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11. Seven-day net supply rate to the watershed and 7th day snowpack,
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18. Hydrograph of 7-d outflow volumes for subbasin 4.
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LAKE SUPERIOR BASIN RUNOFF MODELING*

Thomas E. Croley II and Holly C. Hartmann

The GLERL Large Basin Runoff Model is applied to the Lake
Superior Basin; it is an interdependent tank-cascade model, which
employs analytical solutions of climatological considerations
relevant for large watersheds. The mass balance is coupled with
physically-based concepts of linear reservoir storages, partial-
area infiltration, complementary evapotranspiration and evapotrans-
piration opportunity based on available supply, and degree-day
determinations of snowmelt and net supply. Daily or monthly air
temperature, precipitation, and runoff data are required for cali-
bration of the nine parameters; data are grouped for 22 watersheds
about Lake Superior, as well as for the entire basin above Sault
Ste. Marie, Mich. The model is applied to the Lake Superior Basin
in both lumped- and distributed-parameter approaches. Twenty sub-
basins and the entire basin are modeled for l-d, 7-d, and monthly
mass-balance computation intervals. The l-d and 7-d models "se
daily data and compute net supply and evapotranspirstion oppor-
tunity on a daily basis. The monthly model uses monthly data and
computes net supply and evapotranspiration opportunity on a monthly
basis. Parameter and soil moisture values are interpreted for
physical meaning; soil moisture is also related to basin character-
istics. Result summaries depicting model applications and validity
are given. The model is extended to forecast net basin supplies to
Lake Superior. There are examinations of sensitivity of the fore-
casts to initial conditions and discussions of improvements in
forecasting. The model is an accurate, fast representation of
weekly or monthly runoff volumes from large watersheds, and it has
simple calibration and data requirements. Parameter values have
physical relevance and appear reasonable. The model has good
potential, when using near real-time data, for semiautomatic gener-
ation of practical probabilistic outlooks of runoff and net basin
SUPPlY.

1. INTRODUCTION

It is necessary to have physically-based rainfall-runoff watershed models
in order to simulate basin outflows to the Great Lakes for use in routing
models for lake levels simulation and forecasts. The models nest be specific
for weekly or monthly outflow volumes from large areas with severely limited
data availability. Only daily precipitation and air temperatures are avail-
able over the Great Lakes Basin in an often sparse meteorological network.
The Great Lakes Environmental Research Laboratory recently completed develop-
ment and testing of its Large Basin Runoff Model; the model and its operation

*GLERL Contribution No. 400.



are described in detail by Croley (1982a,b, 1983b,c)  and Croley and Hartmann
(1983). These reports compared the model with others and described its appli-
cation to the Lake Ontario subbasins for both 7-d and 30-d flow volumes. It
is an accurate, fast model with relatively simple calibration and data
requirements for large watersheds. Subsequent to the comparisons described in
the preceding papers, the model is being used to simulate basin runoff contri-
butions to each of the other Great Lakes for use in routing models.

This report describes the model changes made for, and the application
results from. the subbasins of Lake Superior and the entire Lake Superior
Basin for l-d, 7-d, and monthly flow volumes. The meteorological record is
assessed for its information content, and the calibration procedure is tested
against an idealized data set. Calibrated parameter values for each of the
subbasin applications are interpreted with regard to their physical meaning;
the model behavior is illustrated for the lumped-parameter application to the
entire Lake Superior Basin and calculated soil moisture values are examined
and related to basin characteristics.

Other applications of the runoff model that are described are for use in
probabilistic outlooks of net basin supply to Lake Superior. The model is
used in a procedure similar to the Extended Streamflow Prediction (ESP) proce-
dure used by the National Weather Service and other agencies for forecasting
flooding probabilities. The procedure, as applied for net basin supply vol-
umes for Lake Superior, is described here. Several studies were required to
assess the runoff model's sensitivity to parameters and initial or boundary
conditions, and to assess the applicability  of a limited near real-time mete-
orological network. Results from all of these studies and example probahi-
listic outlooks are presented here. Recommendations for future uses are made
and subsequent applications are outlined.

The Large Basin Runoff Model is presented in a user's guide format in the
appendices for applications using daily or monthly hydrometeorological data.
Appendices C and F-H document the semiautomatic parameter calibration proce-
dure for the model. Appendices B-E document the use of the calibrated model
in simulations and statistical summaries. Appendices C and K-N document use
of the model for estimation of probabilistic outlooks of net basin supply to
Lake Superior. These appendices form a self-contained user's guide to the
model and provide full instructions, source code listings, and examples for
use of the Large Basin Runoff Model.

2. RUNOFF MODEL

This section briefly describes the Large Basin Runoff Model, as pre-
viously applied to the Lake Ontario Basin. In later sections the model is
applied to the Lake Superior Basin. Minor changes are necessary in the com-
putation of potential snowmelt and the heat available for evapotranspiration;
these are described. Distinctions are made for model use with daily and
monthly hydrometeorological data and fixed and variable mass-balance computa-
tion intervals. A user's guide for the use of the model in simulations is
presented with source code and examples.



2.1 Description of Lake Ontario Basin Model

The general model structure is summarized elsewhere (Croley, 1982a,b,
1983b.c; Croley and Hartmann. 1983) and is only briefly reviewed here. The
model uses the tank-cascade concept pictured schematically in figure 1; model
parameters are also identified there. Inputs of daily precipitation, daily
minimum and maximum air temperatures, and seasonal insolation determine the
snowpack accumulation and the resulting net supply rate to the watershed (not
to be confused with net supply to the lake, which is basin runoff plus lake
precipitation minus lake evaporation). Precipitation accumulates in the snow-
pack when air temperatures are below freezing. Snowmelt values are based on
the limiting of snowpack volume or potential melt determined from the absorbed
insolation (estimated from minimum and maximum air temperatures and seasonal
insolation) and from the heat of precipitation. Net supply to the watershed
is equal to precipitation plus snowmelt  when sir temperatures are above
freezing and zero otherwise. Net supply is divided into surface runoff and
infiltration into the upper soil zone, based upon a partial-ares concept.
Surface runoff occurs over that portion of the watershed surface that is
saturated; thus, surface runoff is proportional to the upper soil zone
moisture and to the net supply rate.

The proportionality constant is defined as the inverse of the capacity of
the upper soil zone (USZC) (not represented in fig. 1). The upper soil zone
capacity is typically set to correspond to 2 cm of water over the basin area.
Past sensitivity studies have indicated that changes in USZC can be compen-
sated for by changes in other model parameters and so it is set arbitrarily.
Percolation from the upper soil zone recharges the lower soil zone and the
rate is proportional to the moisture in storage in the upper soil zone (linear
reservoir concept). Deep percolation from the lower soil zone recharges the
groundwater sons and is proportional to the moisture in storage in the lower
soil rone. Flows from these three zones (of surface runoff, interflow, and
groundwater) recharge the surface storage; each rate is proportional to the
moisture content in the respective son88 (see fig. 1). Rasin outflow (also
referred to herein as basin runoff) flows from the surface storage, which acts
as a linear reservoir. There may he evapotranspiration losses from any of
these storages although, at present, losses from the surface and groundwater
storages are recognized as negligible relative to losses from the upper and
lower soil zones; thus, they are set to zero in the model. The combined
evapotranspiration rate (e) from the upper and lower soil zones is taken as
both proportional to the sensible heat rate of the atmosphere (e,) and comple-
mentary to the heat already used. The sum of evapotranspiration and potential
evapotranspiration is estimated as a linear (broken-line) function of air
temperature.

The mass-balance equations for all four tanks in the cascade of figure 1
form a set of simultaneous ordinary linear differential equations whose joint
solution depends upon the relative magnitudes of all parameters, inputs, and
system states (storages) pictured in figure 1. Complete analytical solutions
for all possible ranges of values are available (Croley, 1982a). Since
analytical solutions exist, the approximation errors and convergence problems
associated with numerical solutions are bypassed in the use of the model.
Please note that small linear reservoir coefficients imply small releases and,
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hence, large storage volumes; large values imply small storages and, there-
fore, outflows nearly equal to inflows.

Values mst then be determined for nine parameters:
'%nt* "dp* Sel* a

Tb* a~ "per. Seu~

f"'
and asf, where aper, aint, adp, am, and a,f are linear

reservoir coeffic ents on the upper soil zone, lower soil zone, lower soil
zone, groundwater zone, and surface storages, respectively, for percolation,
interflow, deep percolation, groundwater, and basin outflow. 8," and Be1 are
partial linear reservoir coefficients on the upper and lower soil zone
moisture storages for evapotranspiration; they are used with storage and the
rate of evapotranspiration still possible.

2.2 Model Adaptations for Lake Superior

2.2.1 Potential Snowmelt

For the application to Lake Superior, two minor changes were made to the
model. The first change is in the computation of potential snowmelt. A
simple degree-day approach was found to be marginally superior to the "se of
absorbed insolation and the heat of rainfall (as used in the previous appli-
cations) for the subbasins of Lake Superior. Potential snowmelt is what
occurs if the snowpack is not limiting

mp = 0. T < O

= aDD, T > 0, (1)

where mp = daily potential snowmelt  rate (m3/d); a - proportionality constant
for snowmelt per degree-day (m3/"C-d);  T = air temperature, estimated as the
average of the daily maximum and minimum temperatures ("C); and DD = degree-
days per day ('C-d/d), computed as the integral of air temperature with time
over those portions of the day when it is positive. Since the fluctuation of
air temperature during the diurnal cycle is unknown, a triangular distribution
is assumed,(to approximate en expected sinusoidal variation) for ease of com-
putation. The resulting expression for degree-days is:

Tmax < 0

'kin < 0 < %ax

0 < Gin, (2)

where T,,,ar = maximum daily air temperature ('C) and T,in - minimum daily air
temperature ("C). The proportionality constant, a, is a model parameter to be
determined in calibration of the model to a data set and it replaces the
albedo of the snow surface, as, used previously (Croley and Hartmann.  1983).
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A more complex degree-day approach that also included refreezing and snow
quality was tried, but did not improve model performance. (See sppendix A.)

2.2.2 Heat Available for Evapotranspiration

The second model change is in the heat available for evapotranspiration.
To allow evapotranspiration throughout the year, with or without snow cover,
the broken line relationship was replaced by an exponential with the same
parameters

w = KeTjTb, (3)

where W = total energy available for evapotranspiration during the day (cal),
K = units and proportionality constant (cal), and Tb = a base scaling tem-
perature. The constant, K, is determinable from the boundary condition on the
long-term heat balance (Croley and Hartmann, 1983) and the base temperature is
determined as before from model calibration.

2.3 Computation,Intervals

The differential equations for the mass balance can be applied over any
time increment by assuming that the net supply and sensible heat available for
evapotranspiration are uniform over the time increment. Thus, the resolution
of the equations is limited only by the interval for which precipitation and
temperature data are available. The mass-balance computation interval may be
any length greater than or equal to the interval length for which meteorologi-
cal data are available.

2.3.1 Daily Data

Use of daily meteorological data allows mass-balance computation inter-
vals of 1 d or longer (e.g., 7 d, 30 d, etc.). Net supply and sensible heat
available for evapotranspiration are first computed on a daily basis regard-
less of the mass-balance interval, but are then summed over the interval to
represent the n-d averages, where n is the number of days in the mass-balance
computation interval. Values of n are 1 and 7 for daily and weekly model
applications, respectively, however, both models use daily data.

2.3.2 Monthly Data

Use of monthly meteorological data permits mass-balance computation
intervals of 1 month or more, but the monthly interval may represent 28-31
days, depending on the month and year. A variable computation interval is
therefore used for the monthly model to accomodate the variable length of the
month. Net supply and heat available for evapotranspiration are computed on a
monthly basis from the monthly data and are therefore not summed over the com-
putation interval.

6



2.4 User's Guide

Appendix B contains source code listings for the Large Basin Runoff Model
for use in simulation settings with daily or monthly hydrometeorological data
(the files called WATERS and MMWAT, respectively). A short user's guide is
also given there. Appendix C contains a partial listing of an example input
daily hydrometeorological data set (the file called DATA) and a complete
listing of an example input monthly hydrometeorological data set (the file
called MDATA). Appendix D contains two example input parameter sets (the
files called PARM and MPARM) for daily and monthly simulations, respectively.
Appendix E contains partial listings of example output (the files called
SUMARY and MSUM) from the simulation packages of appendix B (WATERS and MMWAT,
respectively) when used with the data files of appendix C (DATA and MDATA,
respectively) and the calibrated parameter sets of appendix D (PARM and MPARM,
respectively).

3. DATA PREPARATION

This section describes how the Lake Superior Basin is divided into sub-
basins and how meteorological and hydrological stations are used with the
Large Basin Runoff Model. It also includes an analysis of the meteorological
record for data availability  and information content and a summary of subbasin
information.

3.1 Study Area and Subhasin Delineation

The Lake Superior Basin, above the locks at Sault Ste. Marie, drains
about 130,000 km2 of Ontario, Minnesota, Wisconsin, and Michigan. It is
divided into 22 subbasins for use with the model (fig. 2). Subbasin bound-
aries are based on State Hydrologic Unit maps from the U.S. Geological Survey
(USGS) for Michigan, Wisconsin, and Minnesota, and on drainage basin map
overlays from the Water Resources Branch of the Inland Waters Directorate of
Environment Canada for Ontario. Subbasins not draining directly into Lake
Superior were combined with those into which they drained so that all result-
ing subbasins have a direct outlet to the lake.

3.2 Daily Meteorological Data

3.2.1 Ares1 Averaging

There are 54 meteorological stations used here for the Lake Superior
Basin (fig. 2). Thiessen weights for all meteorological stations over all
subbasins used in this study are based on planimetered measurements of polygo-
nal areas from 1:500,000  maps and are identified in tahle 1. Meteorological
data for stations in the United States are from the National Climatic Data
Center; National Environmental Satellite, Data, and Information Service; NOAA.
Meteorological data for stations in Canada are from the Canadian Climate
Centre, Atmospheric Environment Service, Environment Canada.

7
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TABLE 1 .--Selected meteorological station Thiessen  weights a
Lake Superior subbasins

Met. Basin nlimbw
station
number" I 2 3 4 5 6 7 a 9 10 11 12 13 14 15 16 17 la 19 20 21 22 Lt

211840
213730
213921
215298
217460
212248
214068
218419
211630
472889
47.5349
215598
477892
470349
472240

.ia

.14

.21

.16

.02

.09

.03

.07

.oa .02

.Ol .17

.Ol .14
.03
.12
.25 .09
.02 .19
.24 .OO
.Ol .20

.30

.21

.Ol

476772
473332
475286
204104
477092
208680
200718
204328
200485
203908
200089
201439
203744
200770
204127
205178
201484
205690
208920
203319
205816
208043
207515
202298
207366

6061358
6059409
6044903
6044959
6041193
6040572
6042067
6040325
6040020
6041109
213417

"%2
213296

.Ol

.06

.06

.at

.35

.16

.09 .lO
.23
.13
.05
.25
.05
.19

.OO .23 -07

.29

.09

.62 .60
.17 .4a .21

.45 .79

-

.31

.36

.33
.45
.22 .69
.33 .Ia

.09 .59

.04 .41

.014

.Oll

.Ol5

.012

.002
.03 .009
.la .ol4
.I2 .Ol3

.007

.007

.006

.OOl

.005

.012
-006
.009
.006
.oos
.Oll
.005
.009
.021
.Ol3
.009
.019
.005
.OOl
"".A

.““V

.007

.003

.004

.006

.003

.013

.006

.Oll

.012

.OOl

.OOl

.oza

.044

.lOO

.047

.060

.025

.oa7
.66 .06 .Ol .049

.064
.oa .059
.24 -042

.03

.42 _.~~

.06 .06 .007

.43 .20 .042
.22 .Ol4
.!a .oli

-
"Canadian ststlons (seven-dlglt  numbers)  avaIlable from Canadian Climate Centre, Environment  Canada.
Unlted States statlons (slrdlglt  numbers) wallable  fran  National Envlronmentsl Satalilte,  Data,
and Information Service,  NOAA, U.S. Department of Commerce.

tEntlre  Lake Superior Basin.
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The meteorological stations whose Thiessen polygons intersect a given
subbasin and whose records contain no missing data for the day in question are
used to determine the Thiessen-weighted subbasin area1 averages for minimum
air temperature, maximum air temperature, and precipitation for each day. The
averaging for each day is accomplished by multiplying data values from each
station by the corresponding Thiessen weight, summing all weighted values for
the subbasin (from all stations being used), and dividing the sum by the sum
of the Thiessen weights for the stations actually used. Thus, missing data at
a given meteorological station is effectively "filled-in" by using data at the
surrounding stations within the same subbasin. If no stations in a subbasin
have data for a given day, then the area1 average is set equal to -9999. to
denote missing data for subsequent uses of the data set.

A daily meteorological data set for the entire Lake Superior Basin is
constructed by multiplying the areal-average  daily data values from each
subbasin with no missing data for the day in question by the corresponding
subbasin area, summing all weighted values for the entire basin (from all sub-
basins being used), and dividing the sum by the sum of the subbasin areas
actually used. Finally, all precipitation values (average daily depths) are
converted to daily volumes by multiplying them by the area of the subbasin
(for each of the 22 subbasins) or the area of the entire basin (for the entire
Lake Superior Basin). The daily meteorological data sets are judged to be
very complete; areal-averaged  daily air temperatures and precipitation for
each subbasin are about 99-percent  complete.

3.2.2 Data Availability/Information Content

Figure 3 illustrates the amount of information available from the 54
meteoroloeical stations for dailv orecinitation  since 1900. Dailv minimum and

I. .

maximum air temperature plots are found to be similar.
plot in figure 3 is computed, for each year of record,

Lake Superior Basin Meteorological
Record  Size (daily  precipitation)

The actual record size
by dividing the number

Date

FIGURE 3.--Daily precipitation data network history for
the Lake ~Superior Basin.
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of days of actually available data at each station by the number of days in a
year (to get station-years/year for each station) and summing over all 54 sta-
tions. It can be interpreted also as relative data availability on a scale of
0 to 1 (the right-hand scale), where unity represents all 54 stations report-
ing 100 percent of the time. (Each station has 1 station-year/year of avail-
able data.) The "information content" plot in figure 3 is computed, relative
to the 54-station network with all stations reporting 100 percent of the time
(54 station-years/year), by considering each station's contribution to the
final 54-station network. Each station's actual record size for each year is
weighted by its 54-station  Thiessen weight and they are summed over all sta-
tions. It can be seen that, from 1947 to 1969, the information available in
the Thiessen-weighted network was less than that apparent from the actual
record size in terms of the final 54-station network. The stations added in
about 1969-70 contributed relatively more to the final network and the infor-
mation content rose relatively faster than in the previous 20 years or than
the record size rise. Figure 3 shows that the last 8 or 9 years prior to 1978
had greater than 65-percent coverage relative to a fully reporting 54-station
network. Prior to 1968, this coverage was less than about 60 percent; 1969-78
is used for model applications henceforth.

It is important to note that figure 3 does not give the information con-
tent of the data on actual daily precipitation. Since actual values are
unknown, the information content of the data cannot be exactly determined.
Hence, the low network coverage of the pre-1950's does not necessarily imply
that daily basin averages computed from the early data are widely in error,
only that our confidence in them is lower than for the later data.

3.3 Daily Hydrological Data

There are 35 streamflow gages used here for the Lake Superior Basin (fig.
2). The drainage area of each gage is given by the USGS (1980a,b,c)  or Inland
Waters Directorate (1979), while the total area in each subbasin is based on
planimetered measurements from 1:500,000 maps. Relative area1 drainage cover-
age for all flow gages used herein are identified in table 2. Flow data are
from the Water Resources Division of the USGS and the Water Resources Branch
of the Inland Waters Directorate of Environment Canada.

All hydrological stations within a given subbasin whose records contain
no missing data for the day in question are used to determine the subbasin
outflows into Lake Superior for each day. This aggregation for each day is
accomplished by adding data values from each gage within the subbasin  and
dividing by the sum of the relative area drainage coverages for the gages
actually used, to extrapolate for the entire subbasfn  area. Thus, missing
data at a given gage are effectively "filled-in" by using data at nearby gages
within the same subbasin. If no gages in a subbasin have data for a given
day, then the flow total is set equal to -9999. to denote missing data.

A daily hydrologic data set for the entire Lake Superior Basin is
constructed by adding extrapolated subbasin outflows from each subbasin with
no missing data for the day in question and dividing by the ratio of the sum
of drainage areas of each subbasin  actually used with respect to the entire
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TABLE 2.-Selected  discharge station areal drainage extents
on Lake Superior 8ubhsins.

FIOW
StatIon

Basin nuntar

number* 1 2 3 4 5 6 7 6 9 10 11 12 13 14 15 16 17 18 19 20 21 22 Lt

4024000 .91

4024430
4025500
4027000

4027500
4031000
4031500

4040000
4043050
4041500

4044400
4045500

QOZBFOOl

QOZBFOO2
QOZBEOOZ
QO280002

QO280003
QOZECOO4
QOZBBOOZ

QOZBBOO3
QOZEAOOZ

QO2BAOO3

QOZAEOOl
QOZAD008
QOZACOOl

QOZACOOZ
QOZABOO6
QOZAB006

QOZAB014
QOZABOl5
QOZAB016

Q02AB017
4010500
4014500

4015330

.22

.07

.47

.21
.20
.16

.96
.03

30

.05

.96
.23

.23
.49

.54

.20

.52
.29
.62

.22

.25

.33
.96

.12

.51
.02

.73

.Ol

.06

.02

.02

.069

.OOB

.003

.012

.006

.004

.003

.027

.OOl

.007

.OOl

.016

.009

.009
,022
.041

.015

.032

.015

.033

.009

.OlO

.005

.l91

.005

.023

.OOl

.050

.OOl

.004

.OOl

.002
.19 .012
.04 .003

.03 .002

Ail s ta t ions .652

"Canadian stations (eight-digit numbers) avallable  frcm  Inland Waters Dlrectorate, Environment

Canada. United States stations (seven-digit numbers) avallable from USGS, U.S. Department of
Interior.

tEntlre Lake Superior Basin.
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basin. Finally, all outflows (daily average flow rates) are converted to
daily volumes by multiplying them by the daily time period. The daily hydro-
logical data sets are judged to be very nearly complete; except for subbasins
9 and 11, for which there were no flow data, and subbasin 15, for which 6
months were missing, all subbasins are complete.

The hydrological data sets for each subbasin and for the entire Lake
Superior Basin are combined with their respective meteorological data sets to
provide a complete daily data set containing minimum air temperature, maximum
air temperature, precipitation volume, and outflow volume for each day of
record for each subbasin and the entire basin. Section 1 in appendix C con-
tains a partial listing of such a data set.

3.4 Monthly Data

The daily data sets for each subbasin were used to determine subbasin
monthly data sets. For a given subbasin, the daily minimum and maximum air
temperatures were arithmetically averaged for each day to give average air
temperature for the day. These were then averaged over the days in each month
to determine the monthly air temperature. Likewise, precipitation and outflow
volumes were each accumulated over the days in each month to determine the
monthly values. If there were missing data for air temperatures or precipita-
tion in the daily data, then the previous day's value was used to fill in the
missing data. If there were missing daily outflow data for any days in a
month, then the entire month's value was set to -9999. to denote no flow
volume for that month in the monthly data set. Monthly data sets for each
subbasin are considered very nearly complete. Section 2 in appendix C con-
tains an example such a data set.

The monthly data sets were then combined for groups of subbasins to
create monthly data sets for all of the Lake Superior Basin, all of the basin
except subbasin 19 (which contains Lake Nipigon, through which diversions from
outside the basin are regulated), all of the United States portion of the
basin (subbasins 1 through 11 and 22), all of the Canadian portion of the
basin (subbasins 12 through 21), and all of the Canadian portion of the basin
except subbasin  19. The combination for each large area is similar to the
construction of the daily meteorological and hydrological data sets for the
entire Lake Superior Basin from the daily data sets for the component sub-
basins.

3.5 Subbasin Information Summary

The subbasin information is summarized in table 3. Of the 23 data sets
identified in table 3 (one for each subbasin and one for the entire basin, L),
2 have incomplete or missing outflow data. Midmonthly cloudless day insola-
tion at Sault Ste. Marie was used for all subbasins (Gray, 1973). Appendix C
contains a partial listing of the daily data set (the file named DATA) and a
complete listing of the monthly data set (the file named MDATA) for the entire
Lake Superior Basin. They are typical in format of the data sets for all
basins.

13



TABLE 3.--Lake Superior subbaein information

Sub- Basin Last
basin area date
“CD. (km2 ) (d-m-y)

Normal Normal
Data set No. of annual annual
length meteoro1. Area1 flow
(yrs) stat10*s extent

prec:p.

(cm) (cm)*

1 9,715 31112178 30.7
2 4,909 31/12/78 30.7
3 3,403 31112178 30.7
4 2,675 31112178 30.7
5 3,628 31112178 30.7
6 2,835 31112178 30.7
7 1,790 31112178 21.3
8 2,439 31/12/78 30.7
9 3,135 31/12/78 30.7

10 2,127 31/12/78 30.7
11 851 31/12/78 48.0
12 5,075 31/12/78 48.0
13 5,771 31/12/80 28.3
14 9,876 31/12/80 15.0
15 7,951 31/12/80 30.9
16 6,905 31/12/80 31.2
17 5,288 31/12/80 31.7
18 1,875 31/12/80 6.2
19 25,699 31/12/80 33.0
20 5,905 31/12/80 33.0
21 8,837 31/12/80 33.0
22 8,236 31/12/80 30.7

11
9
7
5
4
4
6
8
7
4
4
3
3
2
3
3
4
2
5
3
5
8

0.91 72
0.29 77
0.68 86
0.36 91
0.96 82
0.03 91
0.50 88
0.05 86
t 89

0.96 90
t 91

0.46 90
0.49 95
0.74 100
0.52 92
0.91 83
0.47 I36
0.33 70
0.96 76
0.63 72
0.86 82
0.26 76

27
40
35
38
35
50
40
44

43

54
45
42
36
38
38
30
44
29
29
35

L”” 128,925 31112178 9.1 54 0.65 83 39

*Equivalent depth over basin.

tUnused poor-quality flow data.

**Entire Lake Superior Basin.
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4. CALIBRATION

The Large Basin Runoff Model was applied to the 21 complete daily data
sets previously identified for the Lake Superior Basin for the l-d and 7-d
mass-balance computation intervals. It was applied to the 25 complete monthly
data sets previously identified for the Lake Superior Basin for the monthly
mass-balance computation interval. Each of these 67 applications required
determination of the values of the nine parameters used in the model.

This section describes the calibration procedure used (including a des-
cription of a user’s guide found in the appendices) and presents the cali-
brated parameter values for all 67 applications. The parameter values are
then interpreted with regard to model sensitivity, simpler model structures
they suggest, physical meaning, and basin characteristics. Next, model behav-
ior is interpreted in detail for the entire Lake Superior Basin; each segment
of the model structure is considered individually. Finally, problems inherent
in the calibration procedure are discussed and improvements are suggested.

4.1 Calibration Procedures

4.1.1 Parameter Determination

Parameters are determined by a systematic search of the parameter space
to minimize the sum-of-squared errors between actual outflow volumes and model
o"tflo" volumes. The search consists of minimizing this error for each para-
meter, selected in rotation, until convergence to two significant figures is
achieved. This procedure has been implemented in FORTRAN IV on the CDC Cyber
1701750 computer.

4.1.2 User's Guide to Model Calibration

Appendices C and F-H document, and show an example of, Large Basin Runoff
Model calibration using daily hydrometeorological data. Appendix F contains
the source code listing for the semiautomatic calibration procedure (the file
named CALIB) and a short explanation of its use for determining parameter
values. Appendix C contains a partial listing of an example daily hydro-
meteorological data set (the file called DATA) for use in calibrating the
model, and appendix G contains a short file (called PARAM) of initial param-
eter values that can be used to start calibrations. Appendix H contains an
entire example calibration session that uses the calibration program of appen-
dix F (CALIB), the data file 0f appendix c (DATA), and the parameter file of
appendix G (PARAM). The session consists of the parameter values searched to
find the optimum set. Appendix G also contains the optimum parameter set,
printed as output separately at the end of the calibration session.

Appendix F also contains a version of the model using monthly hydro-
meteorological data for calibration (the file called MMCAL). Appendix C con-
tains an example monthly hydrometeorological data set (the file called MDATA)
for use with this model version. However, an initial parameter set and
example calibration session for the monthly model calibrations are not
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provided because use of the monthly calibration procedure is similar to the
daily examples.

4.1.3 Initialization and Data Set Period

There are five variables in the model: SNW, USZM, LSZM, GZM, and SS,
they are initialized prior to modeling as SNW
respectively. While it is easy to determine ?ls33~ ,"~"~~:,G~~;*,""~,,~~~"s
of the year, the other variables are generally difficglt  to estimate. The
effect of the initial values diminishes with the length of the simulation, and
after about 1 year of simulation, the effects are nil from a practical point
of view. Therefore, with about a l-year initialization period, the initial
values may be set arbitrarily. In all the calibrations described here, the
first 630 days of data are used for initializing the model; the remainder of
the data is used for measuring goodness-of-fit of the model outflow to the
actual o"tflo".

4.1.4 Calibrated Parameter Sets

There are 21 calibrations each for both the l-d and 7-d runoff models and
25 calibrations for the monthly model. Twenty correspond to the 20 subbasins
for which flow data were available and one (L) corresponds to the entire Lake
Superior Basin. For the monthly model, four additi""al calibrations (LEN, LC,
LCEN, LU) correspond, respectively, to the entire Lake Superior Basin ex-
cluding the Lake Nipigon subbasin, the entire Canadian portion for the Lake
Superior Basin, the entire Canadian portion of the Lake Superior Basin
excluding the Lake Nipigon subbasin, and the entire United States portion of
the Lake Superior Basin. All calibrations use data sets for the camnon period
of 9.1 years beginning December 1, 1969, and ending December 31, 1978, except
for subbasin 18, which uses a data set with only 4.2 years of flow data ending
December 31, 1978. Optimum parameter values for the l-d, 7-d, and monthly
models are presented in tables 4, 5, and 6, respectively.

4.2 Parameter Interpretations

Inspection of tables 4, 5, and 6 suggests some interesting parameter
1*terpretat10*s.

4.2.1 Sensitivity to Air Temperatures

The value of Tb (the scaling parameter for air temperature used in the
computation of heat available for evapotranspiration) is relatively large for
subbasins 2, 3, 4, 6, 8, 14, and 16 for the l-d model, for subbasins 3, 4, 6,
8, and 14 for the 7-d model, and for subbasins 4 and 18 for the monthly model,
indicating that for these subbasins evapotranspiration is relatively insen-
sitive to air temperature. These subbasins are generally located in the
southwestern and south-central sections of the Lake Superior drainage basin,
and the insensitivity may be a result of their exposure to northwestern air
movements, which are dry relative to air currents in other parts of the
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TABLE 4.--Lake Superior subbasin l-d model  parameters*

Linear reservoir and evapotranspiration coefficients

UPPer Deep Lower Surface
Sub- Melt Perco- ZO"e Inter- perco- zone Ground- storage
basin Tb factor lation eva

("C) (m3/"C-d) (d-l) 3'
flow lation eva

"0. Cm- ) (d-l) (d-l) cm-$
water o"tflo"
(d-l) (d-l)

1 3.0 24e+06
2 5.4 76e+05
3 4.4 lOe+06
4 9.5 68e+05
5 3.2 lOe+06
6 5.1 12e+06
7 3.9 38e+05
8+ 99e+07  85e+07
10 2.0 49e+05
12 2.1 12e+06
13 1.4 91e+05
14 4.2 34e+06
15 1.2 24e+06
16 6.0 16e+06
17 2.1 12e+06
18** 1.6 30e+05
19 2.2 16e+06
20 2.2 13e+06
21 1.7 27e+06
22 2.4 lle+06

L++ 1.7 39e+07

23e-02 99e+oo
13e+Ol 12e-07
34e-01 29e-11
17e+oo 15e-07
76e-02 25e+OO
89e-02 20e-08
12e-01 16e-08
29e+oo 60e-09
66e-02 14e+02
18e-02 32e-02
71e-01 45e+Ol
83e-01 45e-09
10e+oo 0
65e-02 76e-10
57.~02 14e-08
40e-02 31e-07

49em02 61e-09
87e-01 t?le-04
24e-01 73e-02

28e-01 14e-11

17e-04
71e-03
39.2-03
84e-03
66e-04
35e-03
99e-04

0
26e-04
72e-04
90e-05
32e-04
24e-03

0
35e-04

0
0

27e-04
23e-04
39e-03

41e-04

17e-03 641~07
59.203 36e-10
23e-03 lOe+02
39e-03 57e-10
lOe-03 12e-09
24e-03 lOe-09
89e-04 19e-09
13e-03 85e-11
45e-04 35e-09

0 27e-11
97e-04 lOe-09
lle-03 79e-11
27e-03 28e-04
24e-03 28e-10
29e-04 21e-04
46e-04 32e-01
30e-02 30e-08
50e-06 99e-05
35e-04 44e+oo
41e-03 25~06

78e-04 25e-05

62~~04
50e-04
17e-03
32e-03
75e-04
25~~03
84e-04
89e-04
24e-04

36e-04
27~~04

0
58e-03
45e-04
27e-05
60e-04
50e+05
21~04
22e-03

42~~04

71e-03
34e+oo
24e-02
23e-01
12e-02
27e-02
18e-02
16e-03
78e-03
13e-02
56e-03
85e-03
51e-03
lOe-02
53e-03
74e-03
60e-04
31e-03
14e-02
51e-02

99e-03

*Applications with data sets of 3,318 d, beginning December 1, 1969, and ending
December 31, 1978.

+Freq"ent  changes in outflow over two orders of magnitude in a single day; this
results from flow regulation in basin 8 that was much more significant than
natural variatio"s. Calibration is ineffective.

**Flow data available only for 4.2 yrs (2.5 yrs used for calibration, 1.7 yrs
used for initialization).

ttEntire Lake Superior Basin.
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TABLE 5.--Lake Superior subbasin 7-d model parameters*

Linear reservoir and evapotranspiration coefficients

Upwr D-v Lower Surf ace
Sub- Melt Perco- zone Inter- perco- zone Ground- storage
basin Tb factor latian eva .

(“C) (m3/‘C-d) (d-l) (I&
flow lation eva water o”tflo”

“0. (d-l) (d-l) 5’cm- ) (d-l) (d-l)

1 2.5 23e+06
2 2.4 66e+05
3 3.0 99e+05
5 3.3 67e+05
5 1.3 84e+05
6 4.6 98e+05
7 1.2 36e+05
87 300000 55e+07
10 1.2 47e+05
12 1.3 12e+06
13 1.4 84e+05
14 3.6 30e+06
15 1.3 20e+06
16 1.5 15e+06
17 1.5 1 le+06
18** 1.0 33e+05
19 1.8 16e+06
20 1.5 1 le+06
21 1.8 24e+06
22 2.0 lOe+06

,++ 1.9 30e+07

27e-02
26e-01
29e-02
lle-01
62e-02
39e-02
69e-02
14e-01
50e-02
19e-02
32e-01
54e-01
19e-01
50e-02
69e-02
28e-02
m

60e-02
64e-01
15e-02

27e-01

78e+OO
0

82e-01
0

51e+OO
13e-08
29e+Ol

0
13e+02
31e-02
24e+Ol

0
0
0
0

50e-04

0
54e-02
82e-02

0

0
1 le-02

0
31e-03
30e-04
19e-03
20e-04
12e-03
70e-05
50e-04

0
54e-04
26e-03
44e-04
53e-04

0
80e-04
32e-04
25e-04

0

60e-04

25e-03
20e-02
66e-03
14e-03
59e-05
1 le-03
17e-04

0
21e-04

0
13e-03
42e-03
27e-03

0
0

33e-04
21e-02

0
52e-04
1 le-03

17e-03

68e-07
29e-04
81.~05
13e-04
18e-10
50e-11
72e-05
12e-10
33e-10
15e-10
28e-09
12e-04
95e-05
68e-05
76e-05
44e+OO
lOe-04
58e-05
22e-04
90e-06

93e-05

55e-04
67e-04
53e-04
18e-05
45e-04
74e-04
23e-04

15e-04

38e-04
23e-04
35e-11

25e-05
60e-04

27e-04
15e-03

35e-04

86e-03
45e-02
lOe-02
37e-02
19e-02
33e-02
18e-02
38e-04
88e-03
14e-02
46e-03
1 le-02
40e-03
90e-03
72e-03
64e-03
60e-04
42e-03
22e-02
97e-03

17~02

*Applications with data sets of 3,318 d beginning December 1, 1969, and ending
December 31, 1978.

tFrequent changes in outflow over two orders of magnitude in a single day; this
results from flow regulation in basin 8 that was much more significant than
natural variatio”s. Calibration is ineffective.

**Flow data available only for 4.2 yrs (2.5 yrs used for calibration, 1.7 yrs
used for initialization) ending December 31, 1978.

++L - Entire Lake Superior Basin.
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TABLE 6.--Lake Superior subbasin monthly model pammeter  (monthly data)*

Linear reservoir and evapotranspiration coefficients

UPPer Deep Lower Surface
Sub- Melt Perco- zone Inter- perco- ZlJ"C2 Ground- storage

basin Tb factor lation eva .
(“C) (m3/“C-d) (d-l) (m-f9

flow latio” eva
3’

water
“0. (d-l) (d-l)

o”tflo”
cm- ) cd-‘) cd-‘)

1 0.99 20e+07
2 2.0 18e+06
3 2.0 41e+06
4 4.3 43e+06
5 0.89 30e+06
6 2.3 92e+06
7 0.88 12e+06
8 1.0 35e+03

10 1.0 48e+05
12 1.7 15e+06
13 0.88 21e+06
14 2.1 41e+06
157 2.0 19e+06
16 1.9 32e+06
17 1.7 22e+06
18** 3.1 78e+05
19 1.6 54e+06
20 0.88 18e+06
21 1.0 99e+06
22 1.3 16e+06

Lt+ 0.82 71e+07
LEN 0.81 35e+07
LC 0.88 72e+08
LCEN 1.0 28e+07
LU 1.6 32e+09

70~02
20e-01
91e-02

22eYOl
lle-01
17e-01

93eI02
98e-02
46e-01
73e+OO
13e+OO
13e-01
26e-01
98e-02
29e-01
12e-01
12e+oo
94e-02

36e-01
28e-01
32e-01
37e-01
251~01

12e+Ol
29e-10
36e-05

93e+OO
95e-10
70e+02

lle+02
31e-02
lle+02

0
66e-08

0
21e-11

0
12e+oo

0
99e-07
95e+oo

59e-10
0

85e+OO
0
0

32~05
lOe-02
20e-04
71e-03
20e-04
12e-03
17e-04
92e-04
lOe-04
37e+07
21e-05
85e-04
23e-03
13e-03
16e-03
68e-11

0
49e-04
19e-04
95e-04

20.~04
25~04
lle-04
32e-04
83e-04

52e-04
38e-02
22e-03
98e-03
29e-04
lOe-03
45e-04
17e-04
66e-04
83e+07
75e-04
49e-03
37e-03
20e-03
31e-03
73e+Ol
33e-01
91e-04
48e-04
12e-03

EOe-04
49e-04
lle-03
74e-04
lle-03

83e-07
57e-04
92e-05
42e-09
57e-11
13e-09
45e-05
37e-11
40e-10
21e-10
23e-10
85e-04
70e-04
87e-05
45e-05
64e+OO
68e-06
98e-05
90e-04
58e-06

48e-05
31e-05
90e-09
42.~04
73e-03

72e-04
44e-04
49e-04
26e-04
27~~04
36e-04
24e-04
71e-05
22~04
33e-04
27e-04
20e-04
35e-04
31e-04
35e-04
26~04
56e-04
25~~05
19e-04
13e-03

21e-04
16e-04
25e-04
29e-04
45e-04

87e-03

66eI02
49e-02

m

57eIO2
48e-04
EOe-02
30~~02
48e-03

OD
27e-02
151~02
15e-02
75e-03
59e-04
76e-03

OI
m

31e-02
28e-02
lle-02
31e-02

m

*Applications with data sets of 3,318 d beginning December 1, 1969. and ending
December 31, 1978.

tFlow data available only for 8.3 JTS (6.6 ,TS used for calibration, 1.7 yrs
used for initialization) beginning December 1, 1969.

**Flow data available only for 4.2 yrs (2.5 yrs used for calibration, 1.7 Yrs
used for initialization) ending December 31, 1978.

ttL = Entire Lake Superior Basin.
LEN - Entire Lake Superior Basin excluding the Lake Nipigon subbasin.
LC = Entire Canadian portion of the Lake Superior Basin.
LCEN = Entire Canadian portion of the Lake Superior Basin excluding the Lake

Nipigon subbasin.
LU = Entire United States portion of the Lake Superior Basin.
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Superior drainage basin. However, clear evidence is not available since there
are regulated flows in these basins that may give evaporation timing differen-
ces not accountable for in the model. The value of Tb for subbasin 8 is
extraordinarily high; the data set for that subbasin reveals frequent changes
in outflow over two orders of magnitude in a single day due to regulation of
flows that are much mnre significant than natural variations. hence, calibra-
tion is probably ineffective for subbasin 8 and the subbasin is not included
in the remaining parameter interpretations. However, on a monthly basis, the
dominance of regulatory flow variations over natural flow variations becomes
less pronounced; it may be more effective to use the monthly model to cali-
brate for subbasin  8.

4.2.2 Melt Factors

Generally, the larger subbasins have relatively larger melt factors, while
the smaller subbasina have relatively small melt factors. This is understan-
dable since higher snowmelt  runoff volumes per degree-day are expected from
larger areas. However, the melt factor, a, does not increase linearly with sub-
basin area. For the l-d and 7-d models, subbasin 2 has a melt factor relatively

small for its area. For the l-d model, subbasins 3, 5, and 6 have melt
factors relatively large for their areas; for the 7-d model, subbasins 3 and 6
have melt factors relatively large for their areas.

This may reflect the influence of the locations of these subbasins.
Subbasin 2 is located in the southwestern corner of the Lake Superior Basin
and may not be subject to the stabilizing lake effect on air temperatures.
Subbasins 3, 5, and 6 are mnre centrally located to the south of Lake Superior
and thus subject to warmer air temperatures and more humid air than subbasin
2. When humidity is high the air can carry mnre heat at the same air tem-
perature than when it is low, and hence, more snowmelt  per degree-day can be
expected for subbasins 3, 5, and 6. The relationship between subbasin area
and the melt factor is less consistent for the monthly model, probably because
the monthly air temperatures represent a loss of information in the averaging
of daily values (they are much less variable during the winter) as compared to
daily air temperatures.

4.2.3 Simpler Model Possibilities

Inspection of the linear reservoir and evapotranspiration  coefficients
suggests that some Lake Superior subbasins could be modeled more simply, i.e.,
with fewer storage tanks.

4.2.3.1 Elimination of Upper Soil Zone. Subbasin 19 for the l-d and 7-d
models, and subbasin 4 for the monthly model show an infinite percolation
coefficient, indicating zero upper soil zone storage (no upper soil zone is
modeled) for these subbasins. For all three models, the remaining subbasins
generally have very high percolation values (with half-lives ranging from
about 8 min to about 5 days; half-life is the inverse of the coefficient times
the logarithm of 2). With a high value for percolation (small half-life),
there is not enough water stored in the upper soil zone for even high values
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of the upper soil zone evapotranspiration coefficient to have substantial
effects on runoff volumes. Thus, the values of the upper soil zone evapo-
transpiration coefficient in tables 4, 5, and 6 have little meaning and may
all be considered to be zeros since negligible evapotranspiration occurs from
the upper soil zone in any of the applications. The parameters suggest then
that evapotranspiration is almost totally controlled by the lower soil zone
for the Lake Superior subbasins.

4.2.3.2 Elimination of Interflow. Simulations for subbasins 16, 18, and
19 for the l-d model, subbasins 1, 3, 13, 18. and 22 for the 7-d model: and
subbasins 18 and 19 for the monthly model show the interflow coefficient to be
very small or zero, indicating that effectively no interflow is modeled for
these subbasins.

4.2.3.3 Elimination of Lower Soil Zone. For the monthly model, subbasin
12 shows very large interflow and deep percolation coefficients with an equiv-
alent combined half-life (ignoring evapotranspiration) less than 1 second.
Subbasin 18 for the monthly model also shows a large deep percolation coef-
ficient with a half-life of about 1 minute. Thus, zero lower soil zone storage
is indicated (no lower soil zone is modeled) for these subbasins, and their
lower soil zone evapotranspiration coefficients may be considered to be zero
since negligable evapotranspiration is possible from the lower soil zone.

4.2.3.4 Elimination of Groundwater Zone. The deep percolation coef-
ficient is very small or zero for subbasins 12 and 20 for the l-d model; sub-
basins 12, 16, 17, and 20 for the 7-d model; and subbasin 18 for the monthly
model, indicating that effectively no flow to the groundwater zone is modeled
for these subbasins. Where the deep percolation coefficient is small, there
is not enough water stored in the groundwater zone for even high values of the
groundwater flow coefficient to have substantial effects on runoff volumes.
Thus, the values of the groundwater flow coefficient for subbasins 12 and 20
in table 4 and for subbasin  ,l8 in table 6 have little meaning and may all be
considered to be zeros since negligible groundwater flow occurs from the
groundwater zone in these applications.

4.2.3.5 Elimination of Surface Storage. The surface storage outflow
coefficient is relatively large for subbasin  2 for the l-d model. The monthly
model yielded infinite surface storage outflow coefficients for subbasins 2,
5, 6, 14, 21, and 22. This is equivalent to no surface storage “tank” in
figure 1. Generally, these subbasins are relatively narrow strips or rocky
areas along the lake with short times of concentration; surface response is
faster than a monthly interval and is not detectable at this time scale.

4.2.4 Other Interesting Parameter Value Interpretations

Other parameter values obtained during model calibrations allow
interesting interpretation.

4.2.4.1 Entire Basin Parameters and Half-Lives. Table 7 contains stor-
age half-lives for the 7-d lumped-parameter application to the entire Lake
Superior Basin. Half-lives are computed as the inverse of the sum of the
linear reservoir coefficients for a storage zone times the natural logarithm
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TABLE 7.--Lake Superior Basin lumped-parwneter  7-d model half-lives

Upper soil Lower soil
zone storage
half-life*

zone storage
half-life*

Groundwater
zone storage
half-life

Surface zone
storage
half-life

6.2 h 4.3 w 28 w 4.1 d

*Uncorrected for evapotranspiration.

of 2 (for half empty) and are uncorrected for evapotranspiration; see Croley
and Hartmann (1983). The surface zone storage half-life is larger than those
obtained for the 7-d lumped-parameter application to the entire Lake Ontario
Basin (Croley and Hartmann, 1983) and may reflect the boggy, swampy nature of
much of the Lake Superior Basin. The groundwater zone storage half-life for
Lake Superior is almost an order of magnitude less than the groundwater zone
storage half-life for Lake Ontario, and may reflect the presence of the
Precambrian shield under much of the Lake Superior Basin. The upper soil zone
storage half-life is smaller than that for the Lake Ontario Basin, while the
lower soil zone half-life is about the same. This again implies that, for the
Lake Superior Basin, a single soil zone may be adequate to model the basin
response. This is also consistent with the general structure of the Lake
Superior Basin--a thin layer of soil over bedrock.

4.2.4.2 Subbasin Parameters. The value of the groundwater flow coef-
ficient is very small for subbasin 15 for the l-d and 7-d models; the ground-
water zone serves as a 'sink' to reduce modeled runoff volumes for this
subbasin in response to known unnatural flow regulation in 1977, which retain-
ed significant flow volumes in surface storage. Along these same lines for
the 7-d and monthly models, subbasins 4 and 19 have large values for the per-
colation coefficient, indicating large flows to the groundwater zone, while
they also have relatively small values for the groundwater coefficient, indi-
cating that the groundwater storage is large. For subbasin 19, which is a
large basin, a relatively large groundwater or lower soil zone makes sense.
(Model storage volumes for subbasin  19 suggest little lower soil zone mois-
ture, and in fact the large groundwater zone moisture value may be the model
representation of the subbasin's soil cover, which is known to exist.)
However, the area of subbasin  4 is an order of magnitude smaller than that of
subbasin 19 and a relatively large groundwater zone is not reasonable; this
suggests that there is groundwater leakage from the subbasin that is reflected
in the model as some water entering the groundwater zone and never leaving.
Provision of a groundwater flow out of the subbasin, in the model, would
undoubtedly improve the model goodness-of-fit for subbasin  4 at the added
expense of another parameter in the calibration.

Subbasin 19, the largest subbasin, has the smallest value of the surface
storage outflow coefficient for all three models, indicating that surface
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storage is significant in the models for this subbasin. It is interesting to
note that the presence of Lake Nipigon, a large lake, in subbasin 19
corresponds to the largest surface storage (smallest surface storage outflow
coefficient) of all of the subbasin model applications.

4.3 Model Interpretations

Figure 4 graphically represents the storage states within the model,
applied to the entire Lake Superior Basin for a 7-d computation interval, and
reflects the calibrated parameter values for that application. Similar plots
illustrating typical behavior of the model for selected Lake Superior sub-
basins (4, 6, 10, 12, 16, and 20) are given in appendix I; the model performed
well for these subbasins and there is a relatively greater degree of confi-
dence in their calibrated parameter values. Large parameter values result in
large flows from the storage 'tanks' and small storage volumes; small para-
meter values result in smell flows from the storage 'tanks' and large storage
volumes. The figure shows the modeled 7-d net supply rate to the upper soil
zone (precipitation plus snownelt), in a fashion similar to a rainfall hyeto-
graph, and the modeled water volumes stored in the snowpack or storages at the
end of each 7-d computation period. The scales for all single subbasin appli-
cations are identical so that relative storage magnitudes are highlighted.

4.3.1 Snowpack and Net Supply

As figure 4 illustrates, during winter all precipitation accumulates in
the snowpack and there is no net supply to the upper soil zone. Peak snow
pack accumulations generally occur in March and agree with snowpack charac-
teristics observed by Phillips and McCulloch (1972). As melt occurs in early
spring, the snowpack drops quickly. The rate of disappearance of the snowpack
given by the model is supported by observations by Price et at. (1976). The
authors measured loss of water from subarctic snowpacks up to 5.9 cm/day from
densely wooded north-facing slopes. They also observed that the melt season
typically lasts from 7 to 27 days, depending on site characteristics and
snowpack depth. The model is judged to have good snowmelt timing; however,
comparison with remotely-sensed snow water equivalents (discussed subse-
quently) suggests model deficiencies regarding snowmelt  volumes.

4.3.2 Upper Soil Zone

As the snowpack melts quickly, the upper soil zone experiences large
peaks in the net supply rate. Throughout the summer the net supply rate to
the upper soil zone is strictly precipitation. Figure 4 also shows the model-
ed upper soil zone storage for the Lake Superior Basin; it is typically very
small since the upper soil zone is modeled to be very 'flashy.' Variations in
the upper soil zone storage correspond directly to the net supply rate.

4.3.3 Lower Soil Zone

Peaks in the lower soil zone storage also correspond directly to the net
supply rate peaks since almost all the water percolates immediately through
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FIGURE 4.--Seven-day  net supply rate to the watershed and 7th day snowpack,
soil aones, and surface 8tomge8 for the entire Lake Superior Ba8in.
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the upper soil zone; see figure 4. Clear recessions in the lower soil zone
moisture are evident in winter when there is no net supply. The peak lower
soil zone moisture results from the large spring snawmelt  influx. During
summer, when evapotranspiration losses are highest, the lower soil zone
moisture is quickly depleted. Evapotranspiration demands become significant
in May when trees and other vegetation begin to leaf out; with subsequent
higher temperatures in June or July, all moisture in the lower soil zone can
be removed by evapotranspiration. The continued high temperatures during the
remainder of the summer prohibit any recovery of soil moisture levels in the
lower zone. Instances where the lower soil zone moisture remains relatively
high throughout June are cool springs or late summers. In autumn, as average
daily air temperatures decrease and plants cease production, the demands on
the lower soil zone from evapotranspiration also fall and the water volume
begins to rebuild.

4.3.4 Groundwater Zone

Figure 4 also depicts the modeled groundwater storage. Groundwater zone
moisture is seen to ba less variable and slower in response to net supply rate
than the overlying storages. The groundwater zone peaks and recessions lag
the influx variations; this is typical of groundwater. Evapotranspiration
from the overlying lower soil zone precludes deep percolation, so the ground-
water storage shows a clear recession in summer. Likewise, as evapotranspira-
tion losses from the lower soil zone decline in autumn, the groundwater
storage shows a slight recovery before winter.

4.3.5 Surface Storage

Finally, figure 4 shows the modeled surface zone storage. Flows to the
surface zone are composed of surface runoff, interflow, and groundwater flow
from the upper soil zone, lower soil zone, and groundwater zone, respectively.
Because the surface storage contains flows from all the other storages, lags
in peak volumes are seen to be intermediate between the near-instantaneous
upper and lower soil zones and the slower groundwater zone.

4.3.6 Other Interesting Model Interpretations

Some subbasins are exceptions to the above remarks. Inspection of the
model storage plots for subbasin 4 in appendix I reveals that the groundwater
storage is apparently growing without limit as was suggested earlier in sec-
tion 4.2.4.2. The groundwater zone is modeled as a 'sink' for this subbasin
and indicates that there is probably groundwater flow out of the subbasin.
Subbasins 12, 16, and 20 show no modeled groundwater storage; optimum para-
meter sets for these subbasins show a deep percolation coefficient of zero,
indicating no flow to the groundwater zone is modeled for these subbasins. Of
all the subbasins presented in appendix I, and probably of all the subbasins
modeled for the Lake Superior Basin, subbasin 10 has the largest lower soil
zone moisture values; this is understandable since this subbasin lies in the
North American Central Lowlands and probably has the thickest soil cover (B.
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Holbrook, personal communication, 1983; Phillips and McCulloch,  1972). Hence,
this subbasin should have a comparatively large soil water storage capacity.

4.4 Calibration Problems

The agreement between all parameter values for each subbasin for l-d,
7-d, and monthly model applications is very good. With the exception of 34
out of 180 possible matches, all parameters are within about a" order of mag-
nitude of each other when tables 4 and 5 are compared; when tables 5 and 6 are
compared, all but 29 out of 180 possible matches are within about an order of
magnitude of each other. Since parameter error compensation is probably pre-
sent in the calibrations, an order-of-magnitude agreement between the models
is considered very good. Agreement would probably be better if more than two-
digit convergence were used in the parameter optimizations.  With only two
digits, the optimum is approached crudely, yielding multiple "ear-optimums
dependent on the starting parameter set.

Individual parameter values may reflect only local optimums in the cali-
bration objective function (minimization of root-mean-square error of model
o"tflo"s). The physical relevance of the linear reservoir and evapotranspira-
tion parameters permits verification as empirical techniques are developed.
Admittedly, errors in individual parameters may compensate for one another in
the calibration because of the synergistic relationship among all parameters.

4.4.1 Nonuniqueness

Studies on the Lake Ontario Basin (Croley, 1982a) show that the simple
search algorithm described herein does not give unique optimums for calibrated
parameter sets because of synergistic relationships between parameters. How-
ever, the calibration procedure does show a high degree of repeatability for
recalibrations  with different starting values, and consistent parameter values
are obtained for subbasins with similar hydrologic characteristics. The non-
uniqueness of the calibrated parameter sets obtained for Lake Superior appli-
cations was determined following Sooroshian and Gupta (1983). The hypothesis
was that, if parameter sets are unique, then parameter values produced from
calibration of a synthetic data set should be identical to the parameter set
used to create that synthetic data set. The model was first calibrated to the
lumped data set (identified as L in table 3) using a l-d mass-balance computa-
tion interval. The model was then used with the calibrated parameters to
generate outflows for a meteorological data set and combined with that meteo-
rological data to create a new data set for calibration. Subsequent calibra-
tion started with a very different initial parameter set and yielded a
different optimum parameter set with a relatively poor goodness-of-fit, illus-
trating the nonuniqueness of the parameters, the importance of the starting
values used in the search, and the problems inherent in searching the para-
meter space.

4.4.2 Realism

Sooroshian and Gupta (1983) have identified three causes of problems in
determining unique and realistic parameter values through calibration: 1)
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model structure representation, 2) data and their associated measurement
errors, and 3) imperfect representation of the real world physical processes
by the model.

4.4.2.1 Model Structure Representation. Model structures that include
threshold parameters may require search algorithms unable to find the 'true'
optimum; hence, the calibration may fail to find the 'true' optimum for other
parameters. The runoff model described herein contains no threshold para-
meters; however, the Ontario versions of the model used a broken-line rela-
tionship for the determination of heat available for evapotranspiration
(Croley and Hartmann.  1983) and contain a threshold parameter, Tb, that deter-
mines the 'base' temperature at which heat becomes available for evapotran-
spiratfon.

4.4.2.2 Data/Measurement Errors. Errors associated with the measurement
of input data (e.g., precipitation, air temperature, insolation, streamflow)
will reduce the quality of parameter estimation unless those errors can be
filtered out. Also, if the data set used to calibrate the parameters does not
adequately represent the entire range of possible events, some model storages
or processes may be activated too infrequently for a meaningful parameter
determination. However. use of more data may not be the best solution;
Sooroshian et ~2. (1983) show that use of long calibration data sets is not as
important as the use of data sets with adequate hydrologic variability. The
authors suggest that the use of 'wet years' is more likely to sufficiently
activate all parameters so that realistic parameter values are obtained.
Sooroshian (1983) also cautions that, when excessively long data sets are used
for calibration, data 'noise ' interpreted as valid information may result in
'over-fitting' of the model.

4.4.2.3 Conceptual Errors. Rainfall-runoff models certainly are simpli-
fications of actual hydrologic processes. Time-invariant parameters, such as
snow albedo (used in application of the model to the Lake Ontario basin), are
unlikely to represent reality. The parameters most likely to portray water-
shed response could actually vary seasonally or trend with time because of
physical changes in the watershed, such as deforestation or urbanization.
Also, lumping of spatially distributed data to represent the entire watershed
can adversely affect parameter optimization. On the other hand, spatial
filtering can imply that data or model errors for small areas cancel each
other out as the areas are added together; this was apparent in the applica-
tion of the model to both the Lake Ontario Basin (Croley and Hartmann, 1983)
and the Lake Superior Basin here. Additionally, some components in a concep-
tual model are more likely to adequately represent their processes in the real
world than others. Sooroshian and Gupta (1983) suggest that parameter estima-
tion techniques that properly weight the more accurate parts of the model
could improve parameter estimates.

4.4.3 Objective Function/Convergence Criteria

Sooroshian (1983) reviews additional questions concerning calibration of
rainfall-runoff models, including choice of an appropriate objective function
and convergence criteria. Sooroshian et at. (1983) asserts that statistical
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measures other than root-mean-square error can result in more realistic para-
meter values and improved forecast performance even though the root-mean-
square error criteria may provide a better fit to the calibration data. Also,
parameters should be allowed to stabilize rather than depending solely on the
convergence of the objective function value (e.g.. root-mean-square error)
because parameter values may still change considerably. Parameter stabilisa-
tion to two significant digits was used,in all Large Basin Runoff Model
calibrations in lieu of convergence criteria on the objective function.

5. APPLICATION

This chapter presents application results of the Large Basin Runoff Model
for the 21 daily data sets with outflow data for the l-day and 7-d mass-
balance computation intervals and for the 25 monthly data sets for the monthly
mass-balance computation interval. Statistical summaries of the goodness-af-
fit for these 67 applications are first made with observations on natural flow
applications and spatial integration effects. Hydrographs of actual and simu-
lated weekly flow volumes are given next and problems in matching winter flow
recessions are addressed. Seasonal statistics are used to assess model defi-
ciencies and to compare with an existing climatic water balance model perfor-
mance.

5.1 Statistical Summary of Model Fits

5.1.1 Statistics

Statistical summaries for the l-d, 7-d, and monthly model applications to
Lake Superior and its subbasins are presented in tables 8, 9, and 10, respec-
tively. These summaries include mean precipitation, mean actual outflow, mean
model outflow, relative difference between outflows, standard deviation of the
actual o"tflo"s, root-mean-square error between outflows, and the correlation
coefficient (root explained variance) between outflows. The 7-d and 30-d
correlations between the l-d model and actual flows approximate weekly and
monthly correlations, respectively; these are also presented in table 8. The
28-d correlations between the 7-d model and actual flows approximate monthly
correlations and are presented in table 9. For convenience, all dimensional
units are expressed as depths over the basin. The 20 subbasins for which flow
data are available are presented by subbasin number; see figure 2. L again
represents a lumped-parameter application of the model to the entire Lake
Superior drainage basin. The results from the 20 subbasin applications are
combined and represented by S. These combined results represent a
distributed-parameter application to the entire Lake Superior drainage basin.
The statistics for S were computed by summing the actual flow from the indivi-
dual data sets of subbasins l-8, 10. and 12-22 and the model flow from the
model applications for these data sets. The summed results were extrapolated
to account for ungaged subbasins. Data sets for subbasins 9 and 11 were not
used since they contain no flow data and the model was were applied to them.
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TABLE 8 .--Lake Superior 8ubbQsin l-d model 7%?8Utt8

Sub-
basin
“0.

Mean Stand. Root-
Me** Mean l-d Rel. dev. mean-
l-d l-d model diff. of square Correlation

precip. flow flow in flO”8 error coefficient

(mm)* (mm)* bm)* mean (mm)* (mm)* l-d 7-d 30-d

1 1.98
2 2.11
3 2.35
4 2.48
5 2.24
6 2.49
7 2.42
8 2.37

10 2.48
12 2.47
13 2.59
14 2.73
15 2.51
16 2.26
17 2.36
18t 2.00
19 2.07
20 li96
21 2.24
22 2.09

L** 2.27

stt 2.27

0.74 0.73 -0.006 0.85 0.46 0.84 0.85 0.88
1.10 1.10 0.002 1.15 0.77 0.74 0.76 0.78
0.95 0.94 -0.013 1.23 0.65 0.85 0.88 0.89
1.05 1.04 -0.012 1.49 0.69 0.89 0.90 0.93
0.97 0.95 -0.018 1.12 0.67 0.80 0.86 0.91
1.39 1.35 -0.028 2.58 1.18 0.89 0.93 0.96
1.10 1.09 -0.009 1.22 0.57 0.88 0.92 0.95
1.22 1.24 0.012 0.56 0.51 0.44 0.50 0.59
1.17 1.16 -0.004 1.17 0.47 0.92 0.93 0.95
1.48 1.52 0.027 2.17 0.96 0.90 0.91 0.94
1.24 1.23 -0.010 0.54 0.48 0.48 0.57 0.62
1.14 1.15 0.006 0.61 0.40 0.75 0.77 0.79
0.99 0.95 -0.040 0.97 0.47 0.88 0.86 0.88
1.05 1.09 0.036 1.39 0.55 0.92 0.94 0.96
1.04 1.06 0.018 1.15 0.54 0.88 0.89 0.91
0.82 0.82 -0.004 1.19 0.66 0.83 0.89 0.89
1.20 1.18 -0.015 0.36 0.31 0.53 0.57 0.61
0.78 0.81 0.034 0.76 0.37 0.88 0.89 0.90
0.79 0.80 0.004 0.55 0.40 0.68 0.69 0.70
0.95 1.00 0.053 1.41 0.79 0.83 0.84 0.89

1.06 1.06

1.06 1.06

0.001

0.002

0.63 0.27

0.62 0.25

0.90

0.92

0.91

0.93

0.93

0.93

*Equivalent depth over basin.

tFlow data available for 4.2 yrs (2.5 yrs used for calibration, 1.7 yrs used
for initialization) ending December 31, 1978.

**Entire Lake Superior Basin.

ttCombined results from the 20 subbasin applications (l-8, 20, 12-22).
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TABLE 9.--Lake Superior subbasin 7-d model results

Mean Root-
Mean Mean 7-d Rel. Stand. mean-

Sub- 7-d 7-d model diff. dev. of square Correlation

basin flow I" flows erro; coefficient
*"0.

precip. flow*
(cm) (cm) (cm) * mean (cm) (cm) 7-d 28-d

1 1.39
2 1.48
3 1.65
4 1.73
5 1.57
6 1.74
7 1.70
8 1.66
10 1.73
12 1.73
13 1.81
14 1.91
15 1.76
16 1.58
17 1.65
18t 1.40
19 1.45
20 1.37
21 1.57
22 1.46

L** 1.59

stt 1.59

0.52 0.51 -0.016 0.56 0.31 0.83 0.84
0.77 0.75 -0.031 0.74 0.48 0.76 0.77
0.67 0.68 0.012 0.77 0.46 0.80 0.86
0.74 0.72 -0.026 0.97 0.45 0.89 0.93
0.68 0.67 -0.006 0.72 0.40 0.83 0.89
0.97 0.95 -0.021 1.63 0.66 0.92 0.96
0.77 0.76 -0.008 0.80 0.36 0.89 0.93
0.85 0.84 -0.016 0.35 0.33 0.32 0.37
0.82 0.80 -0.020 0.81 0.30 0.93 0.95
1.04 1.06 0.023 1.44 0.62 0.90 0.93
0.87 0.86 -0.010 0.32 0.26 0.59 0.64
0.80 0.79 -0.015 0.41 0.28 0.74 0.74
0.70 0.67 -0.035 0.67 0.32 0.88 0.88
0.74 0.78 0.063 0.93 0.37 0.92 0.95
0.73 0.75 0.035 0.78 0.37 0.88 0.90
0.58 0.58 0.003 0.74 0.35 0.88 0.90
0.84 0.84 -0.005 0.24 0.19 0.62 0.64
0.55 0.58 0.051 0.52 0.24 0.89 0.90
0.55 0.56 0.009 0.36 0.26 0.68 0.67
0.67 0.66 -0.014 0.91 0.50 0.84 0.88

0.74

0.74

0.75

0.74

0.016 0.43 0.19 0.89

0.000 0.42 0.16 0.93

0.91

0.94

*Equivalent depth over basin.

tFlow data available for 4.2 yrs (2.5 yrs used for calibration, 1.7 yrs
for initialization) ending December 31, 1978.

**Entire Lake Superior Basin.

ttcombined results from the 20 subbasin applications (l-8, 10, 12-22).

used
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TABLE lO.--Lake  Superior subbasin monthly model results  (nmthty data)

Sub-
basin
“0.

Mean Root-
Mean Mean monthly Rel. Stand. mean-
monthly monthly model diff. dev. of square
precip.
(cd

flow*
(cd

flow* I” flO”8 Correlation
(cm) (cm)

* erro:mean (cm) coefficie”t

1

:
4
5
6
7
8
10
12
13
14
15t
16
17
18**
19
20
21
22

6.03 2.25 2.28 0.012 1.85 1.13 0.80
6.43 3.35 3.21 -0.041 2.39 1.63 0.74
7.16 2.91 2.91 -0.001 2.52 1.45 0.82
7.56 3.20 3.16 -0.014 3.24 2.15 0.75
6.83 2.96 2.88 -0.027 2.34 1.69 0.69
7.60 4.23 3.97 -0.062 5.14 2.19 0.91
7.38 3.36 3.34 -0.007 2.72 1.44 0.85
7.22 3.72 3.72 0.002 1.30 1.08 0.56
7.54 3.56 3.56 -0.002 2.98 1.14 0.92
7.53 4.53 4.52 -0.002 4.93 2.12 0.90
7.89 3.78 3.76 -0.005 1.25 0.91 0.71
8.33 3.49 3.43 -0.018 1.52 1.12 0.69
7.64 3.13 3.11 -0.007 2.72 1.20 0.90
6.91 3.21 3.18 -0.008 3.30 1.09 0.94
7.21 3.17 3.23 0.019 2.88 1.20 0.91
6.08 2.51 2.47 -0.018 2.65 1.72 0.76
6.30 3.65 3.68 0.008 0.98 0.77 0.63
5.98 2.39 2.38 -0.005 2.04 0.92 0.89
6.81 2.42 2.44 0.008 1.32 1.04 0.62
6.37 2.90 3.04 0.047 3.30 1.86 0.83

Ltt 6.91 3.23 3.23
LEN 7.07 3.13 3.14
LC 6.84 3.27 3.26
LCEN 7.07 3.10 3.14
LU 7.07 3.15 3.14

s*t 6.91 3.24 3.23

-0.003
0.004

-0.002
0.013

-0.004

-0.001

1.60 0.88 0.84
2.00 1.07 0.85
1.40 0.67 0.88
1.98 0.89 0.89
2.35 1.26 0.84

1.59 0.70 0.90

*Equivalent depth over basin.

tFlow data available for 8.3 yrs (6.6 yrs used for calibration. 1.7 yrs used
for initialisation)  beginning December 1, 1969.

**Flow data available for 4.2 yrs (2.5 yrs used for calibration, 1.7 yrs used
forinitialization) ending December 31, 1978.

ttL = Entire Lake Superior Basin.
LEN = Entire Lake Superior Basin excluding the Lake Nipigon subbasin.
LC - Entire Canadian portion of the Lake Superior Basin.
LCEN = Entire Canadian portion of the Lake Superior Basin excluding the Lake

Nipigon subbasin.
LU = Entire United States portion of the Lake Superior Basin.

*tCombined results from the 20 subbasin applications (l-8, 10, 12-22).
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5.1.2 Natural Basins

The root-mean-square error and correlation for these model applications
allow several comparisons to be made. The model performs noticeably better
for subbasins with natural flow only since diversions and regulations of flows
are not represented in the model. Flows from subbasins 10 and 16 are both
unaffected by man and yield the best model fits among all subbasins for all
three models (l-d, 7-d, and monthly). In contrast, goodness-of-fit values are
not as good for subbasins 1, 8, and 19. Flow from subbasin 1 is somewhat
affected by extensive iron mining activities in the basin. Flow regulations
in subbasin 8 result in frequent changes of outflow amounting to over two
orders of magnitude in a single day; this prohibits effective calibration.
The Ogoki diversion and regulation of outflow from Lake Nipigon for hydropower
purposes both affect subbasin 19.

5.1.3 Spatial Integration Effects

Spatial integration effects tend to cancel model errors for small areas
when the areas are added together; the entire-basin models perform as well or
better than the subbasin models.

The distributed-parameter model shows better correlation and root-mean-
square error than the lumped-parameter model, undoubtedly because of the use
of more information for the distributed-parameter applications, which is then
lost in the spatial integration of data by the lumped-parameter model. Even
80, the improvement in model performance is not striking and the distributed-
parameter model costs about 20 times as much to u8e as the lumped-parameter
model.

5.1.4 Monthly Lumped Models

The monthly model was applied to five lumped data sets to correspond,
respectively, to the entire Lake Superior Basin (L), the entire Lake Superior
Basin excluding the Lake Nipigon subbasin (LEN), the entire Canadian portion
of the Lake Superior Basin (LC), the entire Canadian portion of the Lake
Superior Basi" excluding the Lake Nipigon subbasin (LCEN), and the entire
United States portion of the Lake Superior Basin (LU). Entire basin applica-
tions include sizeable 'unnatural ' flows reflecting diversions and regulations
throughout the basin. The largest single cause of this 'unnaturalness' is the
diversion and regulation of flows through Lake Nipigon, which drain8 almost 20
percent of the entire Lake Superior Basin. Model performance does not signi-
ficantly improve, however, when the Lake Nipigon subbasin (subbasin 19) is
excluded from the lumped applications in table 10. This suggests that Lake
Nipigon diversions and regulation8 do not significantly alter the character of
entire-basin flows over an extended time period. However, for short periods
(e.g., 1 month) control of Lake Nipigon flows may substantially affect entire-
basin flows. Also, model performance improved 8ignificantly  when only the
Canadian portion of the entire Lake Superior Basin was modeled. Flows in the
United States portion of the basin are generally subject to more human
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influence, which is not represented in the model, than are those in the
Canadian portion of the basin.

5.2 Hydrograph COmpariSOn8

Figure 5 shows the actual and modeled hydrographs (weekly flow volumes)
of the entire Lake Superior Basin for 1971-78; it represents the distributed-
parameter (S) application. Plots similar to figure 5 for the 7-d model appli-
cation to each of the subbasins are included in appendix J. The model
produces an obvious recession of winter flOW8, although actual flows are more
constant during winter for the entire Lake Superior Basin. This discrepancy
probably results from the regulation of winter flows that the model cannot
represent. For most subbasins in which flow is natural (unregulated), actual
flows also recede in winter; see, for example, the hydrographs for subbasins
10, 12, 16, and 20. Subbasins in which flow is somewhat regulated may show
actual winter recessions. The model generally performs well for these sub-
basins and it is presumed that the flow regulations do not significantly
interfere with parameter calibration for these subbasins; see, for example,
the hydrographs for subbasins 15, 17, and 22. In other subbasins, that
experience highly variable flows because of regulation, actual flows do not
recede in winter. The model does not perform well for these subbasins, and it
is presumed that regulations of their flows prevent accurate parameter cali-
bration for them; see, for example, the hydrographs for subbasins 8 and 19.

Year
1976 1977 1976

FIGURE 5.--Seven-day  distributed-parameter model fit to Lake Superior Ba8in.
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Additionally, this discrepancy in winter recessions may result from
freezing of bogs and swamps, which inhibits the surface and interflow supply
of water, but 18 not reflected in the model. Flow may drop to a level sus-
tainable by groundwater flow and snowmelt owing to ground heat conduction. In
comparison to summer, little water is being used in evapotranspiration. In
addition, swampy areas tend to supply groundwater for evapotranspiration. As
a result, groundwater is able to sustain a level of flow without showing clear
recessions.

5.3 Seasonal Statistics

Model strengths and weaknesses are highlighted by monthly statistics for
the l-d model applied to the entire Lake Superior Rasin on a distributed-
parameter basis; see tables 11 and 12. The daily flow volumes (both actual
and model) are summed for each month in the data period. The monthly devia-
tions are presented in table 11 as model flow minus actual flow, expressed in
centimeters over the basin. Large deviations result from the inclu8ion of
Ogoki diversions in the flow from Lake Nipigon into Lake Superior. Statistics
computed for each month of the year are summarized in table 12 and enable com-
parisons with other basin-wide runoff models. Model fits are good for all
months except March.

The poor model fit for March is probably due, at least in part, to large
deviations between actual and model flows for that month in 1977 when flow
regulation from Lake Nipigon (in subbasin  19) wan significant. Also, the
lower correlation in March reflect8 recognized model deficiencies regarding
snowmelt. Inspection of figure 5 and its companion plots in appendix J sug-
gests that the model handles the timing of snowmelt  runoff adequately. Major
snowmelt  generally begins sometime between the second week of March and the
second week of April for southern Lake Superior subbasins and between the end
of April and the beginning of June for northern Lake Superior subbasins.
However, the hydrograph plots and remotely-sensed snow-water equivalents
(discussed subsequently) suggest that the model overestimates snowmelt vol-
umes. Improvement of March flow modeling depends upon improved conceptual
accounting of snowpack conditions; this appears unlikely without the use of
more data than is presently available (daily air temperatures and precipita-
tion and midmonthly insolation).

Attempt8 to describe snow accumulation and ablation in more detail within
the Large Basin Runoff Model did not improve its performance. Incorporation
of sublimation into the model removes water from the snowpack, so less water
is available to produce outflow. When this approach was tested, the model
showed that almost no water was stored in the snowpack all winter, which is
unlikely for any subbasins about Lake Superior; the root-mean-square error and
correlation coefficient between actual and model outflow volumes did not
improve. A more sophisticated degree-day approach using melting degree-day8
and freezing degree-days, along with considerations of a snow quality thresh-
old for runoff, was tested, but did not improve the root-mean-square error or
the correlation coefficient between actual and model outflows. (See appendix
A.)

34



TABLE Il.--Lake Superior monthly deviatias  for l-d model’

Year Jan. Feb. Mar. Apr. M*Y June July Aue. Sent. Oct. Nov. Dec.

1971 -0.03 0.08 -0.52 -0.23

1972 -0.45 -0.66 -0.78 -0.31 -1.16 0.24 -0.20 -0.95 -0.42 -0.40 -0.29 -0.05

1973 -0.12 -0.16 0.30 -0.48 -1.33 -0.02 -0.17 -0.47 -0.44 -0.28 -0.13 0.09

1974 -0.10 -0.33 -0.07 -0.55 -1.14 -1.42 -0.66 -0.05 0.00 -0.34 0.01 -0.14

1975 -0.62 -0.61 -0.39 -1.12 0.15 -0.22 -0.21 0.08 0.66 0.53 1.00 0.29
%

1976 -0.12 -0.14 -0.02 -1.74 0.44 0.82 0.44 0.31 0.29 0.41 0.25 0.20

1977 0.27 0.20 2.22 1.13 0.97 0.62 0.52 0.79 -0.23 -0.63 -0.59 -0.07

1978 -0.20 -0.31 -0.16 -0.15 -0.14 -0.80 -0.50 0.09 0.14 0.37 -0.07 -0.52

*Model flow volume minus actual flow volume, expressed as equivalent depth over the basin area in
centimeters.



TABLE 12.--Lake Superior monthly statistics for l-d model

Month
Mean (cm)* Mean (cm)* STDV (cm)t STDV (cmjt
(actual) (model) (actual) (model) RMSE (cm)** Corr.

Jan. 2.20 2.00 0.54 0.31 0.32 0.95
Feb. 1.92 1.63 0.44 0.22 0.40 0.88
Mar. 2.64 2.80 0.58 1.05 0.91 0.52
Apr. 5.77 5.31 1.50 1.18 0.94 0.84
M*Y 6.07 5.76 1.72 1.19 0.89 0.90
June 3.70 3.59 1.01 0.44 0.74 0.77
July 2.76 2.64 0.54 0.22 0.42 0.72
Aug. 2.56 2.53 0.87 0.49 0.52 0.86
Sept. 2.72 2.72 1.05 0.89 0.35 0.95
Oct. 3.05 3.01 1.02 0.69 0.41 0.96
Nov. 3.14 3.09 1.03 0.84 0.47 0.89
DEC. 2.49 2.44 0.59 0.57 0.25 0.91

*Equivalent depth over basin.

tStandard deviation (equivalent depth over basin).

**Root-mean-square error (equivalent depth over basin).

5.4 Comparison with Other Modeling Approaches

5.4.1 Climatic Water Balance Model

Monthly statistics for the monthly model applied to the entire Lake
Superior Basin on a distributed-parameter basis allow fair comparison with
other basin-wide runoff models that use monthly meteorological data. One such
model currently in use (to provide runoff and soil moisture outlooks) is the
climatic water balance model described by Quinn and Croley (1983); it uses the
Thornwaite procedure to estimate evapotranspiration  and a tank-cascade concept
for runoff and soil moisture accounting. Table 13 shows monthly statistics
for both the Large Basin Runoff Model and the climatic water balance model.
The Large Basin Runoff Model produce8 substantially better model fits for most
months. Some differences between model statistics are due to the different
periods used for the model applications. However, both applications encompass
the known significant Lake Nipigon flow manipulations.

5.4.2 Climatology

Climatological  analysis represents a "minimum model" or "no model"
approach to characterizing basin runoff and thus suggests a minimum acceptable
predictive capability for any model applied to the Lake Superior Basin. The
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TABLE 13.--Lake Superior monthly  statistics for monthly V&818*

Month
Mean (cm)' Mean (cmjt STDV (cm)** STDV (cm)**
(actual) (model) (actual) (model) RMSE (cmjtt Corr.

Jan. 2.20 (2.31) 2.27 (2.25) 0.54 (0.51) 0.22 (0.45) 0.34 (0.32) 0.97 (0.78)
Feb. 1.92 (2.06) 1.91 (1.93) 0.44 (0.45) 0.19 (0.26) 0.26 (0.32) 0.96 (0.70)
MaIT. 2.64 (2.64) 2.21 (2.57) 0.58 (0.58) 0.60 (0.77) 0.56 (0.64) 0.82 (0.00)
Apr. 5.77 (6.30) 4.90 (6.49) 1.50 (1.61) 1.49 (1.16) 1.45 (1.03) 0.70 (0.77)
M*Y 6.07 (6.36) 5.97 (6.30) 1.72 (1.99) 1.08 (1.41) 0.87 (1.16) 0.91 (0.81)
June 3.70 (4.05) 3.83 (4.11) 1.02 (1.22) 0.57 (0.96) 0.64 (0.64) 0.84 (0.85)
July 2.76 (2.89) 2.79 (2.96) 0.54 (0.90) 0.25 (0.77) 0.33 (0.51) 0.90 (0.82)
Aug. 2.57 (2.51) 2.59 (2.57) 0.88 (0.77) 0.24 (0.51) 0.76 (0.58) 0.60 (0.66)
Sept. 2.73 (2.70) 2.80 (2.64) 1.05 (0.90) 0.43 (1.16) 0.66 (0.45) 0.95 (0.87)

w Oct. 3.05 (3.21) 3.14 (3.15) 1.02 (0.96) 0.46 (1.54) 0.71 (0.90) 0.80 (0.36)
-4 Nov. 3.14 (3.21) 2.87 (3.47) 1.02 (0.96) 0.38 (1.03) 0.82 (0.58) 0.76 (0.80)

Dec. 2.50 (2.57) 2.48 (2.57) 0.59 (0.64) 0.26 (0.58) 0.39 (0.32) 0.86 (0.87)

*Value8 in parentheses  adapted from climatic water balance model of @in* **d CrnleY (1983) applied
over the period 1968-80.

tEq"ivalent depth over basin.

**Standard deviation (equivalent depth over basin).

ttR"ot-mean-square  error (equivalent depth over basin).



time series of flow for the basin is used to compute the mean flow for each
interval in the year. Each mean is then considered as a predictor (estimator)
of flow for the appropriate intervals in the same time series. Table 14 pre-
sents an analysis of the Lake Superior Basin climatology for daily, weekly,
and monthly time periods and can be compared to the l-d, 7-d, and monthly
model results, respectively, for the entire Lake Superior Basin applications
(L and S in tables 8, 9, and 10, respectively). The Large Basin Runoff Model
is substantially better than the simple climatological  approach (as measured
by root-mean-square error and correlation) on a daily and weekly basis; it is
also better on a monthly basis, but by a smaller margin.

6. NET BASIN SUPPLY FORBCASTS

Probabilistic outlooks of accumulated net basin supply to Lake Superior
(basin runoff plus lake precipitation minus lake evaporation) for several
forecast lengths are required for use in the Lake Superior regulation plan.
To assess the capability and use of the Large Basin Runoff Model in making
such forecasts, a probabilistic outlook was generated for the period March
15-September 30, 1983. This period is of critical interest since large,
variable snowpack accumulations usually precede it, and can greatly affect
runoff timing and volume. First, a procedure for generating a probabilistic
outlook is described in detail. The use of available mean real-time data to
extend the data set to the beginning of the forecast period is then explained
and the representation of basin meteorology with few stations is addressed.
Initialization of model storages on the beginning of the forecast period is
described and the sensitivity of the model to initial storages is analyzed.
A 6-month probabilistic outlook of net basin supply to Lake Superior is

TABLE 14.--Lake Superior Basin climtological  analysis*

Mean Std. De". Mean Std. Dev.
Predictort Predictor Flowt Flow

Interval (cm)** (cm)** ** **(cm) (cm) RMSEtt(cm) COlT.

Daily 0.11 0.05 0.11 0.07 0.04 0.77
Weekly 0.77 0.35 0.77 0.44 0.27 0.79
Monthly 3.35 1.35 3.35 1.66 0.97 0.81

*Used data set beginning December 1, 1969, and ending December 31, 1978.

tMean predictor and mean flow computed from the same time series and con-
sequently identical.

**Equivalent depth over basin.

ttRoot-mean-square  error (equivalent depth over basin).
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presented, and improvements in the forecasting procedure to compensate for
interbasin diversions are suggested.

6.1 Probabilistic Extensions

6.1.1 Procedure

The 5-percent, 50-percent, and 95-percent exceedance quantiles of accumu-
lated net basin supply to Lake Superior (basin runoff plus lake precipitation
minus lake evaporation) for several forecast length8 are required for use in
the Lake Superior regulation plan. A probabilistic extension estimation pro-
cedure is used; termed Extended Streamflow Prediction (ESP), it is similar to
the procedure use by the National Weather Service and other agencies. The
runoff model is first initialised to correspond to the present state in the
field by setting soil moisture, base storage, and snowpack to correspond to
the present conditions within the basin. The historical meteorological data
then are used to compute runoff with the model for the portion of each year of
record that matches the forecast period. Model runoff, lake precipitation,
and lake evaporation for the same periods are combined to compute net basin
supply time series for the period of interest. Each net basin supply time
series is accumulated over n months (for ultimately determining the lake level
n month8 into the future) and the years of record are sorted from smallest to
largest based on the n-month accumulated net basin supply. This is then
repeated for successively larger n-month periods; n = 1, . . . . 6 is used here.
The n-month order statistic8 are thus obtained based upon the n-month accumu-
lated net basin supply for the first n months. This produces a narrower, more
realistic bracketing of extremes than approaches that use nth month (i.e.,
nonaccumulated) net basin supplies. Quantile probabilities are given by the
order number and a suitable plotting position formula, in this case the
California Method, which is characterized as being unbiased with no special
considerations for extreme events (Adamowski,  1981). These probabilities
represent the nonexceedance  probabilities, and their complements represent the
exceedance probabilities. The quantiles of interest can then be identified
for each n-month period and used in lake-level CalCUlatfOn8.

6.1.2 User's Guide to Model in ESP Setting

The lumped-parameter application of the GLERL Large Basin Runoff Model to
the Lake Superior Basin for purposes of generating probabilistic extensions of
net basin supply for forecast purposes is documented in appendices C and K-N.
Appendix K contains a nource code listing of the Large Basin Runoff Model
adapted for use in an ESP setting, with daily meteorological data (the file
called WATESP) and a short explanation of its use. Appendix C contain8 a par-
tial listing of an example daily hydrometeorological data set (the file called
DATA). Appendix L contains a complete listing of monthly lake evaporation/
condensation for Lake Superior (the file called ZSEVAP). Appendix M contains
an example calibrated parameter set (the file called PARME); the files DATA,
ZSEVAP, and PARMB are for input to the ESP package. Appendix N contain8
example model output (the file called STAT) and consists of tables of net
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basin supply ordered from smallest to largest; one table is included for each
forecast length from April 1983: 1, 2, 3, . . ., 6 month forecasts. The
tables list the basin runoff, lake precipitation, and lake evaporation/ con-
densation for each year of record. The information in appendix N can be used
to estimate lake levels under different management strategies as an aid in
determining the most effective regulations of Lake Superior lake levels.

Appendix K also contains a version of the model that uses monthly
mt?teorological data to generate net basin supply forecasts (the file called
MLESP). Appendix C contains an example monthly hydrometeorological data set
(the file called MDATA) for use with this model version. No example use of
the monthly ESP procedure is provided in the appendices since its use is simi-
lar to the use of WATESP in appendix K.

6.2 Data Set Extension

6.2.1 Extension Procedure

To use the Large Basin Runoff Model for forecasting, it is necessary to
acquire meteorological data on a near real-time basis. To illustrate the use
of the model in near real time, we used existing data linkages to prepare the
March 15-September 30 outlook in the latter part of March 1983. The Lake
Superior data set, described in the preceding sections, extends through
December 1978. We incorporated meteorological data through July 1982
(Canadian stations) and December 1982 (United States stations) from the pub-
lished records for selected stations for which unpublished provisional data
through March 15, 1983 was also available. The U.S. Army Corps of Engineers,
Detroit District, and the National Weather Service indicated that, presently,
only seven meteorological stations offered practical near real-time data
collection (l- or 2-week delay); four were United States and three were
Canadian stations. These stations are listed in table 15. The three Canadian
stations are not part of the original 54-station network. The data set for
the period January 1, 1979, through March 15, 1983, is based on the stations
in table 15; the data from January 1, 1983, through March 15, 1983, is provi-
sional and not yet published by the collecting agencies. For this portion of
the data set, the Thiessen weights are determined based only on these seven
st*t10*s. However, there are questions about the adequacy of using so few
stations to represent meteorological conditions for the entire Lake Superior
Basin.

6.2.2 Meteorological Network Assessment

In regard to the question of adequate coverage, the existing meteoro-
logical station network was evaluated with a simple assessment of the number
of gages and the useful information gained from them. Questions of data
transmittal, timeliness, and gage location are not addressed. The evaluation
consisted of examining the existing climatological data base on the Lake
Superior Basin and applying the Large Basin Runoff Model to subsets of this
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TABLE 15.--Near real-time meteorological stations a Lake Superior Basin

Statio” Station number*

Duluth 212248

Houghton 203908

Marquette 205184

Sault Ste. Marie 207366

Geraldton 6042715

Thunder Bay A 6048261

Wawa A 6059D09

*United States stations (six-digit stations)
and Canadian stations (seven-digit numbers).

data base. Since the model uses only daily precipitation and air tempera-
tures, assessment of the usefulness of wind and humidity data is not made.

The general approach is as follows. All 54 stations were first con-
sidered to determine Thiessen weight8 by using a grid-square (1 km2 resolu-
tion) weighting program. One station was eliminated since it represented less
than 0.1 percent of the area. The remaining 53 station records were combined
by weighting them accordingly to build a whole-basin data set consisting of
daily precipitation and daily minimum and maximum air temperatures. The Large
Basin Runoff Model was then calibrated with this data set. Then, the 10 sta-
tions with the smallest areas of representation (smallest Thiessen weights)
were eliminated to identify 43 stations. The Thiessen weights were recomputed
from this subset, and the model application was repeated. This process of
elimination, computation of Thiessen weights, and model application was re-
peated to look at successively smaller subsets of available stations. Data
sets containing 53, 43, 33, 23, 13, 10, 9, 8. 7, and 6 meteorological stations
were analyzed. In addition, two stations were added to the lo-station data
set (Sault Ste. Marie Weather Service Office and Meadowlands 9 S, both in the
United States) to give subjectively assessed uniform coverage. This data 8et
was also analyzed. Basin maps showing the locations of stations for each of
the successively smaller subsets are presented elsewhere (Croley, 1983a).
Thiessen weights for all data sets are summarized in table 16.
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TABLE 16.--Data netiork assessment Thiessen  weights on Luke Superior Basin

Networks and associated station welqhts

Number' thm 54 43 33 23 13 12 10 9 8 7 6

6059409 WWF,
6040020 Abltlbl  Camp 230
6040572 Beardmore
6040325 Armstrong Alrport
6044959 Marathon
6061358 Chapleau
6045675 Nolalu
6044903 Manitouwad  e
6041109 Cameron Fa9 Is
6041193 Caramat
6042067 Dorlon TCPL 70
207366 Sault ste. Marie wsot
200718 Bergland Dam
214068 Isabella 1 W
213921 Hoyt Lakes 5 N
208920
203908

Whlteflsh PO&t
Houghton FAA Airport

211840 Cotton 3 E
200485 Baraga 5 WNW
470349 Ashland Experiment Farm
213282 Grand Marais
2 15298 Meadowlands 9 S
216419 Two Harbors
204328 Kenton
213296 Grand Portage R S
206043 Tahauamenon  Falls State

213730
213417
205816
204104
476772
208680
212248
475266
472889
472240
200770
203319
201464
200089
203744
211630
478349
477092
473332
477892
205178
205690
204127
217460
201439
215598
207515

P&k
Hlbblng FM** Airport
Gunfllnt Lake 10 NW
Newberry State Hospital
Ironwood
Port Wing 2 E
watersmeat
Duluth WSOt AIrport
Mellen 4 NE
Foxboro
Drummond
Blg Bay 1 S
Grand Marals 1 SE
Chathsm Exp. Farm
Alberta Ford For Center
Herman
ctcquet
Superior
Rat Lake
Gurney
Solon springs
Marquette
Munlslng
lshpemlng
Sandy Lake Dam Libby
Champion Van Riper Park 0.1
Moose Lake 1 SSE 0.1
Seney  Natl. Wildlife^ _ ^ *

202298
w3ruge

Dunbar Forest Exp. Sta. ;;:A

9.8
8.7
7;1
6.7
5.5
4.5

2:
3:6

:::

2:
1.7
1.6

I::
1.4
1.3

1::

1.;
1:2
1.2

1.2

I::
1.1

1-i
1:o

E
0:7
0.7
0 . 7
0.6
0.6
0.6
0.6

9.8
8.7

2:
5.5
4.5
4.3

:-z
3:5
3.5

2;

1-z
1:6
1.4
1.4
1.3

1::
1.4
1.2

1:;

1.2

1:;

1::

1-Y
0:s
1.2

E
1:2
0.7

i::

2:
0:s

9.8
::
6:7
5.5
4.5
4.3

::i

2:

Z
1.7
1.6
1.6

1:;
2.0
3.0
1.3
2.9
2.6
2.1
1.2

I.2

1::
1.7
1.5

1.2

1.3

1.3

9.8
8.7

2:

:::
7.1
3.7
3.6

::2

::"9
2.4
1.7
2.1

2.4
5.1
4.5

:*i
2:1

3.3

14.4
8 . 7
7.1
6.7
5.6
6.6
a.5

2:

3.6

5.0

10.0
11.7
10.4
6.7
5.7
4.6

;::

6.6

15.1
11.7
11.3
6.7

6.0

1:::

15.1
14.1
15.6

6.8

7.1 10.2 10.4 10.4 10.4 10.4 11.2
15.6 8.0 17.3 17.3 17.3 17.3 19.6

9.3

*United  States statlons(slx-dlglt  numbers) and Canadian statlons  (seven-dlgit nunbers).

tWeather Service Offlce.

**Federal Aeronautics Admlnlstratlon.
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The length of record considered in the data set was 3,318 days from
December 1, 1969, through December 31, 1978, and the first 630 days were used
for initialization. The model parameters are summarized in table 17. The
goodness-of-fit summary is presented in table 18 and plotted in figure 6.
Inspection of figure 6 reveals that there is little information lost between
the 53- and the 23-station data sets when using the model to estimate weekly
runoff volumes. The explained variance of basin runoff is about 82 percent
(correlation = 0.91) for the 53, 43, 33, and 23 station data sets. As the
number of stations drops to 6,
cent (correlation - 0.88).

the explained variance drops to about 78 per-
It appears that between 20 and 30 stations are

adequate for “se with this model; they should be selected in accordance with
the above procedures as used In this simple study. Even the use of as few as
6 to 10 index stations results in useful modeling with between 78 percent and
80 percent explained variance. Inspection of table 17 reveals that the cali-
brated values of the model parameters are largely unaffected as long as about
the 20 to 30 largest-area stations are used. Thus, ancillary model calcula-
tions of moisture storage in each of the soil and surface zones should be
approximately the same.

It is important to note that most of the meteorological stations that
were eliminated in the successively smaller subsets of this study were based
in the United States. Thus, It is difficult to assess how much more infor-
mation would be useful if stations were added In the Canadian portion of the
basin. Since the coverage is sparse there, it seems likely that the addition
of a few stations in Canada would result in modeling improvements.

TABLE 17.--Data netiork  assessment i'-d*modet parameters for
Lake Superior Basin

No. Upper Deep Lower Surface
of Melt Perco- zone Inter- perco- .Z0*e Ground- storage
met. Tb constant lation eva flow lation eva
sta. (“C) (m3/“C-d) (d-1) !i’

water outflow
cm- 1 (d-l) (d-l) !?cm- ) (d-l) (d-l)

53
43
33
23
13
12
10
9
0
7
6

1.7 30e+7 27.~1 0 45e-4 9e-3 lOe-5 3&r-4 15e-2
1.7 31e+7 26~1 0 44e-4 9e-3 lie-5 37e-4 13e-2
1.7 30e+7 25e-1 0 44e-4 9e-3 15e-5 38e-4 14e-2
1.7 31e+7 27e-1 0 42e-4 9e-3 22e-5 37e-4 14~2
1.7 34e+7 30e-1 0 39.6-4 8e-3 30e-5 33e-4 14e-2
1.6 31e+7 30e-1 0 38~4 8e-3 33e-5 34e-4 16e-2
1.7 34e+7 32~1 0 41e-4 8e-3 29e-5 30e-4 15e-2
1.7 35e+7 32e-1 0 39e-4 8e-3 38e-5 32e-4 141~2
1.7 34e+7 32e-1 0 37e-4 8e-3 38e-5 30e-4 14e-2
1.7 37e+7 34e-1 0 35e-4 8e-3 33e-5 26e-4 13~2
1.7 35&7 34e-1 0 37e-4 8e-3 35e-5 25e-4 14e-2

*Applications made to each data set with 3,318 days beginning December 1, 1969,
ending December 31, 1978; with the first 630 days used for initialization.
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TABLE 18.--D&z netirk a8sesement goodness-of-fit SumnaP?!
for Lake Superior Basin

No of meterol.
stations

Root-mean-

sq"are *error
(cm)

Explained
variance

53 0.168 0.822
43 0.169 0.820
33 0.168 0.822
23 0.171 0.815
13 0.178 0.802
12 0.180 0.798
10 0.180 0.797
9 0.179 0.798
8 0.184 0.787
7 0.187 0.780
6 0.189 0.776

*Equivalent depth over basin.

FIGURE 6.-.-Data netwopk  assessment goodness-of-fit for Lake

0 20 40 60
1 0.78

Number of Meteorological  Stations

Basin.
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It appears that the use of data from the seven stations listed in table
15 to extend the data set through March 15 is reasonable. Parameter deter-
mination, however, remains based on the 54-station record.

6.3 Initialization of Tank Storages

6.3.1 Estimation of Initial Values

Initial values of the storages in each of the tanks (see fig. 1) are
required for use of the runoff model in an ESP setting. If there are suf-
ficient field data available describing soil and groundwater moisture contents
on the beginning day of the outlook simulations, then it is possible to deter-
mine initial values from this data. Since sufficient data on soil moisture
are not presently available in near real-time for the Lake Superior Basin, the
initial tank storages must be estimated in another fashion. By using the
model with an input data set for a sufficiently long period, up to the begin-
ning day for the outlook simulations, the tank storages on the last day of the
data set (first day for the outlook simulations) may be computed. These
values are then used as the initial values for the ESP procedure. The model
was run with a 14-year record up to March 15, 1983, to establish initial tank
storages for use in the ESP procedure; the initial tank storages were deter-
mined as follows: 0.00 cm (upper soil zone), 6.43 cm (lower soil zone) 13.10
cm (groundwater zone), and 1.02 cm (surface storage).

6.3.2 Sensitivity to Initial Soil Moisture

Before these initial tank storages can be used, however, some idea of
model sensitivity to the initial conditions Is required. Errors in the esti-
mation of initial conditions can then be assessed for their impact on calcu-
lated values of basin runoff. This sensitivity was looked at by using the
runoff model with three different sets of initial tank storages and with 30
years of meteorological data broken into thirty 6.5-month  time periods, each
beginning March 15 (chosen to coincide with the desired forecast period to be
used subsequently). The initial tank storages were taken from prior model
runs to correspond with March 15 conditions for the minimum, maximum, and
average total soil moisture. Total soil moisture is defined as the sum of the
four tanks: upper soil zone, lower soil zone, groundwater zone, and surface
storage zone. The minimum total soil moisture was 16.00 cm, the average was
18.14 cm, and the maximum was 22.00 cm. The distribution of the total between
tanks was assumed to be identical to that observed in the model for the year
during which both the minimum and maximum occurred. For the average, the
average values of each tank storage on March 15 were used. Initial snow-water
equivalent was set at 10.33 cm, consistent with the aerial gamma survey for
March 15, 1983, discussed subsequently. The runoff totals for the first
month, first 2 months, . . . . first 6 months were ordered from smallest to
largest and the number 1 ranked (smallest), 15th ranked (median), and 30th
ranked (largest) basin runoff volumes are presented in table 19 for each
period for each set of initial conditions for the entire Lake Superior Basin.
Runoff is expressed as equivalent depth over the basin.
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TABLE lg.--Lake Superior Basin runoff as a function of initial soil moisture*

Rank
(1 to 30)

Minimum record
soil moisture

(16 cm)

Average record
soil moisture

(18.14 cm)

April totals (cm)

Maximum record
soil moisture

(22 cm)

1 2.64 2.89 3.30
15 4.26 4.53 4.92
30 5.39 5.64 6.04

April-May totals (cm)

1 7.14
15 8.72
30 11.00

7.60
9.20

11.49

April-June totals (cm)

8.30
9.89

12.16

1 10.37
15 12.54
30 15.50

10.99
13.21
16.18

April-July totals (cm)

11.96
14.13
17.10

1
15
30

12.72
15.37
19.06

13.46
16.12
19.89

April-August totals (cm)

14.58
17.17
21.00

1 14.71
15 17.60
30 21.82

15.55
18.44
22.75

April-September totals (cm)

16.75
19.65
23.99

1 16.71
15 19.92
30 24.62

*Equivalent depths over basin.

17.64 18.94
20.84 22.10
25.63 27.00
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It is instructive to look at the Increases in basin runoff that result
from increases in initial total soil moisture. Table 20 presents the results
of table 19 in this format. An increase in the Initial total soil moisture
produces an increase in runoff (for each time period in table 20) that is
nearly constant, being almost independent of the precipitation and temperature
(rank) after the initial conditions. However, the rank assigned to any year's
data is seen to depend upon the initial conditions somewhat. Hence, the ini-
tial condition affects the distribution of runoff over the succeeding months
and, for example, the 30th ranked 2-month total may not come from the same
year of record as the 30th ranked 6-month total. Although the rank may repre-
sent different model runs (different years of record selected in the ESP
procedure) down the table (in table 19). the same year of record was seen to
apply across the tables, almost without exception; e.g., the 30th ranked
2-month total for an initial total soil moisture of 16 cm came from the same
year of record (same model run) as the 30th ranked 2-month total for an ini-
tial total soil moisture of 18.14 cm or 22 cm. The largest increase occurs
earliest, but the increase is still ongoing 6 months later. Tables 19 and 20
present results for the model applied to the entire Lake Superior Basin;
results were also generated for selected subbasins (1, 10, 12, 19). The
Importance of the initial conditions in comparison to subsequent precipitation
and air temperatures varies from subbasin to subbasin. For subbasins with
large variations in total soil moisture from year to year, it is very signifi-
cant. On the Tahquamenon  River (subbasin lo), for example, the initial total
soil moisture was more important than precipitation in determining the 6-month
basin runoff volume. The importance of the initial conditions with respect to
subsequent precipitation and air temperatures in determining basin runoff is
less for the entire Lake Superior Basin. Table 20 illustrates that about one-
third of the difference between the minimum and maximum initial total soil
moistures (6.00 cm) runs off in about 5 months, not counting the initial 2
weeks (March 15-31). Relatively more of this difference runs off for an ini-
tially small storage (look at the 2.14-cm increase above minimum) and rela-
tively less of this difference runs off for an initially large storage (look
at the 3.86-cm increase above average). It appears then that the entire Lake
Superior Basin model (lumped model) is more sensitive to variations of record
in initial soil moisture than to variations of record in precipitation and
temperature. This sensitivity exists to a greater degree on some of the sub-
basin applications. It is thus important to have accurate estimates of ini-
tial soil moistures for the probabilistic outlooks to be generated with the
ESP procedure. While the initial values determined from use of the model for
the preceding time period are used herein, improvements in probabilistic out-
looks may be possible if adequate field measurements are available in the
future. Soil moisture measurements taken in the joint United States-Canadian
gamma radiation aerial survey experiment will henceforth be taken in a form
suitable for incorporation into the model. The use of field measurements of
soil moisture may also be important in calibration of the models. If soil
moisture measurements are available, they can be used as boundary conditions
in the parameter calibrations.

6.4 Initialization of Snowpack

Just as initial tank storages are required in order to use the runoff
model in an ESP setting, so is the initial value of the snowpack (see fig. 1).
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TABLE 20.--Lake Superior Basin runoff inCrWU?e with
initial soil moisture increase'

Increase above minimum Increase above average

Rank record soil moisture (16.00 cm) record soil moisture (18.14 cm)

(1 to 30) (2.14 cm) (6.00 cm) (3.86 cm)

1
15
30

1
15
30

1
15
30

1
15
30

1
15
30

1
15
30

April runoff increases (cm)

0.25 (12%) 0.66 (11%)
0.27 (13%) 0.66 (11%)
0.25 (12%) 0.65 (11%)

April-May runoff increases (cm)

0.46 (21%) 1.16 (19%)
0.48 (22%) 1.17 (20%)
0.49 (23%) 1.16 (19%)

April-June runoff increases (cm)

0.62 (29%) 1.59 (27%)
0.67 (31%) 1.59 (27%)
0.68 (32%) 1.60 (27%)

April-July runoff increases (cm)

0.74 (35%) 1.86 (31%)
0.75 (35%) 1.80 (30%)
0.83 (39%) 1.94 (32%)

April-August runoff increases (cm)

0.84 (39%) 2.04 (34%)
0.84 (39%) 2.05 (34%)
0.93 (43%) 2.17 (36%)

April-September runoff

0.93 (43%) 2.23 (37%)
0.92 (43%) 2.18 (36%)
1.01 (47%) 2.38 (40%)

0.41 (11%)
0.39 (10%)
0.40 (10%)

0.70 (18%)
0.69 (18%)
0.67 (17%)

0.97 (25%)
0.92 (24%)
0.92 (24%)

1.12 (29%)
1.05 (27%)
1.11 (29%)

1.20 (31%)
1.21 (31%)
1.24 (32%)

increases (cm)

1.30 (34%)
1.26 (33%)
1.37 (35%)

*Differences between runoff volumes (equivalent depths over basin) that occur
between the base initial soil moisture (either 16.00 cm or 18.14 cm) and the
increased initial soil moisture. Parenthetical table entries express this
difference as a percentage of the increase in the initial soil moisture.
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It is possible to determine an initial value of snow-water equivalent for the
first day of the outlook simulations in the same manner as used for initial
tank storages; i.e.,
first day. However,

the runoff model can be run for the period preceding this
there are field data available from the joint United

States-Canada experimental aerial gamma radiation surveys that can be used
directly as an initial condition in the model simulations.

6.4.1 Airborne Snow Survey

The airborne snow survey is a cooperative study conducted jointly by the
U.S. Army Corps of Engineers, Environment Canada, the Geological Survey of
Canada, and the National Weather Service (Gauthier et at., 1983). One of its
purposes is to collect information on the snowpack water equivalent on the
Lake Superior Basin. Prior to the study, only limited field measurements were
being taken. It is hoped that these additional data will ultimately enable
more accurate regulation of the Great Lakes and particularly Lake Superior.

The measurement system used to infer the snow-water equivalent is based
on the attenuation of natural terrestrial gamma radiation. Since water
absorbs gamma radiation, measurements of the radiation emitted from the soil
vary inversely with snow-water content. By prior measurement of background
levels of radiation, it is possible to infer the amount of change in water
present. In this study, gamma radiation spectrometer systems are operated on
airplanes. Fifty-seven flight lines were flown, including at least one for
each of the 22 subbasins used in this study; see figure 7. A total of 1,500
flight-line kilometers are included in the network, with lines ranging in
length from 20 to 30 km. By applying the measurement for an individual flight
line at its midpoint, it was determined that the Thiessen-weighted average for
the Lake Superior Basin was 10.33 cm of snow-water equivalent on March 15,
1983. Thiessen-weighted averages of snowpack water equivalent for each Lake
Superior subbasin are presented in table 21.

It is the present intent of the study participants to continue the survey
for another 4 years. The use of the model with the snow survey data is also
of interest to the cooperating agencies, in their assessment of the usefulness
of the data acquired from the aerial surveys. They desire that the results be
applied to a number of operational systems for forecasting net basin supply
and/or levels on Lake Superior.

6.4.2 Sensitivity to Initial Snowpack Water Equivalent

Before this initial snow-water equivalent can be used in the ESP applica-
tion for Lake Superior, some idea of model sensitivity to the initial con-
ditions is required. This sensitivity was investigated by using the runoff
model with three different initial snow-water equivalents and with 30 years of
meteorological data broken into thirty 6.5-month time periods, each beginning
March 15 (similar to the preceding sensitivity calculations for initial total
soil moisture). The initial snow-water equivalent values for this sensitivity
study were set at 8.00 cm, 10.33 cm, and 12.00 cm, representing the observed
value for March 15, 1983, and a small range about this value. Initial tank
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-Flight Line
--- Subbasin  Boundary

FIGURE 7.--Location map for Lake Superior Baein aerial gum
radiation survey flight tines.

storages were taken as the average values for March 15 from simulations with
data from the period 1949-78. The runoff totals for the first month, first 2
months,..., first 6 months were ordered from smallest to largest and the rank
1 (smallest), 15 (median), and 30 (largest) basin runoff volumes are presented
in table 22 for each period for each set of initial conditions for the entire
Lake Superior Basin. Runoff is expressed as equivalent depth over the basin.

It is again instructive to look at the increases in basin runoff that
result from increases in initial snow water equivalent. Table 23 presents the
results of table 22 in this format. An increase in the initial snow-water
equivalent produces an increase in runoff (for each time period in table 23)
that is not nearly as constant with rank as initial total soil moisture
increase effects were (see table 20). The increase in runoff for a given n-
month period, attendant to an increase in initial snow-water equivalent,
appears to be dependent on the precipitation and air temperatures (rank) sub-
sequent to the initial conditions. This dependence, particularly on air tem-
perature, is expected since air temperature governs how much of the snowpack
melts.

It was again observed that the rank assigned to any year's data depends
upon the initial conditions. The dependence is greater than that observed
with initial total soil moisture values. The distribution of runoff over the
succeeding months is affected more by the initial snow-water equivalent than
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Table 21 .--Lake Superior subbasin remotely-eensed  snots-water
equivalents for March 15, 1983.

Subbasin Mean area1
number S.W.E. (cm)*

1 5.4
2 7.8
3 10.1
4 10.9
5 7.4
6 9.7
7 8.8
8 8.5
9 7.1

10 1.4
11 2.5
12 8.2
13 13.5
14 14.3
15 12.9
16 15.5
17 15.5
18 14.0
19 11.0
20 9.9
21 9.6
22 9.1

L+ 10.3

*Snow-water equivalent depth over basin.

+Entire Lake Superior Basin.

by the initial total soil moisture. Also, it has been observed that the year
representing each rank both down and across in tables 22 and 23 varied more
than in tables 19 and 20. Table 23 reveals that there was no change in rank 1
(smallest) runoff volume for April as the initial snow-water equivalent was
increased. Rank 1 corresponds to 1950 data in which April was very cold with
little snowmelt. Outside of these values, it appears that the runoff in-
creases most in the early months, but is still increasing 6 months later.
Table 23 illustrates that about one-half of the difference between the minimum
and maximum initial snow-water equivalents (4.00 cm) runs off in about 6
months, not counting the initial 2 weeks (March 15-31). This response is a
little faster than for changes in initial total soil moisture, but it is to be
expected since part of the snowmelt runs off directly into the surface
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TABLE 22.--Lake Superior Basin runoff ae a function of initial mow mter*

Rank
(1 to 30)

Initial snow-water equivalent

(8.00 cm) (IO.33 cm) (12.00 cm)

1 2.87 2.87 2.87
15 4.03 4.53 4.82
30 5.11 5.64 6.02

1 6.94 7.60 8.04
15 8.47 9.20 9.66
30 10.55 11.49 12.10

1
15
30

1 12.45 13.46 14.07
15 15.17 16.12 16.62
30 18.72 19.89 20.51

1 14.62 15.55 16.18
15 17.39 18.44 19.15
30 21.51 22.75 23.43

1 16.65 17.44 18.30
15 19.63 20.84 21.63
30 24.34 25.63 26.37

10.20
12.20
15.03

April totals (cm)

April-May totals (cm)

April-June totals (cm)

10.99 11.51
13.21 13.76
16.18 16.88

April-July totals (cm)

April-August totals (cm)

April-September totals (cm)

*Equivalent depths over basin.
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TABLE 23 .--Lake Superior Basin runoff increase with
initial sno*vuter  increase*

Rank
(1 to 30)

Initial snow-water equivalent Initial snow-water equivalent
increase above 8.00 cm increase above 10.33 cm

(2.33 cm) (4.00 cm) (1.67 cm)

1 0.66 (28%) 1.10 (28%)
15 0.73 (31%) 1.19 (30%)
30 0.94 (40%) 1.55 (39%)

April-June runoff increases (cm)

April runoff increases (cm)

1
15
30

0.00 (0%) 0.00 (0%)
0.50 (21%) 0.79 (20%)
0.53 (23%) 0.91 (23%)

April-May runoff increases (cm)

0.00 (0%)
0.29 (17%)
0.38 (23%)

0.44 (26%)
0.46 (28%)
0.61 (37%)

1
15
30

0.79 (34%) 1.31 (33%)
1.01 (43%) 1.56 (39%)
1.15 (49%) 1.85 (46%)

April-July runoff increases (cm)

0.52 (31%)
0.55 (33%)
0.70 (42%)

1
15
30

1.01 (43%) 1.62 (41%)
0.95 (41%) 1.45 (36%)
1.17 (50%) 1.79 (45%)

April-August runoff increases (cm)

0.61 (37%)
0.50 (30%)
0.62 (37%)

1 0.93 (40%) 1.56 (39%) 0.63 (38%)
15 1.05 (45%) 1.76 (44%) 0.71 (43%)
30 1.24 (53%) 1.92 (48%) 0.68 (41%)

April-September runoff increases (cm)

1 0.79 (34%) 1.65 (41%) 0.86 (51%)
15 1.21 (52%) 2.00 (50%) 0.79 (47%)
30 1.29 (55%) 2.03 (51%) 0.74 (44%)

*Differences between runoff volumes (equivalent depths over basin) that occur
between the base initial snow-water equivalent (either 8.00 cm or 10.33 cm)
and the increased initial snow-water equivalent. Parenthetical table entries
express this difference as a percentage of the increase in the initial snow-
water equivalent.
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storage. Relatively more of this difference runs off for an initially small
storage (look at the 2.33-cm increase above 8.00 cm) and relatively less of
this difference runs off for an initially large storage (look at the 1.67-cm
increase above 10.33). although there are exceptions for rank 1 (smallest)
runoff volumes.

It appears then that the entire Lake Superior Basin model (lumped model)
is very sensitive to variations in the initial snow-water equivalent, as was
expected. Additionally, variations in air temperatures are reflected directly
in s"owmelt, implying that snow-water sensitivity varies with the year of
record. The sensitivity means that it is very important to have accurate
estimates of initial snow-water equivalent in order for the probabilistic
outlooks to be generated with the ESP procedure.

As previously mentioned, the initial value can be determined in a manner
similar to that used to determine the initial total soil moisture. However,
by using the model with several years of meteorological data prior to the
starting date of the probabilistic outlooks, estimates of the initial snow-
water equivalent are available from the aerial gamma radiation surveys; they
are used herein.

Eventually, when enough soil moisture and snow-water equivalent measure-
ments have been collected, it may be appropriate to weight objectively the
field measurements and model-produced values for updating the model. Both
values have worth; yet they are also both subject to error and uncertainty.
It should also be noted that, while remotely-sensed estimates of snow-water
equivalent may improve modeling of runoff volumes, they should not be expected
to improve the timing of runoff due to snowmelt.

6.5 Probabilistic Outlook for March 15-September 30, 1983

Generation of a probabilistic outlook for net basin supply to Lake
Superior requires adding lake precipitation to, and subtracting lake evapora-
tion from, basin runoff (as outlined in the beginning of this chapter). Basin
runoff is computed on a daily basis for the March 15-September 30 period by
using the initial tank storages and snow-water equivalent described previously
for each year of historical daily precipitation and air temperatures (1949-
78). The daily basin runoff is summed over each month of the outlook period
for each year of record to compute monthly runoff volumes. Monthly lake pre-
cipitation is estimated similarly by using daily basin precipitation (over
land) summed over each month. Lake evaporation is estimated from the applica-
tion of aerodynamic equations on a monthly basis (Derecki,  1980). The
second-, fifteenth-, and twenty-ninth-order statistics derived from "se of the
model in an ESP setting "sing daily meteorological data are plotted in figure
8. Net basin supply, computed from these three components (basin runoff, lake
precipitation, and lake evaporation) does not include interbasin diversions.
In regulation decisions, diversions are considered separately from net basin
S"PPlY. Unfortunately, the Lake Superior Basin diversions are complicated.
The Long Lake diversion is a flow addition to Lake Superior separate from
other subbasin  outflows and so can easily be considered separately from net
basin supply. The only other interbasin diversion is the Ogoki diversion and
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Forecast  of Lake Superior  Accumulated
Net Basin Supply Exceedances  (1983)

29/30
15130

2130

April May June July Aug. Sept.

FIGURE B.--Lake Superior net basin supply order statistics
for April-September 1983 computed in Mavch 1983.

it is more complicated. The Ogoki diversion is a flow addition from outside
the basin to Lake Nipigon in subbasin 19. The flow records for the gage at
the outlet of subbasin 19 thus represent the drainage from the subbasin, as
well as the diversion. Lake Nipigon is a large regulated lake, and it is not
possible to simply subtract the Ogoki diversion from the flow gage records
since there may be considerable residence time for the diversion. Thus, the
flow record is treated as if it represents runoff only and the diversion is
ignored. The model application to the Lake Superior Basin thus treated the
Ogoki diversion as part of the basin runoff and Ogoki diversions should not be
treated separately in the use of the net basin supply probabilistic outlooks
for determining reservoir regulations. Furthermore, if changes in the Ogoki
diversions are anticipated, it may be appropriate to consider them separately
in model calibrations. While this is not possible for the lumped-parameter
application of the model to the entire Lake Superior Basin, it is possible in
the distributed-parameter applications of the model in an ESP setting that are
currently underway at GLERL.

7. SUMMARY

The Large Basin Runoff Model developed at GLERL is an accurate, fast
model of weekly runoff volumes from the Lake Superior watershed; it has
relatively simple calibration and data requirements. Parameters have physical
significance and calibrated values obtained from parameter optimizations
appear reasonable. Seven-day distributed-parameter and lumped-parameter
applications to the Lake Superior Basin illustrate spatial integration effects
on model resolution and filtering of both information and data errors coo-
sequent with these applications. The distributed-parameter application is
marginally better than the lumped-parameter application on a weekly and
monthly basis, at about 20 times the cost to use. The 7-d lumped-parameter
application to the entire Lake Superior Basin yielded a weekly and monthly
correlation of 0.89 and 0.91, respectively. The 7-d distributed-parameter
application yielded a weekly and monthly correlation of 0.93 and 0.94, respec-
tively. Applications of the model to subbasins about Lake Superior show
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good-to-exceptional agreement with available flow data where flows are natural
and unregulated; applications to subbasins with regulated flows varied from
poor to good.

Continued investigation into parameter calibration appears warranted,
especially minimum data set length requirements, the importance of hydrologic
variability within the calibration data set, parameter interactions, and use
of different calibration objective functions and convergence criteria. The
goal should be to obtain unique parameter sets while retaining their realism.
Also, continued model improvement is appropriate, especially concerning snow-
melt runoff volumes. However, it is unlikely that any model modifications
will be able to adequately simulate the extreme variability because of regula-
tion of flows.

The model has potential for use in predictive studies since basin stors-
ges are represented directly. Predictions are limited by available meteoro-
logical information, but forecasting is practical if near real-time data are
available. Since requisite data are limited to precipitation and air tem-
perature, these requirements msy soon be met on a continuing basis for many
areas of the Great Lakes Basin. Efforts are underway at GLERL to develop com-
munication data links allowing near real-time transmittal of basic meteorolo-
gical data. Also, the 5year United States-Canadian Airborne Snow Survey
Project will result in the upgrading of 10 existing National Weather Service
meteorological stations to provide real-time data to be transmitted through
the NOAA Geostationary Operational Environmental Satellite.

The "se of aerial gamms radiation surveys of snowpack water equivalent
has been illustrated for the 1982-83 snow season. Changes in the snow survey
project during the upcoming years may allow inclusion of soil moisture mea-
surements in the model initialization process. Sensitivity studies on initial
snow-water equivalent and initial soil moisture indicate that these quantities
are as important as precipitation in determining basin runoff and that accu-
rate estimates of them are requisite to generation of practical probabilistic
outlooks. The model enables tracking of these quantities in near real-time to
enable their estimation. Because snowmelt is such an important part of the
runoff process on the Lake Superior Basin, improvement in the hydrometeoro-
logical data network will enable model improvements with regard to snowmelt
calc"latio"s. Also, satellite evaluation of the area1 extent and surface tem-
peratures of the snowpack will be available on a near real-time basis begin-
ning in winter 1983-84 from the United States-Canadian Airborne Snow Survey
Project. Conclusions about the value of the remotely-sensed snow-water equi-
valents in a simulation or forecast setting cannot yet be made. when actual
flow values for the forecast period become available, they can be compared
with streamflow predictions made using measured snow-water equivalents and
with streamflow predictions made using model-generated snow-water equivalents.
However, one comparison will not be enough for any meaningful conclusions; it
is just an indication. More measured values for snow-water equivalent and
more forecasts are necessary.

Diversions and regulations of flows into the Lake Superior Basin
cannot be modeled well; yet, they can significantly affect net supply to
Lake Superior. GLERL is currently developing an easily implemented
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distributed-parameter extended streamflow prediction package for use with the
Large Basin Runoff Model that allows exclusion of selected subbasins.
Significant improvement in simulation and forecasting results are expected by
isolating Lake Nipigon and other 'unnatural' subbasins. Lake level deter-
minations can then consider their flows separately, and the improved forecasts
of net basin supplies can then be used to make better estimates of future lake
levels.

The model is now to be applied to the large sized basins around the
remaining Great Lakes to simulate basin runoff for use in routing models.
Data acquisition and reduction is complete for the remaining portions of the
Great Lakes Basin. As near real-time reporting of hydrometeorological infor-
mation progresses, the runoff and net basin supply forecasting will be imple-
mented on a semiautomatic basis.
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Appendix A.--USING MELTING DEGREE-DAYS, FREEZING DEGREE-DAYS,
AND SNOW QUALITY TO MODEL SNOWMELT
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In the Lake Superior Basin, the air temperatures often fall below
freezing for extended periods of time. As a result, a large dry snowpack
accumulates. The simple degree-day approach described in the main text
ignores the insulation of the ground provided by the snowpack and assumes that
ground heat (as well as other heat-balance terms) is reflected in the air tem-
perature. In an attempt to improve snowmelt  modeling. an alternate approach
was tried; it is described here. It was assumed that either melting or
freezing may occur and that both are proportional (with the same propor-
tio"ality c0**ta*t, a) to degree-days above freezing (melting degree-days) or
degree-days below freezing (freezing degree-days), respectively. Likewise, it
was assumed that runoff from the snowpack occurs only when snow quality
(fraction of the snowpack that is liquid) exceeds a threshold value, x, even
though some ice may be melting.

MDD = j T(t)dt,
n1

01 = {t:T(t)>O} (4)

FDD = - 1 T(t)dt,
Q2

fi2 = {t:T(t)<O), (5)

where MDD = melting degree-days in a day ('C-d/d), FDD = freezing degree-days
in a day ('C-d/d).  T(t) = air temperature at time t ("C), &21 = set of all
times during a day when the air temperature is nonnegative, and R2 = set of
all times during a day when the air temperature is below freezing. With these
concepts, total degree-days (DD) is redefined as

DD = MDD - FDD = ,,[,, T(t)dt = ,; T(t)dt (6)

and if d = 1 day, DD = T-d. NOW if T > 0 (DD > O), net melt occurs

mp = aDD (potential melt) (7)

m = mps mpd C SNWO - SNWLD

= (SNWo - SNWLD)/d, mpd > SNWO - SNWL.0 (8)

Actual melt, m(m3/d), equals potential melt if enough solid water is available
to melt; otherwise it is limited to the solid water that is available, where
SNWO = snowpack water equivalent at the beginning of the day (m3) and SNWLC =
snowpack liquid water content at the beginning of the day (m3).
from the snowpack, r (m3/d), is

Runoff rate

r=O , (SNWLo + md + pd)/SNWo < x

= & (SNWLO - xSNWD + md + pd)/d, (SNwLo + md + pd)/SNWC > x (9)
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where p = precipitation rate (m3/d). The runoff from the snowpack is zero if
the new snow quality is less than the runoff threshold; otherwise, runoff from
the snowpack occurs such 'that the new quality equals the threshold: (SNWL.0 +
md + pd - rd)/(SWO - rd) = X. Finally, the snowpack at the end of the day is
described by

SNWL.d=SNWLO+md-rd (10)

Smd = 8Nb!,, - rd (11)

NOW if T < 0 (DD < 0). net freezing occurs

fp = -aDD (potential freeze)

f = fp,

= SNWLo/d,

(12)

(13)

Actual freeze, f, equals potential freeze, fp, if enough liquid water is
available; otherwise, it is limited to the liquid water that is available.
The snowpack at the end of the day is described by

Smd=SmO-fd (14)

8md = Sh'h',, + pd (15)

Equations (4)-(15) were used as alternates for eqs. (1) and (2), but they did
not improve the goodness-of-fit (as measured by the root-mean-square error of
model runoff volumes) of the model parameter calibrations on the entire Lake
Superior lumped data set. This was true for a range of values of the thresh-
old quality, X. Therefore, eqs. (1) and (2) were used in all subsequent model
app11cat10*s, and refreezing and threshold runoff quality of the snowpack were
not considered further.
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Appendix B.--MODEL APPLICATION PROGRAMS (WATERS AND MMWAT)
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B.l Instructions for Model Application Programs

Appendices B-E illustrate the use of the Large Basin Runoff Model for
basin outflow simulation. This appendix contains instructions on program use
and requirements; it also contains source code listings (ANSI Ver. X3.9-1966
FORTRAN) for two versions of the model. The first, WATERS, uses daily mete-
orological data and allows the uset to specify the mass-balance computation
interval, which is then fixed throughout the application. The second, MMWAT,
uses monthly meteorological data; the mass-balance interval automatically
varies between 28-31 days, depending on the month and year. Appendix C con-
tains example input files of daily and monthly hydrometeorological  data (the
files called DATA and MDATA, respectively). Appendix D contains example input
parameter files (the files called PARM and MPABM) for use with WATERS and
MMWAT, respectively. Appendix E contains example output files (SUMARY AND
MSUM) resulting from the application of WATERS and MMWAT, respectively; they
contain a statistical summary of the simulation, actual and model flow volumes
for each computation interval, and the equivalent depth of water over the
basin in each of the model's storages at the end of each computation interval.

B.l.l Comments on Source Code

The following comments apply to both source code listings in this appen-
dix (WATERS snd MMWAT). No changes to the source code are required for appli-
cation to the basins of Lakes Superior. Michigan, or Ontario. Lines
00260-00265 describe dimension requirements for an array defined in line
00190. Line 00175 creates arrays for the January through December average
midmonth cloudless day insolation (10 langleys/d), which are specified in
lines 00444-00450 for applications to Lake Ontario (by using insolation at
Ithaca, N.Y., and Toronto, Ont.), Lake Superior (by using insolation at Sault
Ste. Marie, Mich.), and Lake Michigan (by using insolation at Madison, Wis.),
respectively. The appropriate insolation array is chosen in lines 00456-00469
based on the parameter input file heading. Use of the model for other areas
hence requires modification of these program elements to agree with the in-
tended application. Also, if evapotranspiration from the groundwater zone or
evaporation from surface storages is considered to be important. lines 00510
and 00520, respectively, may be changed. Subroutine OUTFLOW is identical to
that in the calibration program (the program CALIB in appendix F) and is
omitted here for brevity. Subroutine LENGTH in WATERS is identical to that in
CALIB (appendix F). Subroutine LENGTH in MMWAT is identical to that in MMCAL
(appendix F).

B.1.2 Model using Daily Meteorological Data (WATERS)

The simulation prog-ram WATERS requires two input files, one containing
calibrated parameter values and other application-specific information (the
file called PARM) and one containing daily meteorological data (the file
called DATA).

B.1.2.1 Input Parameter File (PARM). The final updated parameter
file from the calibration program (in appendix G) could be used without
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modification as input to the simulation program (WATERS), but it contains
unnecessary information. Hence, PARM is given in appendix D to show the
essential information required. The first line is a header indicating the
specific lake and basin application; the first four characters are used in
selecting the proper insolation array within WATERS. The second line is the
watershed area in square meters. Line 3 defines the number of days to be used
to initialize the model storages prior to actual simulation with respect to
the starting date specified on the next line. Lines 4 and 5 indicate the
first and last dates (DDMMYYYY), respectively, of that portion of the data set
to be used in simulation including the initialization period. The sixth line
is the mass-balance computation interval. Lines 7-15 provide parameter values
1" this order: Tb, =, aper, &Up aint, adp, 6,1, agw, %,f-

B.1.2.2 Input Data File (DATA). A partial listing of DATA is given in
appendix C: it contains the date, minimum daily air temperature, maximum daily
ai; temperature, daily precipita;ion volume over the waiershed, and daily
basin outflow volume from the watershed, each in the units indicated in the
file. The first four lines are header information skipped over by the pro-
gram. Missing data are denoted by "-9999." and are subsequently filled in by
the model, which uses the value for the previous day. However, temperature
and precipitation data must be present (no -9999. values) for the starting
simulation date within the data set. Observed flows contained in DATA are not
required for simulation of flows, but are required for proper computation of
some summary statistics (e.g., mean actual flow, correlation between actual
and model flows, root-mean-square error between actual and model flows).
Missing outflow data are not filled in by the model, but are simply unused in
the computation of these statistics.

B.1.3 Model Using Monthly Meteorological Data (MMWAT)

The simulation program MMWAT requires two input files, one containing
calibrated parameters and other application-specific information (the file
called MPARM) and one containing monthly meteorological data (MDATA).

B.1.3.1 Input Parameter File (MPARM). MPARM is given in appendix D; it
is different from PARM in only three respects. 1) Line 3 defines the number
of months to be used to initialize the model storages prior to actual simula-
tion, with respect to the starting date specified on the next line. 2) Lines
4 and 5 still indicate the first and last dates, respectively, of that portion
of the data set to be used in simulation, including the initialization period;
the format, however, is MMYYYY. 3) The mass-balance computation interval (the
6th line in PARM) is eliminated, since the monthly simulation program automa-
tically varies the mass-balance interval based on the specific month.

~.1.3.2 Input Data File (MDATA). A complete listing of MDATA is given
in appendix C; it contains the date (month and year), number of days in the
specific month, average monthly sir temperature, monthly precipitation volume
over the watershed, and monthly basin outflow volume from the watershed, each
in the units indicated in the file. The first four lines are header infor-
mation skipped over by the program.
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There should be no missing temperature or precipitation data. Missing
data for flow is denoted by "-9999." Observed flows contained in MDATA are
not required for flow simulation, but are required for proper computation of
some summary statistics (e.g., mean actual flow, correlation between actual
and model flows, root-mean-square error between actual and model flows).
Missing outflow data are not filled in by the model, but are simply unused in
the computation of these statistics.
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B.2 Source Code for Simulation Program Using Daily Data (WATERS)

00100
OOllot
00120
00130
00140
00150
00160
00170
00175
00180
00190
00200
00210

PaOGRAH WATERS(DATA.TAPESPMTA,OUTP~.TAPE6-OOTPUT,
PARH,TAPE4-PARn,SUPURT,TAPE7-S-Y)

I M P L I C I T  R E A L  (A-&J-Z)
CONM)N/VAROF/uSZM,LSZH,GZ~.SS,EVAP.HPLSE,USZIUVG,LSZ~VG
ConMN/PAROP/USZC,ALPPER,ALPUEV,ALPINT,ALPDA(,ALPLEV
COH130N/PAROFZ/ALP(XI,ALP~",ALRF,ALRS"
CCWPDNIINDICATnlAY,EPSILON,DPSILON.GPSILON
COMHDN/VAROFZ/VRUN.VINT,VPeR.V~,WEV,VLEY
DIMENSION ONTI(12),0NTT(12),SUP(12),EIICH(12)
DIMENSION R(l4).INDR1(13)
DIMENSION PARM(9),DATA(9,4748),INAHE(8)
DD4ENSION IERR(6)
DATA IERR/6*0/
DATA IND~/0,31,59,90~120,151.181.212.243,273.304.334.366/

~.~ .~
00220
00230Cc**---
0024EC***** PROGRAM FOR INTERACTIVE INVESTIGATION OF bD)DEL
OOZScCC*****
0026ccC NOTE -- THE ARRAY 'DATA' SHOULD BE DMENSIONRD AS:
00262cC DATA(9,ND"SER  OF DAYS IN DATA SET)
00265x*****
0027EC AREA = WATERSHED AREA, SQ. H.
002803C FLCU = ACTVAL BASIN OUTFLW MLME, CDR. M.
0029Dx ID - CALENDAR DAY OF THE YEAR
00292CC IFDMX = FIRST DATE FOR MODEL RUN (DmMYW)
00294CC ILMR = LAST DATE FOR MODEL RUN (DMMTYW)
0030ccc m = CALENDAR MONTH OF THE YEAR
0031cCC INDPGOD= NUMBER OF DAYS PER CROUP OF DAYS. DAYS
0032oCC INODAYS= NUMBER OF DAYS TO BE CONSIDERED IN DATA SET, DAYS
0033occ IY = CALENDAR TEAR
;;;W& FECIP = DAILY PRECIPITATION YOLlME (LIQUID EQDIVALRNT).  CDR. M.

- AVER&E MID-"DNTH  CLOUDLESS-DAY INSOLATION, LANGLETSIDAY
0036cCC (INPUT IN "NITS OF lO*LANGLETS,DAY)
0037ccc RR = DAILY WRFACE INSOLATION. CAL.
0038cCC SW = SN(WPACK  VOLUIE  (LIQUID EQUIVALENT). CDR. II.
00390X TA = AVER&E DAILY AIR TFNPERATURE, DRG. C.
0040ccC mAx = MAXIMUM DAILY AIR T@XPRRATDRE,  DEG. C.
0041ax n4IN - HINIMlM DAILY AIR TMPRRATDRE, DEG. C.
0042ax*****
0043occ*****
0044&X***** INPUT CONSTANTS
0044ax*****
00444 DATA 0NT1/20.,33.,46.,59.,69..74.,70.~62.,51.~38.,24.,18~~
00446 DATA 0NTT/20..31..46..60..70..74..71..61..48..34..22..18.~
00448 DATA SUP/i9.,~3.,i9.,64..i7..j9.,i7.,67..jl.,~6.,~O.,iS./
00450 DATA M1CH/22.,34.,48..62.,70.,73.,70.,61.,49.,36.,24.,19./
00453 REWIND 4
00454 READ (4,ZOOO) ILAKE
00455 2000 FOR"AT(A4)
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00456 DO 45 1=1,12
00458
00460

IF(ILAKE.EQ.4HIONT)  R(I)=ONTI(I)
IF(ILAKX.EQ.4HTONT)  R(I)=ONTT(I)

00462 ~FILARE.EQ.4”S”PR)  R(I)=SUP(I)
00464 IFWAKE.EQ.4RMICH)  R(I)=MICH(I)
00469 45 CONTINuE
0047ax*****
00471cc NOTE -- SYSTm SPECIFIC WOCRDURE SUPPLIES ZERO
0047ax WHEN EXPONENTIAL “NDERFLOJ 0CC”RS
00474Cc*****
00475 CALL SYSTDPZ(ll5,IERR)
00477cc*****
00480 FPSILON-, .E-7
00490 DPSILON=I.E-200

CFSILON-12-3
ALPcm-0.

00500
00510
00520
00530
00540
00550
00560
00570
00575
00580
00585
00590
00595
00600
00610
00620
00630
00650
00660
00665
00670
00680
00690
00700
00710
00720
00740
00750
00760
00770
00810
00820
00830
00835
00840
00850
00860
00870
00880
00890

ALPsE”=o.
R(14)=R(l)*lo.
DO 33 IXY-1) 12

33 R(14-IXY)=R(lJ-IXY)*lO.
R(l)=R(13)
READ (4,559)AREA
READ(4,56O)ISTART

560 PORMAT(I8)
READ(4.560)IFDHR
READ(4,560)ILMR
READ(4.560)INDPCOD
CALL LENCTH(IPDPIR,ILMR,INODAYS)
DAY=FLOAT(INDPCOD)
IIST=ISTART/INDPGOD
“SZC“SZC = AREA*0.02= AREA*0.02
DO 36 1=1,9DO 36 1=1,9

36 READ(4.557) PARM(I)36 READ(4.557) PARM(I)
557 POlwAT(El0.3E2)557 POlwAT(El0.3E2)

REWTND 4REWTND 4
TBASE = PAP.M(l)TBASE = PAP.M(l)
ALBEDS = PAM(Z)
ALPAR = PARM(3)
ALPUS" = PARM(4)
ALPINT = PABM(5)
ALPDFR = PARH(6)
ALPLEV = PAR"(7)
ALPW = PAM(S)
ALPSF = PAR"(9)
REWIND 5
Wd-0.
1RNTR-O
IKNTRF-0
TIME = 0.
AWTA = 0.
AVCPR = 0.
AYCF - 0.
A"GHPLE= 0.
AWNS = 0.
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00895 A"(BR = 0.
00900
00910

RRz'D~5.1000)INAm
RRADlD(5.1000,,~~~~,

oovzo Rem(5.1000)
00930 REbD(5.1000)
00940 1000 PORMAT(8AlO)
0094lCC*'***
00942X*****  FOR PROPER DATA WRPARATIO",  TRR FIRST
0094XC*****  LINE OF DATAMOST NOT CONTAIN -9999.
0094&X*****  FOR ANY "ARIARLE
00945Cc*****
00950 15 READ(5,lOlO) ID,M,IY.MIN.2WAX.AlECIP,PL~
00951
00952

IF(IO*lOOOOOO+D,*lOOO,O+IY.NE.IF~R)CO~ 15
IF(T"IN.LT.-900..OR.T"AX.LT.-PW..OR.WRCIP

0095w .LT.-POO.)GOTU  9999
0 0 9 6 0 BA(XSPACE 5
0097Ox*****
OOVECCC***+*  DAILY LOOP -DATA WRPRRATION  (RRCINNINC)
oowmc*****
0 1 0 0 0 DO 300 I=l,INODAYS
0101ax*****
0102c?x***** INPUT AND PILL IN DAILY DATA
0103ax*****
01040 REM(5,lOlO)01050 1010 ID,IH,IY,WMIN,WMAX,NPRECIP,PLa3

PORMAT(lX,I3,I3~I5,5X,2P10.2,2P20.0)
0106001070 IP(NMIN.CT.NTMAX.OR.NMIN.LT.-900..OR.NTt,AX.LT.-900.)GOT0 921 COM 920

0 1 0 8 0 920 N’IMIN=‘lMIN
0 1 0 9 0 NYNAX=‘UUX
01100 92 1 mIN=NTMIN
01110 DfAX=ND,AX
01120 IP(NPRECIP.LT.-900.) NeRRCIP=PRECIP
01140 FRECIP=NPRECIP
0116,XC*++**
0117ccC*'*** CMPmE DAILY INSOLATION
0118CCC+*+**
01190 X=V"AX-MIN)IlS.
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360

X=ANN1(X,1.0)
IF(ID.GT.15) GOTO 203
IF(M.EQ.1)  COT.3 200
II=INOti(M)-INORI(IM-1)
IF(II.NE.28) COM 201
IF(INT((PLOAT(IY)+.5)/4.)*4.NE.IP)  COT0 20,
II=29
GoTo-

200 II=31
201 NDYS=FLOAT(II)

NIW=NDYS-15.+FLOAT(rD)
RR=(R(M+L)-R~M))/NOYS*NDY+R(~)
GOT0 204

203 II=IN~PM(M+I)-INDFU(M)
IF(II.NE.28) GOT0 202
IF(INT((PLOAT(IY)+.5)/4.)*4.NE.IY)  GOT0 202
II=29
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01370 202 NDYS=PLoAT(II)
01380 NDY=lXoAT(ID)-15.
01390
01400 204

RR=(R(M+2)-R(JH+l))/M)YS*NDY+R(M+l)
RR=RR*(0.355+0.68*X)*10000.*~~RA

0141ax+++**
0142CCC***+* BEAT EALANCB
0143mc*****
01440 TA=(MIN+THAX)/2.
01455 MELT-O.
01460 IF(TA.LE.O.)GOTO 9 0 3

01480 IF6w.LT.l.)GOm 904
01491
01492
01493
01494

IF(MIN.LT.O;)GOTO  950
m-T*
GOT0 951

01497
01500
01510
015M
01540
01550
01580

950 ~I'=HAX'*2/mUK-MIN)/Z.
951"RLT=ALREDS*I,D

IF(URLT.LE.SW)GOTO  9 0 4
,ELT=SW

904 SW-SW-HELT
NS-PRECIWLT
Gem 905

903 Sw=SIU+PBECIP
WS-3.

9 0 5 MTA(l,I)=NS
MTA(Z.I)=TA

01590
01600
01610
01620 MTAi3;Ij=&
01635 MTA(S,I)=SW
01640 IF(I.LkISTlucT)GOTU 300
01650 A”GIA=A”GTA+TA
01660 A"Gm=*"Gm+mECIP
01665 IP(FLOI.LT.-900)GOTO 620
01670 A"GF=A"GF+FL(Y
01675 IimTRF=1KNTRF+1
01680 620 AVGNS-AAVGNS-HVS
01685 AVGXR=AV(BR+RR-b"ZLT*1000000.*79.,
01690 IKNTR=IKNTR+l
01700 300 CONTINUE
"17lwc****t_ . _-_
0172CCC*'***  DAILY LOOP -DATA PREPARATION (END)
0173mC*****
0174CCc*****
0175ax****+ su?mARY INFORMATION
01760CC*****
01770 PI-IKNTR
01780 AVGTA=AV~A,FI
01790 AVGPR=AYGPR/FI
01800 AV~=AV~~OAT(IKIIY~F)
01810 AVGNS-AVGNSIPI
OISZO AVGEVP=AVGN&AV(r
01830 AVGHPLE-C.
01840 DO 910 I=l.INOD*YS
01850 WLSE-EXP(DATA(2.I)ITBASE)
01880 MTA(4,I)=HPLSE
01890 IF(I.LE.ISTART)GO'IO 910
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01900 AVGUPLR=AVGkWLE+"PLSR
01910 910 CONTINUE
01912 CONS=AV(XR/AVG"PLE
01913 A"GmLE-o.
01914 DO 911 I=l,INODAYS
01915 ~~LSE~TA(4,1)/(596.-.52~TA(Z.I~)/1000000.~ONS
01916 IF(I.LE.ISTART)GO1D  911
01917 AVWLk,VGWLR+HPLSH
01918 911 MTA(4,I)=WLSE
01920 AVGWLE=AVGWLE/PI
01930 AVGEVPP=AVGHPLE-AVGEVP
0198oCC+*'**
01990CC*****  CONVERT TO GROUPS OF DAYS 1RPD-B
0200txC+****
02010
02020
02030
02040
02050
02060
02070
02074
02075
02080
02090
02100
02105
02110
02115
02120
02130
02140
02150
02160
02165
02170
02172
02174
02175
02176
02180
02185
02190
02200
02205
02210
02220
02230
02240
02245
02250
02260
02270
02280

VAR-0.
NUN-a.
NS-0).
WLSE=o.
FLa+o.
II=0
III=0
INIP*
INvD-0
DO 400 I=,,INODAYS
NS=+JS+DATA(l.I)
k,PLSR=RPL8i+bAiA(4.1)
,?(DATA(3,I).LT.-POO.)GOlU  621
F,,CW=FLW+~ATA(~.I)
1wIl=1NVD+1

621 II-II+1
IF(II.NR.ImPGOD)GOm  400
III=IrI*l
DATA(l,III)=NS
DATA(4,III)=RPLSE
IP(INVD.LT.INDPGOD)GOTO  622
FLCU=FLaJ*11/1NVD
GOT0 623

622 FM,+=-9999.
623 DATA(3,III)=FLW

DATA(S,III)=DATA(5,I)/AREA*l~O.
IP(III.LE.IIST)GOTO  710
IP(PL(U.LT.-903.)GOm  710
VAR="AR+FLW**Z
EIEAN=NEAN+FL(Y
INLP=INIP+l

710 NS-3.
WLSE=O.
FLcw=o.
11-o.
1NvD-0

400CONTIN"E
PI=FLOAT(IHIP)
"AR="AR/PI
MRAN=NRAN/FI
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02290 VAR=VAR-MEAN**Z
0249fxc*****
0250CCC***** INPUT INITIAL VARIABLE VALUES
0251CCC*****
02520 USZM-.00698*AREA/lOO.
02530 LSZM=.03335*AREA/lOO.
02540 G2.H=O.00000*AREA/l00.
02560 S8=.00931*AREA/lOO.
0258oCC*****
02590CC*****  INITIALZZE
026Or,ZC*****
02610 AVGFH = 0.
02620 "ARM-O.
02630 PROD-O.
02660 AVGSSZ = 0.
02690 AVGUSZ = 0.
02700 AVGLSZ = 0.
02710 AVGGZ = 0.
02720 AVGEW = 0.
02740 SWERR = 0.
027603C*****
027703C*****  DAILY LOOP (BEGINNING)
0278cCC****"
02790 DO 100 I-l,111
028OCCC*****
0281CCC***** INPUT PREPARED DATA
0282oCC*****
02830 NS = DATA(1.1)
02840 "PLSE=DATA(4,1)
02850 nod = DATA(3,I)
0286oCC*****
0287CCC***** MASS BALANCE
0288CCC*****
02890 CALL O"TFLaJ(NS)
029occc*****
02910 DATA(Z,I)=NS
02912 DATA(6,I)=USZM/AREA*100.
02914 DATA(7,I)=LSZM/AREA*lOO.
02916 DATA~8,1~=GZWIAREA*lOO.
02918 DATA('),I)=SS/AREA*lOO.
02920 IF(I.LE.IIST)GOTO 100
02925 IF@LaJ.LT.-900.)GOTO 625
02930 AV(FM=AVGF"+NS
02940 VARM=VARM+RS**Z
02950 PROD=PROD+FLW*NS
02960 SSQERR=SSQERR+(FLa(-NS)**Z
02980 625 AVGSSZ=AVGSSZ+SS
03010 A"G"SZ=AVGUSZWSZMAVG
03020 AVGLSZ=AVGL8Z+LSZW.VG
03030 AYGCZ-AVGGZ+Gz"
03040 AVGEVM=AVGEVM+E"AP
03080 100 CONTIN"E
03090Cc*****
031omc***** DAILY LOOP (END)
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0311occ*****
0312ccc*****
0354cCc*****
03550cC*****  SUHMARY INFORMATION
0356oCC*****
03570
03580
03590
03600
03610
03620
03630
03680
03690
03700
03710
03720
03760
03770
03780
03790
03800
03810
03830
03840
03845
03850
03855
03860
03865
03870
03875
03880
03885
03910
03940
03950
03960
03970
03980
03990
04000

AVGFM=AVGFM/FI
VARM-VARWFI
VARM=VARM-A"GFH**Z
FROD=FROD/PI
E~~A=(PROD~EAN*AV~~~**~~R/VARII
SSOERR=SSOERR/FI
FI=FLOAT(iII-;IST)
AVGSSZ=AYGSSZ,FI
A"GUSZ=AVG"Sz/FI
AVGLSZ=AVGLSZ,FI
AVGCL-AVGGZIFI
AVGEVM=AVGEV"/FI
AvGm=*vGpaf~~~~*loo.
AVGF=A~GF~AREA*~~~.
AVGHPLE=AVGHPLE/AREA*lOO.
AVGNS=AVGNS/AREA*lOO.
AVGEVP=AVGEVP/AREA*lOO.
AVGEVPP=AVGEVPP/AREA*100.

559 FORMAT(6E13.6EZ)
MEAN=MEAN/AREA*lOO.
VAR-SQRT(VAR)/AREA*lOO.
AVGFM=AVGFM/AREA*lOO.
AYGEVM=AVGEVM/AREA*lOO.
AVGSSZ=AVGSSZ~AREA*~~~.
AVG"SZ=AVGUSZ/AREA*IOO.
AVGLSZ-AVGLSZ/AREA*lOO.
AVGGZ=AVGGZ/AREA*lOO.
SSCERR=SORT(SSOER8,/AREA*100.
EXh=SQRi(EiVAj~~ "
REWIND 7
WRITE(7,lOOO) INAME
WRITE(7,lOZO) ISTART,INODAYS,INDPGOD

1020 FORMAT(/,8HFR(M DAY.16.7"  TO DAY,I6,3H  IN,I3,1H-DAY GROUPS,/)
WRITE(7,1030)

1030 FOP.MAT(5.B CONSTANT ALBEDS TBASE(C) AREA(H2))
WRITE(7.559) CONS,ALBEDS,TBASE,AREA
W8ITE(7,1040) A"GTA,AVGA(,AVGF,AVGHPLE,A"GNS,AVGEVP,A"GE"PP

04010 1040 FOR"AT(/,14HDAILY  AVER&ES,
04020+ 1.37n TMPERATURE IC):.E13.6E2.

I~

04030+ /,3m ERECIPITATION  (CEi.j:;Ei3.6EZ;
0404M /,3M FL(w (CH.):,E13.6EZ,
04050+ /.3m HEAT LOSS. WATER F‘,". (CH.):.E13.6EZ.
04060+ >;37s NET SUPPLY iCM.j:;E13.6EZ;
04070+ /,3m EVAPOTRANSPIRATION  (CH.):.E13.6EZ,
04080+ /,3m POT. EVAPOTRANSPIRATION  (CH.):,E13.6E2)
04100 WRITE(7,1050)
04110 1050 FOFW.T(/,39H "SZC(M3) ALPPER(D-1) ALPUEVW3).
04120+ 2611 ALPDFR(D-1) ALPINT(D-1))
04130 WRITE(7,559) USZC,ALPF%R,ALPUE",ALPDW,ALPINT
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04140 !iRlTE(7.1060)
04150 106OFOlWAT(/.39"  ALPLEVW3) ALPW(D-1) ALPGEVW3).
0416oC 2611 ALRP(D-I) ALREVRI-3))
04170 YBITE(7.559) ALPLLV,ALP(Y~P(ZV.ALPSF.ALPSEV
04180 YaITE(7.1070) IRDPGOD
04190 1070F0R"Ai(/.13,1stldAY STATISTICS)
04200 WRITE(7.1080)  "EAN,VAR,
0421Or AV~M,AVGEVM.AVGSSZ.A"GtW,AVGLSZ.AVG(Z.SSQERR,EXVA
04230 108OFORMAT( 3M titw !cLiN (CK.):,E13.6E2.
0424ot 1.37" FL(Y STD. DEV. (CM.):,El3.6E2,
04250+ //.3M KBDEL 1 ImAN tCn.):.E13.6EZ.

EVAPOTRMSFIRATION  (CM.):,E13.6EZ,
I&AN SS (CK.):,E13.6EZ,

04260+
04270+
0428Ot MEAN "Szn (Cn.):,El3.6EZ,
0429Dt 1,37H MREAN LSZH (CK.):,E13.6EZ.
043oOt 1.37" NEAN GZH (CM.):,E13.6E2,
0431Ot 1.37" R"SE (CN.):,E13.6E2.
0432Dt 1,3m COEPPICIENT  OF CORREIATION:,E13.6EZ,/)
04410 URITE(7,lOPO) INDPGOD,INDPCOD
04420 1090 PORHAT~45"FL(Y RATES AND NET SUPPLY IN CUBIC "ETERS PER.13.
0442%
04427+
04430+

4.% DAYS. STORKES IN CENTMETERS OVER THE RAiIN..
2,,~.13,6ttTS DAY,
f.5H ACT"AL FLW MDEL FLM NET SUPPLY uszn *

04435t ik LSZN Gzn ss SN(W WATER)
04440 IIST=lIST+l
04450 w 750 I-11St.111
04460 750YRITE(7,1100)~DATA(3,I),DATA(2,I),DATA(1.I).DATA(6,I),DATA(7,I~.
0446% DATA(8,I),DATA(9,I),DATA(5,1)
04470 1100 POR"AT(8E13.6EZ)
04480 REVIND~7
04490 REWIND 5
04492 GOM 10
04494 9999 YRITE(7.9000)
04496 9000 FOR"AT(3Z",'ARNING:  FIRST LINE OF DATA M"ST,
04498+ 2% NOT CONTAIN -9999. VALUE)
04500 10 STOP
04510 EN"
04520 SUBROUTINE OUTFL‘W (NS)

(SEE LIST& FOR CALIB)

07460 SUBROUTINE LENGTH(IFDP,ILDP,INODAYS)

(SEE LISTING FOR CALIR,
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B.3 Source Code for Simulation Program Using Monthly Data (MMWAT)

00100 PROGRAM MMUAT(MDATA,TAPE5=MDATA,O"TP"T,TAeE6-O"TP"T,
OOllOt HPARM,TAPE4=MPARM,"SUI,TAPE7=MSUEI)
00120 IMPLICIT REAL (A-&J-Z)
00130 CMlMN/VAROF/U8ZH,L8ZM,GZM,SS,EVAP,HPL8E."8ZPIAVG,L8ZMAVG
00140 CCMM)N/PAROF,"SZC,ALPPER.ALP"E",ALPINT.ALPDPa,ALPLW
00150 COMM)N/PAROF2/ALPW,ALPGEV,ALPSF,ALPSEV
00160 COMb,,N/INDICAT,DAY,EP8ILON,DPSILON,GPSILON
00170 COMEoNfVAROF2/VR"N,VINT,VPER,"~,WEV,VLEV
00175 DIMENSION ONTI(12),ONTT(12).S"P(12),WICH(l2)
00180 DIMENSION R(14),INDpM(l3)
00190 DMENSION  PARM(9),DATA(l0,109),INANE(8)
00200 DIMENSION IERR(6)
00210 DATA IERR/6*0/
0023oCC*****
0023XC***** MONTHLY MODEL FOR MONTHLY DATA
0024WC***** PROGRAM FOR INTERACTIVE IWESTIGATION  OF KIDEL
0025ccc*****
00252cC NOTE --MONTHLY DATA SET SHOULD SE COMPLETE
00254cC (NO -9999. VALUES) FOR TMPERATURE AND
00256cC PRECIPITATION. FLW DATA MAY HAVE
0025&C MISSING (-9999.) VALLIES.
OOZSSCC
0026cCC THE ARRAY 'DATA' SHOULD  SE DIMENSIONED AS:
00262cC D,,TA(lO,NLMSER  OF MONTHS IN DATA SET)
0026XC*****
0027OZC AREA = WATERSHED AREA, SQ. M.
0028OZC FLW = ACTUAL BASIN O"TFL(W VOLMF., CUB. M.
00292CC IFDMR = FIRST MONT" FOR MODEL RUN (MMYYYY)
00294CC ILMR = LAST MONT" FOR MODEL RUN (EIMYYYY)
0030ccc M = CALENDAR MONTH OF THE YEAR
0031CCC INDIM= NUMBER OF DAYS IN THE CURRENT m)NTH
0032rXC INODAYS= NUMBER OF MONTHS TO SE CONSIDERED IN DATA SET
0033KC IY = CALENDAR YEAR
0034CCC PRECIP = MONTHLY PRECIPITATION VOLWE (LIQUID EQUIVALENT), CUB. M.
0035cCc R = AVERAGE MID-MONT"  CLOUDED INSOLATION, LANGLEYSIDAY
0036cCC (INPUT IN "NITS OF I~*LANGLEYS/DAY)
0037(cc RR = MONTHLY  SURFACE INSOLATION. CAL.
0038cCC S W = SNOJPACK VOLIME (LIQUID EQUIVALENT), CUB. M.
0039CCC TA = AVERPGE MONTHLY AIR TMPERATW\E, DEG. C.
0042cCC*****
0043ccc*****
0044oCC*****  INP"T CONSTANTS
0044acc*****
00444 DATA 0NT1/20..33.,46.,59.,69.,74.,70.,62.,51.~38.,24.,18.~
00446 DATA 0N~~f20.,31..46.,60.,70.,74.,71.,61.,48.,34.,22.,18.~
00448 DATA S"P/19.,33.,49.,64.,77.,79.,77.,67.,51.,36.,20.,15./
00450 DATA MICH/22.,34.,48.,62.,70.,73.,70.~61.,49.~36.,24.,19.~
00453 REWIND 4
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00454 READ (4,200O)  ILAKE
00455 2000 POSMAT(A4)
00456
00458

DO 45 I=I.L2
IF(ILAKE.EQ.48IONT)  R(IbONTIIII

00460
00462

IF(Iuxe.wj.4moNTj  rti~j=oN&j

00464
IFWAXE.EQ.4NSOPE)  R(I)-SOP(I)
IFW-W?.EQ.4NNICH)  R(I)-“K”(I)

00469 45 CONTINUE
0047cCC*****
0047LCC NOTE -- SYSTFM SPECIFIC A(OCSDDRS SUPPLIeS  ZSSO
0047zc kX8N EXPONENTIAL DNDERFL(Y OCCORS
00471Ec*****
00475 CALL SYSTbXC(115,IERII)
m~~cC****’

00490
00500
005 10
00520
00540
00550
00570
00575
00580
00585
00590
00600
00620
00625
00630
00650
00660
00665
00670
00680
00690
00700
00710
00720
00740
00750
00760
00770
00810
00820
00830
00835
00840
00850
00860
00870

Em ILON-1 .e-7
DPSILON-l.S-200

00890
00895

GPS ILON-I .I?.-3
ALPCE”4.
ALPSEV-3.
DO 33 IXY-1,,2

33 RUXY)-a(rxY)*lo.
REM (4.559)AREA
READ(4;560)ISTART

560 FOSMAT(18)
REM (4,560)1~DK+
READ(4.560)ILMR
CALL LENCTH(IPIHIR,ILMB,INODAYS)
IIST-ISTART
III-IWAYS
“SZC - AREA*O.OZ
DO 36 I-1.9

36 READ(4.557) PAM(I)
557 FOMAT(ElO.3E2)

REWIND 4
TSASE = PAIN(I)
ALSEDS - PASM(2)
ALPPER - PASM(3)
ALPDEV - PASK(4)
ALPINT - PASM(5)
ALPDrn - PASn(6)
ALPLEV = PAP.“(7)
ALP(rw = PARM(8)
ALPSP = PAM(q)
RFXIND 5
StU-0.
IRNTR-0
*RNTWd3
TINE = 0.
AWXA - 0.
AVGW = 0.
A”@ = 0.
AVCSPLE-  0.
AWNS = 0.
A”(XR = 0.
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00897 VAR - 0.

EI”i
REm(5,lOOO)INAME
READ(5.1000)

00920 READ (5.1000)
00930 READ(5,lOOO)
00940 1000 FORMAT(8AIO)
00950 15
00960

R~~(~,~~~~)I~~IY,I~M.TA,PREcIP.FL~

00965
IF(IM*1000~IY.NE.IFDHR)GOM 15
BAMSPACE 5

0097ccc*****
009RCCC*****  MDNTSLY LDOP
0099ccc*****

-DATA PRRPERATION (BEGINNING)

01000
oIoIEc*****

DO 300 I-1,INODAYS

0102occ***** INPUT AND FILL IN HDNTSLY DATA
0103rxC*****
01040 READ(5,lOlO) IM,IY,INDIM.TA,WECIP,PL~
01050 1010 F0R"AT(1&13,15,2X,13,5X,F10.2,2P20.0)
0116oCC*****
0117occ***** CaPUTE M)NTSLY INSOLATION
oll8~c*****
01190 RR-R(IM)*FLOAT(IWIM)*~~~~~.*AREA
0141,xc*****
014203C***** HEAT BALANCE
0143occ*****
01455 MELT-O.
01460 IF(TA.LE.O.)GOTO 903
01480 IF(~~~.LT.I.)GoTo 904
01492 DD-TA*FLOAT&&)
01497 951MELT-ALSEDS*DD
01500 IF(MELT.LE.SW)GOTO 904
01510 MELT-Shw
01530 904 SW-SNW-mLT
01540 NS-PRECIPMELT
01550 GOM 905
01580 903 SW-SNW+PRECIP
01590 NS-O.
01600
01605

905 DATA(l,I)-NS
MTA(lO.I)-FLOAT(1NDE.f)

01610 DATA(2,i):TA
01620 DATA(3.1)~FLaJ
01635 DATA(5.1)~SW/AREA*lOO,
01640 IF(I.LE.ISTART)GOTO 300
01650 AVGTA-A"GTA+TA
01660 AVGW-AVGFR+PRECIP
01665 IF(FL(Y.LT.-900.)GOTO 620
01670 AVQ-AV(P+FL(W
01675 VAR-"AR+FLW**Z
01677 IXNTRF-IXNTRFtl
01680 620 AVGNS-AVGNWNS
01685 A'JGRR-AV(aR+RR-?iELT*1000000.*79.7
0 1690 IKNTR-IKNTR+l
01700 300 CONTINUE
0171occ*****
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0172cCC*****  K)NT"LY LOOP -DATA FRBPARATION  (END)
0173ccc*****
0174ccc*****
0175cCC*****  SUNNARY INFORMATION
0176OZC*****
01770 FI-IRNTR
01780 AVGTA-AVGTAtFI
01790 AVGPR-AVGPRfFI
01800 A~GT-AV~//FL~AT(IKNTRF)
01805 VAR-VAR/FLOAT(IKNTRF)-A',@**2
01806 MEAN-AVQ
OlSlO AVGNS-AVGNSIFI
01820 AVGEVP-AVGNS-AWE
01830 AVGHPLE-0.
01840 DO 910 I-l.INODAYS
01850 SPLSE-EXP(bATA(2,I)fTBASE)
01880 DATA(4,1)-HPLSE
0 1890 IF(I.LE.ISTART)GOTO  910
01900 AVGSPLE-AVGHPLWSPLSE
01910 910 CONTINUE
01912 CONS-AVGRRIAVGHPLE
01913 AVGHPLE-O.
01914 DO 911 I-l,INODAYS
01915 HPLSE-DATA(4,1)/(596.-. 52*DATA(2,I))/1000000.*CONS
01916 IF(I.LE.ISTART)GOTO 911
01917 AV&PLE-AVGHPLkPLSE
0191.3 911 DATA(4,I)-HPLSE
0 1920 AVGSPLE-AVGHPLEIFI
01930 AVGEVPP-AVGWLE-AVGEVP
0249ccc*****
025OCCC*****  INPUT INITIAL VARIABLE VALUES
0251CCC*****
02520 USZM-.0069S*AREA/lOO.
02530 LSZM-.03335*AREA/lOO.
02540 GZM-0.00000*AREA/100.
02560 SS-.00931*AREA/lOO.
025SOZC*****
0259@C***** INITIALIZE
026OcCC*****
02610 AVQM - 0.
02620 "ARM-O.
02630 A(ODIO.
02660 AVGSSZ - 0.
02690 AVGUSZ - 0.
02700 AVGLSZ - 0.
02710 AVGGZ - 0.
02720 AVGEVM - 0.
02740 SSQERR - 0.
0276CCC*****
0277CCC*****  MONTHLY LOOP (BEGINNING)
027SOZC*****
02790 DO 100 1-1.111

INPUT PREPARED DATA
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0282cCc*****
02830
02840

- UATA(l.1)
ELSE-UATA(4.1)

02850 FLM - DATA(3.1)
02855 DAY-DATA(10.1)
0286mc*****
0287@zc***** MASS BALANCE
0288oCC*****
02890 CALL O"TFLW(NF.1
029occc*****
02910 DATA(Z,Ib=NS
02912 UATA(6,1)-USZM/AREA*lOO.
02914 UATA(7.I)=LSZM/AREA*lOO.
02916 DATAi8;Ij-GZM/ikEA*IOO.
02918 DATA(9,1)=SS/AKEA*lOO.
02920 IF(I.LE.IIST)GOTO 100
02925 IF(FLW.LT.-900.)GOTO 625
02930 AVWM-A"p'M+NS
02940 "ARM-"AB"+NS**Z
02950 A(OD=PROU+FL(W*NS
02960 SsQSSR=SSQESF.+(FLaJ-NS)**2
02980 625 AVGSSZ=AVGSSZ+SS
03010 A"G"SZ=A"GUSZ+USZMA"G
03020 AVGLSZ-AWLSWLSZEIAVG
03030 A"GGZ=A"GCZ+GZM
03040 AVGEW-A"GE"M+E"AP
03080 100 CONTINUE
0309mc*****
031occc*****
0311occ*****
0312wc*****
0354ccc*****
0355ccc*****

MONTSLYLCOP  (END)

SUMMARY INFORMATION
0356cCC*****
03565 FI=FLOAT(IKNTSF)
03570 AVGFM=AVGFM/FI
03580 VARM=vARM/FI
03590 "ARM="AiW-A"GFM**Z
03600 FROU=PROD/FI
03610 EXVA=~PI(OD~EAN*AVGFM~**~IVARIVARM
03620 SSQERR=SSQEER/FI
03630 FI=FLOAT(III-IIST)
03680 AVGSSZ=AVGSSZ/FI
03690 A"cusz=A"cusz/FI
03700 AVcLS2=AVGLS2/FI
03710 A"GW=A"CGZ/FI
03720 AVGE"M=AVGE"MJFI
03760 A"Gm=AYGPR,AREA*100.
03770 AVGF=AVW/AREA*lOO.
03780 AVGHPLE-AVGHPLE/AREA*lOO.
03790 AVGNS=AVGNS/AREA*lOO.
03800 AYGE"P=AYCE"P,AREA*100.
03810 AYGE"PP=AYGE"PP,AREA*100.
03830 559 FORMAT(6El3.6EZ)
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0 3 8 4 0 MEAN+fEAN/AREA*lOO.
0 3 8 4 5 "AR=SQRT("AR)/AREA*lOO.
0 3 8 5 0 AVGFH-AVGFM/AREA*lOO.
0 3 8 5 5 AVGE"M=AVGEW/AREA*lOO.
0 3 8 6 0 AVGSSZ-AVGSSZ/AREA*IOO.
0 3 8 6 5 AYGUSZ-AVGUSZ/AREA*lOO.
0 3 8 7 0 AVCLSZ-AVGLSZ/AREA*lOO.
0 3 8 7 5 A"GGZ=A"GGZ/AREA*100.
0 3 8 8 0 SSQERR-SQRT(SSQERR)iAREA*lOO.
03885 EXVA=SQRT(EX"A)
03910 REWIND 7
0 3 9 4 0 WRITE(7,1000) INAME
03950 !iRITE(7,1020)  IPDMR,ILMR
03960 1020 FOR"AT(/,19HFR(M  MONTS AND YEAR,I8,18H TO PI)NTS AND YEAR,IS,
03965+ 2% IN CALENDAR MONTH GROUPS,/)
03970 WRITE(7,1030)
",;M;;  1030 FORMAT(5Z CONSTANT AL* EDS TSASE(C) AREA(

WRITE(7,559) CONS,ALSEUS,TSASE,AREA
0 4 0 0 0 WRITE(7.1040) AVGTA,AVGA(,AVGT,AVGHPLE,AVGNS,AVGEVP,AVGEVPP
04010 1040 FORMAT(/,ZatCALSNDAR  MONTH AVERPEES,
0402Ot /,3M TPIPERATURE  (C):,E13.6EZ,
0403Ot /,3m PaECIPITATION  (CH.):,El3.6E2,
04040+ /,37H FLW (CM.):,E13.6EZ,
0405Ot /,3M "RAT LOSS, WATER EQU. (CM.):,E13.6E2,
04060+ 1,37H NET SUPPLY (CM.):,E13.6E2.
0407Ot EVAPOTRANSPIRATION  (CM.):,E13.6EZ,
0408oc POT. EVAPOTRANSPIRATION  (CM.):,E13.6E2)
04100
0 4 1 1 0  1 0 5 0  FORMAT(;,39H USF,C("3) ALPPER(D-1) ALPUS"(M-3).
0412Ot 26H ALPDFR(D-1) ALPINT(U-1))
0 4 1 3 0 WRITE(7,559) USZC,ALPPER,ALPURY,ALPDR(,ALPINT
04140 WRITE(7,1060)
04150 1060FORKAT(/,39H  ALPLEVY-3) ALPaJ(U-1) ALPGE"W3),
0416W 26H ALFSF(D-1) ALPSE"V-3))
0 4 1 7 0 ,,RITE(7,559)  ALPLRV,ALPW,ALPGEV,ALPSF,ALPSE"
0 4 1 8 0 WRITE(7,1070)
04190 1070FOW,T(/,25RCALENUAR  MONT?! STATISTICS)
0 4 2 0 0 WRITE(7.1080) MEAN,"AR,
0421Ot A"GFM,A"GE"M,A"GSSZ,A"G"SZ,A"CLSZ.A"G(;Z.SSQERR.EXVA
0 4 2 3 0  1 0 8 0  FORMAT(  3 7 ” FLCl4 HEAN
0424Ot /,3m FLCN STD. DEV.
0425C+ M)UEL 1 MEAN
0 4 2 6 M ‘G E"APOTRANSPIRATION
04270+ 113m MEAN ss
04280+ 1.m MEAN USZH
0429oc 1,378 MEAN LSZM
04300+
0431ot
0432Ot

(CH.j:,E13.6EZ.
(CM.):,E13.6E2,
(CM.):,E13.6EZ,
(CM.):,E13.6EZ,
(CM.):,E13.6EZ,
(CM.):,E13.6EZ,
(CM.):,E13.6E2,
(CM.):,E,3.6SZ,/,3M MEAN  GZM

1,376 RMSE  (CM.):,E13.6EZ,
/.3M COEFFICIENT OF CORRELATION:,E13.6EZ,/)

0 4 4 1 0 WTE(7;  iO90)
04420 1090 FOlWAT(45HFL(Y RATES AND NET SUPPLY IN CUBIC METERS PER
04425e 1% CALENDAR "ONT",10X,39HSTORAGES  IN CENTIMETERS OVER THE BASIN ,
04427+ 23”CN THE END OF THE HONTH,
0443Ot /,5M ACTUAL FLW MODEL FLCW NET SUPPLY USZM *
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0443st0443st 531 LSZM GZM
04440 *-I’0 4 4 4 0

ss
IIST=IIST+l

SNaJ WATER)

0 4 4 5 00 4 4 5 0 DO 750 I-IIST,III
0 4 4 6 00 4 4 6 0 751
n I I ‘ E0 4 4 6 %

75OmITE(7.1100)  DATA(~,I),DATA(~,I),DATA(~.I),DATA(~,I),DATA(~,I),
04470 1100 DATA(E,I),DATA(9,I),DATA(S,I)

FOF.MAT(EE13.6E2)
0 4 4 8 0 RLWIND 7
04490
0 4 5 0 0
0 4 5 1 0
0 4 5 2 0

RRWIND 5
STOP
END
SUBROUTINE OUTIWZd (NS)

(SEE LISTING FOR CALIS)

0 7 4 6 0 SUBROUTINE LENGTH(IFDP,ILDP,INODAYS)

(SEE LISTING FOR MMCAL)
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Appendix C.--EXAMPLE INPUT FILES OF HYDROMETEOROLOGICAL
DATA (DATA and MDATA)
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C.l Daily Hydrometeorological  Data (DATA, partial listing)

COMSIN@T, SUBBASINS: 1111111111111111111111
3318 DAILY RECORDS STARTING 1 12 1969
(1X,13,13,15.5X,2F10.2,2F20.0)
DAY MONTH YEAR ‘ItfIN TUAXK)

.4i
3.18

-4.34
-5.23
-.65
.91

-.21
.Ol

1 12 1969 -14.46
2 12 1969 -8.17
3 12 1969 -11.26
4 12 1969 -15.97
5 12 1969 -15.26
6 12 1969 -7.49
7 12 1969 -4.47
8 12 1969 -5.23
9 12 1969 -5.96
10 12 1969 -8.64
11 12 1969 -11.31
12 12 1969 -10.89
13 12 1969 -11.65
14 12 1969 -11.00
15 12 1969 -14.37
16 12 1969 -18.08
17 12 1969 -7.53
18 12 1969 -7.90
19 12 1969 -12.69
20 12 1969 -16.34
21 12 1969 -16.54
22 12 1969 -26.13
23 12 1969 -26.15
24 12 1969 -24.58
25 12 1969 -10.18
26 12 1969 -10.70
27 12 1969 -15.38
28 12 1969 -13.03
29 12 1969 -12.25
30 12 1969 -16.62
31 12 1969 -16.34
1 1 1970 -17.62
2 1 1970 -18.86
3 1 1970 -18.31
4 1 1970 -20.13
5 1 1970 -24.13
6 1 1970 -24.05
7 1 1970 -26.63
8 1 1970 -21.85
9 1 1970 -19.41
10 1 1970 -23.73
11 I 1970 -19.24
12 1 1970 -18.05
13 1 1970 -28.01

-1.73
-2.28
-3.85
-5.48
-3.47
-5.71
-5.78
-3.45
-1.11
-2.47
-6.62
-6.36
-7.95
-14.10
-11.87
-6.25
-5.03
-3.56
-3.66
-4.66
-4.76
-5.61
-6.56
-7.61
-7.86
-7.21
-9.31
-13.39
-14.66
-14.72
-11.69
-12.65
-9.93
-7.77
-9.66
-18.61

R(ECIP(M3,D)
8076520.

111788690.
172579693.
30244749.

0.
148430030.
923058231.
1199378354.
771683365.
292391647.
34669370.
171080964.
359620031.
226498489.
70565998.
77005575.

212989949.
219585344.
125212475.
370082621.
158044914.
59220370.
57357942.

424892148.
302235708.
218479582.

3775045.
293822087.
217587799.
33165905.
30339043.
119942938.
274472937.
193964436.
521543288.
50393751.
15266223.
120112298.
202045239.
86316744.
58263744.

658749011.
145510044.
48365094.

FLar(n3fD)
108116487.
108561833.
106388330.
104232792.
103014651.
102788234.
101809911.
101726518.
104755007.
104007556.
104815042.
105704279.
103790161.
99250936.
105579107.
108490664.
105518246.
102042547.
105712963.
101384836.
101007934.
105667365.
104628278.
94943385.
78546245.
90275678.
98069180.
97063930.
96759840.
100596282.
92148727.
72890601.
89804590.
95916193.
95263317.
99352180.
99849855.
104905632.
102138397.
106238464.
102702188.
96155270.
105319287.
107218303.

a2



14 1 1970
15 1 1970
16 1 1970
17 1 1970
18 1 1970
19 1 1970
20 1 1970
21 1 1970
22 1 1970
23 1 1970
24 1 1970
25 1 1970
26 1 1970
27 1 1970
28 1 1970
29 1 1970
30 1 1970
31 1 1970
1 2 1970
2 2 1970
3 2 1970
4 2 1970
5 2 1970
6 2 1970
7 2 1970
8 2 1970
9 2 1970
10 2 1970
11 2 1970
12 2 1970
13 2 1970
14 2 1970
15 2 1970
16 2 1970
17 2 1970
18 2 1970
19 2 1970
20 2 1970
21 2 1970
22 2 1970
23 2 1970
24 2 1970
25 2 1970
26 2 1970
27 2 1970
28 2 1970
1 3 1970
2 3 1970
3 3 1970
4 3 1970
5 3 1970
6 3 1970
7 3 1970
8 3 1970

-29.80
-20.84
-20.74
-28.60
-30.86
-33.71
-32.54
-31.23
-26.69
-29.92
-18.39
-12.19
-12.22
-14.64
-8.10

-23.59
-21.65
-10.91
-11.14
-29.92
-36.92
-33.26
-19.74
-18.93
-14.93
-21.07
-21.86
-13.27
-21.94
-27.18
-31.01
-32.88
-24.26
-29.97
-17.40
-16.93
-26.57
-23.52
-16.85
-12.04
-20.02
-16.57
-25.71
-22.23
-24.90
-25.61
-17.76
-13.89
-5.39
-6.02

-17.97
-13.38
-21.28
-21.32

-15.12
-6.45
-9.33

-18.42
-20.61
-20.07
-20.28
-14.69
-13.19
-10.25
-5.41
-3.83
-3.83
-2.25
-. 76

-9.71
-3.89
-.42
-.56

-14.33
-22.50
-12.71
-6.88
-2.35
-.99

-3.56
-3.04
-4.27

-10.18
-16.56
-17.13
-12.68
-12.12
-8.90
-5.00
-7.45
-11.91
-8.48
1.28
.85
.42

-6.26
-10.89
-7.53
-5.66
-3.59
-3.55
-2.35
1.43
.99

-1.92
-3.68
-8.69
-5.79

215449036.
662128087.
292106081.
25176025.
33004400.
21953751.
38369782.

118731998.
224882573.
65611697.
146898803.

6269451.
419361750.
148412733.
926471074.
74064841.
50003272.

237583106.
441770054.
71699494.
47252258.

228485125.
261424510.
105687336.
18487849.

626233.
135181132.
136560130.

9478574.
39913007.
17487412.
16506746.
11780599.

955551356.
787396589.
38526086.
6031728.
13451181.
2167282.
9828727.

109182735.
59125958.
149009508.
285028092.
15277426.
4334783.

200671527.
106298004.
1169796727.
256336882.
303101982.
88823565.
27047445.
15044201.

105858150.
102004273.
101474341.
102899553.
101612394.
105505053.
108704160.
103892080.
103208375.
103222972.
99498212.
99449949.

102402958.
104685406.
99748869.
97993970.
98818238.
93806108.
85454739.
96685153.

102955938.
104106677.
102444000.
100906625.
98291565.
93862388.
97406672.
99707234.
103404957.
99302776.

102214767.
98017411.
93770677.
96197479.
97099400.
99178882.
98539939.
100914211.
97326309.
85189914.
98145321.

102058989.
101765055.
102141920.
98709747.
94061505.
84368835.
97031677.
100371706.
100316365.
94844644.
93751640.
91403870.
85968985.

a3



9 3 1970
10 3 1970
11 3 1970
12 3 1970
13 3 1970
14 3 1970
15 3 1970
16 3 1970
17 3 1970
18 3 1970
19 3 1970
20 3 1970
21 3 1970
22 3 1970
23 3 1970
24 3 1970
25 3 1970
26 3 1970
27 3 1970
28 3 1970
29 3 1970
30 3 1970
31 3 1970
1 4 1970
2 4 1970
3 4 1970
4 4 1970
5 4 1970
6 4 1970
7 4 1970
8 4 1970
9 4 1970
10 4 1970
11 4 1970
12 4 1970
13 4 1970
14 4 1970
15 4 1970
16 4 1970
17 4 1970
18 4 1970
19 4 1970
20 4 1970
21 4 1970
22 4 1970
23 4 1970
24 4 1970
25 4 1970
26 4 1970
27 4 1970
28 4 1970
29 4 1970
30 4 1970
1 5 1970

-22.17
-24.18
-19.57
-17.78
-14.99
-17.11
-18.19
-18.63
-12.55
-13.72
-12.35
-7.87
-7.78
-8.75
-8.38
-7.92
-8.20
-8.49

-15.78
-22.14
-24.51
-12.09
-14.53
-16.23
-16.84
-11.83
-11.34
-10.49
-3.96
-7.61

.50

-5.80
-4.74

4.78

-1.49
-2.14

6.93

-3.70
-7.14

7.97

-2.57
2.47
4.89
6.64
8.38
7.44
6.77
6.51
5.82
4.72
3.76
.36

-3.73
-7.95
-4.14
-.15
.03
.26

2.36
2.97
1.08
2.09
4.03
8.97
12.44
1.83
.62

2.28

12644008.
1027305.
394071.

56708898.
55023445.
12104882.
5150256.
2 12355.

0.
0.
0.

125196556.
8786307.

0.

95453413.
99362028.
99702755.
92263343.
90794718.
87279478.
76789437.
88168736.
91708408.
95084925.
88934126.
92188817.
86757663.
83018443.
94631146.
97362609.
96791513.
101918160.
93525544.
93451432.
79135001.
89342592.

101801603.
98440794.
96020032.
97344438.
96828805.
90761285.
95560143.

109667946.
139491337.
178088236.
167530675.
150075044.
140455845.
149746179.
162579761.
172240649.
200087451.
222080562.
202262127.
174479649.
175402790.
181932749.
186986102.
245644663.
250294406.
263204357.

0.
168982.
703904.

231420775.
308606516.
19514221.

201231116.
424283194.
16089000.
51273726.

396413.
23977426.
141837296.
546158367.
100347573.

318533.
26266568.
56369534.
3413770.

-8.88

-6.28
-10.85
-10.30

-5.21
-3.90

0.
0.
0.
0.

-2.65 9.40
-. 02 6.27
-1.36 4.65

121804427.
719857506.
48959065.

626233.
478278196.
1525120699.
181258718.
905571609.
794118374.
48355356.

0.
55480781.

962250467.
479581742.
717925366.
210230162.
985258142.

-4.30 7.06
-3.62 6.41
-. 68 3.47
-.20 4.78

-1.32 7.69
.17 6.27

-.95 9.21
-2.02 15.44

.94 17.17
2.27 16.37
4.73 12.94
3.73 19.43
5.62 17.28
1.29 9.22

341659692.
383654981.
381674165.
425792664.
436889960.

a4



2 5 1970
3 5 1970
4 5 1970
5 5 1970
6 5 1970
7 5 1970
8 5 1970
9 5 1970
10 5 1970
11 5 1970
12 5 1970
13 5 1970
14 5 1970
15 5 1970
16 5 1970
17 5 1970
18 5 1970
19 5 1970
20 5 1970
21 5 1970
22 5 1970
23 5 1970
24 5 1970
25 5 1970
26 5 1970
27 5 1970
28 5 1970
29 5 1970
30 5 1970
31 5 1970
1 6 1970
2 6 1970
3 6 1970
4 6 1970
5 6 1970
6 6 1970
7 6 1970
8 6 1970
9 6 1970
10 6 1970
11 6 1970
12 6 1970
13 6 1970
14 6 1970
15 6 197”
16 6 1970
17 6 1970
18 6 1970
19 6 1970
20 6 1970
21 6 1970
22 6 1970
23 6 1970
24 6 1970

-1.52 7.03 252247660. 434622416.
13.20
10.66

-1.67 7.04
-5.88 8.62

.87 15.04
2.77 13.51
2.12
-.71
-1.96
-. 38

-1.21
-. 63
3.38
1.83
-.21
6.45

5.50
3.63

4.65

2.47
5.57

.97

4.86
1.33
-.45
-.60
5.59
8.38
8.51
8.96
4.09
2.24
7.27
5.23
6.77
9.62
6.96
12.84
13.13
9.03
8.23
5.67
5.54
7.05

10.21
12.16
7.38
2.19
1.97
4.15
6.28
8.31
8.44

23.74

7.56
4.42

17.70

6.40
5.55

12.79

11.16
11.42
8.40
8.63

16.92

162784248.
47381201.
155379638.
29355015.
191051961.
157252875.

1357632329.
1274333845.
133256699.
77963074.
1203041.

33140193.
1373876743.
356640040.

5754377.
41977810.
11913499.

2909717775.
834040130.
85386711.
8350954.

382262964.
347730920.
330450160.
307358303.
284689552.
274083147.
285462321.
362091041.
351339978.
323157405.
299113087.
273247388.
272574500.
273504572.
251637137.
241522885.
241343495.
245281531.
337377931.
333359065.
305885152.
284436440.
292928009.
306668669.
294272180.
275834435.
260470335.
269187322.
316795125.
356775812.
346237689.
314867305.
282164179.
259030951.
225837722.
206849392.
207852299.
197430400.
189318551.
194059068.
195447010.
187034456.
181298751.
170580134.
164113576.
166602428.
175670663.
178670106.
168073589.
158283499.
153052726.
149575355.
148893984.

14.82
18.00
18.64
14.93
12.96
7.28

11.17
14.77
18.07
20.61
19.62
14.90
17.53
20.35
25.15
24.31
28.71
24.08
25.95
27.18
22.46
21.75
20.77
21.43
21.91
22.93
22.47
26.34
17.01
15.88
18.97
21.51
23.43
25.30
18.83

577721318.
1555685506.
122499765.

2 189350.
14939945.

1538626447.
661629087.

1738079906.
329932442.
35414612.

0.
0.
0.

403786518.
5064809.
7969937.

774972771.
1761752546,
402864860.
162950138.
86974525.
66787216.
5494743.

712451811.
790181798.

1169587918.
25718547.

0.
16827059.
81738618.

318051175.
95886851.

85



25 6 1970
26 6 1970
27 6 1970
ii 6 1970
29 6 1970
30 6 1970
1 7 1970
2 7 1970
3 7 1970
4 7 1970
5 7 1970
6 7 1970
7 7 1970
8 7 1970
9 7 1970
10 7 1970
11 7 1970
12 7 1970
13 7 1970
14 7 1970
15 7 1970
16 7 1970
17 7 1970
18 7 1970
19 7 1970
20 7 1970
21 7 1970
22 7 1970
23 7 1970
24 7 1970
25 7 1970
26 7 1970
27 7 1970
28 7 1970
29 7 1970
30 7 1970
31 7 1970
1 8 1970
2 8 1970
3 8 1970
4 8 1970
5 8 1970
6 8 1970
7 8 1970
8 8 1970
9 8 1970
10 8 1970
11 8 1970
12 8 1970
13 8 1970
14 8 1970
15 8 1970
16 8 1970
17 8 1970

3.84 16.27
6.02 19.39

61209029.
102934671.
16999969.

264317945.
25807754.

1374942434.
494290498.
102696643.

1164890060.
296959081.
48399098.
31753850.

1584634525.
562996460.
11272375.
27111484.
1748051.

380240367.
524417932.
879256446.
1222093884.
549939387.
33250583.

454181072.
1841628820.

20189885.
0.
0.
0.

270148611.
21150467.
117869993.
521246398.

145317170.
136723900.
130921687.
118863954.
120164492.
122423247.
101366919.
113293583.
12904423 1.
123710477.
109128809.
126779100.
122638437.
136805816.
128926946.
124368236.
117971001.
108031468.
121916339.
127208440.
129618132.
128580771.
125246710.
115619364.
119084098.
142670945.
138363088.
132793213.
129311278.
130202758.
123224917.
111104627.
117369047.
120053559.
118687259.
119089972.
114961792.
112940301.
102309484.
100326439.
104223050.
107554893.
108115512.
106441630.
98834814.
89327963.
95853616.
95522388.
97944232.
95710012.
91079342.
94860558.
90828833.
94318385.

5.12 21.68
6.86 22.15
12.18 28.48
12.44 27.35
13.69
11.54
10.94
9.54
6.95
9.95

12.13
12.21
8.64
10.86
13.01
12.78
14.81
15.50
13.56
11.37
12.12
6.21
8.27
6.25
7.19
9.46
11.32
10.84

27.42
27.21
22.02
22.20
23.68
25.08
26.24
23.35
26.73
27.98
27.76
26.03
24.67
25.07
22.15
25.95
23.14
20.39
17.58
22.02
24.19
25.51
25.97
24.16

14.12 27.75
15.27 30.11
15.89 27.71
12.93
14.32
16.83
14.90
12.52
12.73
8.61
4.63
9.37

10.31
12.40
13.54
13.61

28.28
28.04
27.55
26.10
24.95
22.40
18.74
21.04
24.62
26.92
27.28
27.68
28.11
28.27
27.95
27.75
29.91
30.07
26.13
21.12
20.86

3309081.
595787288.
397482394.
520595329.
48745822.
113875546.
57209367.

0.
4119528.

130975935.
33533622.

617512341.
0.

73440427.
99978856.

180577468.
2733175.

400660891.
759316861.
346434985.

0.

14.26
14.12
15.31
16.79
16.16
12.51
8.49
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18 8 1970

9 10 1970

19 8 1970

10 10 ,970

20 8 1970
21 8 1970
22 8 1970
23 8 1970
24 8 1970
25 8 1970
26 8 1970
27 8 1970
28 8 1970
29 8 1970
30 8 1970
31 8 1970

1 9 1970
2 9 1970
3 9 1970
4 9 1970
5 9 1970
6 9 1970
7 9 1970
8 9 1970
9 9 1970
10 9 ,970
11 9 1970
12 9 1970
13 9 ,970
14 9 1970
15 9 1970
16 9 1970
17 9 1970
18 9 1970
19 9 1970
20 9 1970
21 9 1970
22 9 1970
23 9 1970
24 9 1970
25 9 1970
26 9 1970
27 9 1970
28 9 1970
29 9 1970
30 9 1970
1 10 1970
2 10 1970
3 10 ,970
4 10 1970
5 10 1970
6 10 1970
7 10 1970
8 10 1970

10.42
14.88

6.90

9.71

1.65

5.08
9.98
11.83
9.92
9.57
9.53

10.08
8.64
4.00
8.35
2.54
2.93
8.50
14.10
12.39
8.26
11.44
15.66
10.05
9.58
7.04
4.02
4.98
.3,
.oo

1.55
4.14
5.23
6.72
7.45

11.76
13.39
7.96
3.86
6.69
7.63
5.62
2.28

-1.28
1.74
2.37
2.51
5.09
.66

-.81
.27

6.64
8.19
6.39

25.28
23.26
21.10
20.92
19.33
20.13
22.81
24.85
21.55
20.13
20.98
18.98
17.65
19.61
21.37
19.85
21.22
20.04
22.53
23.99
23.95
22.63
23.25
16.66
16.20
15.26
10.76
10.30
9.13
13.88
16.43
17.08
22.35
23.68
22.03
16.40
14.74
12.79
12.72
11.99
9.21

10.02
13.95
11.94
16.16
13.11
7.09

10.41
17.34
19.39
16.48
11.75
16.76
10.50

174192853.
564052007.
284402837.
95171523.

843774484.
173585922.
127686126.
93648896.
96972364.
918959849.

2064412.
439076465.
469548009.

1572731.
39164808.

2094468259.
1018362617.
459438434.

1798696.
107846400.
947263751.
177278448.

1940866112.
1456189518.
244673457.
905603614.
32357221.
74844534.

954054347.
82916742.
20665432.
9613777.

0.
1010675300.
1312122345.

61060310.
128288185.
844140045.
818024224.
533429294.
60717057.

321140916.
272524555.

104633.
141844981.
409314244.
317372858.
54188425.

0.
141511490.

1100867042.
2260804634.
1594204290.
296167556.

91853584.
89561949.
90238404.
92184994.
87619657.
87404158.
87373182.
92808489.
90272703.
90256905.
93072072.
70909598.
73483505.
91997190.
90429458.
89685082.
92901248.
90058176.
8302,253.
75360275.
66374333.
8277831,.
98611116.
101403132.
107906703.
105519393.
103746613.
105045830.
108576004.
109825634.
107944414.
108236728.
105268500.
100707789.
115590438.
130745774.
129328122.
129669261.
132682019.
132424583.
130057958.
130888197.
13123,171.
130105504.
127529937.
119972112.
121848400.
120907053.
116629620.
117718251.
121769047.
137562124.
156824861.
165510983.

a7



11 10 1970
12 10 1970
13 10 1970
14 10 1970
15 10 1970
16 10 1970
17 10 1970
18 10 1970
19 10 1970
20 10 1970
21 10 1970
22 10 1970
23 10 1970
24 10 1970
25 10 1970
26 10 1970
27 10 1970
28 10 1970

-1.23
2.82
3.21
.55

-3.29
-4.09
-1.87
-1.95
-4.13

8.72
12.41

8.66

11.61
7.67

9.76

4.58
9.45

8.91

14.76
10.72
13.13
14.40
12.00
12.32
12.63
11.34
13.14
11.99
11.31
10.30

459461225.
241245251.
308709721.
34270963.
40899722.
5538115.

153127156.
161625976.
156314195.
155063352.
146600270.
144267765.
138685280.
128468772.
136451130.
121293690.
122968117.
121876805.
124860180.
127134442.
125088848.
128664654.
181616416.
251444726.
275700882.
262133567.
266187318.
257715824.
249657696.
236211197.
225755270.
215065027.
202912230.
195228561.
184714095.
187538535.
217490911.
237895576.
241221313.
227673615.
210224048.
197760922.
193546389.
183673164.
175965084.
176583006.
180673867.
180330913.
173972698.
167062762.
167583382.
171115058.
171152979.
167092601.
163772632.
162010785.
160483275.
170814436.
195299627.
203880612.

0.
0.
0.

7061921.
172968565.
116847333.
95484476.

1027435280.
247169355.
393868356.

2222562966.
2686008436.
748498209.
516809563.
1304243874.
213053035.
107645495.
54938783.
19833877.
6975571.
8516767.
916013.

2.60

.57
3.56
3.16

1.16

6.80

2.33

7.47
7.62
6.14
6.00
5.97

29 10 1970
30 10 1970
31 10 1970
1 11 1970
2 11 1970
3 ,I 1970
4 11 1970
5 I1 1970
6 11 1970
7 11 1970
8 11 1970
9 11 1970

10 I1 1970
11 ,I 1970
12 11 1970
13 11 1970
14 11 1970
15 11 1970
16 11 1970
17 11 1970
18 11 1970
19 11 1970
20 11 1970
21 11 1970
22 11 1970
23 I1 1970
24 11 1970
25 11 1970
26 11 1970
27 11 1970
28 II 1970
29 I1 1970
30 11 1970
1 12 1970
2 12 1970
3 12 1970

-2.68

-3.86

.93

-.89
-2.82

-3.27

-. 20

-5.55
-4.21

-2.72

-.96

.I0

.45
-.87
-5.30
-9.19

-10.44
-10.66

-.48
-1.19
-7.39
-12.68
-12.63
-15.96
-11.44
-9.84

-19.24
-16.32
-10.04
-14.56
-4.18
-9.80

-15.28

7.79

5.85

6.63

1.43

7.25

6.81

5.74

.67

3.77

6.09

5.65

3.44

4.90

2.97

3.33
.28

-3.41
-3.44
-. 13

81528654.
1672615208.
276671515.
940119288.
148607233.
24806198.
15793027.
12441474.
52006826.
103352681.
711628044.
363574884.
787332325.
170929277.

1438875094.
285884810.
338805938.
375375007.
278577782.
56876503.
149424676.
266503581.
195530574.

1736107159.
55308943.
393280336.

2.00
-1.42
-5.44
-8.32
-5.27
-. 89
-2.84
-4.69

.22
2.06
1.18
4.67

-1.82
-6.70
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4 12 1970
5 12 1970
6 12 1970
7 12 1970
8 12 1970
9 12 1970
10 12 1970
11 12 1970
12 12 1970
13 12 1970
14 12 1970
15 12 1970
16 12 1970
17 12 1970
18 12 1970
19 12 1970
20 12 1970
21 12 1970
22 12 1970
23 12 1970
24 12 1970
25 12 1970
26 12 1970
27 12 1970
28 12 1970
29 12 1970
30 12 1970
31 12 1970

-13.62
-14.32

-19.21
-23.14
-11.74
-12.54
-19.03
-20.62
-16.45
-1 1.87
-15.83
-16.35
-10.50
-9.33
-9.11

-18.50
-25.16
-30.22
-20.38
-14.79
-16.54
-21.18
-22.69
-19.66
-21.04
-24.60
-19.26
-9.11

-4.19
-4.13
-11.27
-4.85
-3.04
-5.17
-8.84
-6.47
-2.77
-3.28
-8.17
-3.84
-1.73
-3.45
-2.95

-10.34
-15.05
-15.17
-9.20
-6.37
-7.69
-13.23
-9.37
-10.51
-10.38
-9.46
-5.29
-3.20

595981734.
420726633.
80080619.
518624544.
411104892.
169509869.
17764287.
4537348.

0.
355322263.
46725517.

285939045.
102388489.
190337322.
332622206.
91866770.
64972405.
75142698.

707445270.
663024960.
323976136.
106700486.
304493868.
110597178.
41377426.
93722488.
60971648.
166969702.

190155836.
179991224.
173532175.
170833353.
164667236.
165442466.
161987406.
160414172.
158448191.
153107025.
153002224.
151657064.
152727221.
145874143.
146903823.
144800782.
139261305.
139760970.
138612429.
136081966.
125357208.
105888002.
122030198.
129902641.
131777076.
132076692.
129090491.
126151931.
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C.2 Monthly Hydrometeorological Data (MDATA, complete listing)

COHSIND, SUBBASINS: 11111111111111111111l~
109 MONTHLY RECORDS STARTING 12 1969
(,X.13,15,2X,13.5X,F10.2,2F20.0)
MT” YEAR DAYS/M
12 1969 31
1 1970 31

-8.65
-16.29
-15.17
-7.48
1.66
7.19

14.74
18.47
17.16
11.71
7.25

-2.53
-11.60
-17.21
-12.61
-7.64
1.89
7.48

15.11
15.02
15.17
13.00
8.69

-2.62
-10.21
-17.39
-15.90
-9.64
-. 27
10.93
13.44
15.38
15.50
9.71
3.50

-3.45
-14.58
-11.73
-12.93
-1.36
2.08
7.82

13.92
16.97

PI(ECIPM3,t.f)
7323862639.

2 1970 28
3 1970 31
4 1970 30
5 1970 31
6 1970 30
7 1970 31
8 1970 31
9 1970 30
10 1970 31
11 1970 30
12 1970 31
1 1971 31
2 1971 28
3 1971 31
4 1971 30
5 1971 31
6 1971 30
7 1971 31
8 1971 31
9 1971 30
10 1971 31
11 1971 30
12 1971 31
1 1972 31
2 1972 29
3 1972 31
4 1972 30
5 1972 31
6 1972 30
7 1972 31
8 1972 31
9 1972 30
10 1972 31
11 1972 30
12 1972 31
1 1973 31
2 1973 28
3 1973 31
4 1973 30
5 1973 31
6 1973 30
7 1973 31

6201424206.
3977251909.
3646386125.
8199777905.
16697269286.
9100620696.
12679540062.
7153823302.

15929633031.
16945358851.
9159140140.
8527622241.
7244105438.
8407211503.
5755529793.
4377398481.
14293789811.
9777880661.
10081670509.
7400918436.
13514213901.
15985789127.
10712132625.
7976228893.
10072206993.
5423797431.
8021947648.
3703020725.
6573265510.
7699854798.

16378385150.
15827502437.
13510970862.
6436038053.
6664663091.
8187124206.
4150393969.
4240131196.
6375732502.
6480826066.
11011827994.
13530688892.
11243728829.
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FL(YR13,M)
3147396941.
3112539339.
2749860251.
2863523614.
5876491509.
9495577425.
5752134095.
3807171333.
2915227839.
3226123019.
4735845929.
5882083415.
4699529926.
3697789637.
3250116039.
4072301034.
10322146905.
10278602704.
6601431327.
3794552755.
3050061820.
2642753058.
4684515460.
6371727609.
4457489151.
3577998869.
3211963899.
3509511143.
6554839122.
11175484341.
4602812802.
4210169030.
5390660434.
4391347506.
4425503856.
4233935087.
2891535108.
2867535520.
2407428707.
4917381998.
6728572041.
8469325144.
4531810109.
3710284514.



11494673400.
7725218939.
7945447375.

13845010023.8 1973 31
9 1973 30

10 1973 31
11 1973 30
12 1973 31
1 1974 31
2 1974 28
3 1974 31
4 1974 30
5 1974 31
6 1974 30
7 1974 31
8 1974 31
9 1974 30

10 1974 31
II 1974 30
12 1974 31

1 1975 31
2 1975 28
3 1975 31
4 1975 30
5 1975 31
6 1975 30
7 1975 31
8 1975 31
9 1975 30
10 1975 31
11 1975 30
12 1975 31
1 1976 31
2 1976 29
3 1976 31
4 1976 30
5 1976 31
6 1976 30
7 1976 31
8 1976 31
9 1976 30
10 1976 31
I1 1976 30
12 1976 31
1 1977 31
2 1977 28
3 1977 31
4 1977 30
5 1977 31
6 1977 30
7 1977 31
8 1977 31
9 1977 30
10 1977 31
II 1977 30
12 1977 31

1 1978 31

17.89 3704085107.

-11.96

11.31

-16.06
-15.31
-8.61

8.31

.86
6.65

-2.35

13.49
17.83
15.41
8.43
4.42

-1.66
-7.16

-12.83
-11.54
-8.08
-. 93
11.63
14.75
LB.56
16.35

3115609429.
2536722465.
2279490001.

3408806945.

2535.937375.
6731012834.

4231127331.

9156156069.

3753480432.

10479770859.

6238871541.
7009343585.
3846087475.

8711495632.

5053842908.
9678036024.
11022932912.
11287224941.
10980170607.
16763232896.

7154288631.
4254235668.

3656333275.
3960~315655.

4424326060.
9870435662. 4711842321.
4427570103. 3528476423.
10815731655. 3507353051.
4423776360. 2933310555.

14965951396.

8549283475.

6533139492.

8508748851.

5115779098.

5413585133.

7094216835.
10089071761.

6972698725.

8434574508.
12760693687.
6425658632.
9127686983.
6431880818.
12516232005.
5607620558.
2652565643.
13146408529.

5480322502.

3194632452.

3323726610.
2248434935.

7239048609.

2477223717.
2550667670.

9404935553.

3442916373.

9.87
6.43

-1.31
-11.81
-16.36
-9.28
-7.81
3.60
8.52

3231732344.

2683855765.

2658552459.
2502672761.
3856376722.

2112531819.

12122170464.
6352364971.
3742319834.16.02

17.30
16.85
10.59
2.87

-5.42

6151474534. 1819149725.
5313169943. 1918722660.
6005922291. 2001493222.

-16.95
-17.93
-10.68

7656582588.
5923829897.
6485497782.
12907347146.
6965720508.
7081643997.

14050584713.
11184502109.
17162088227.
16121574852. 6535466997.
8187569399. 6321726720.
10346631787. 5217429084.

1761884847.
1388030459.
1284055352.
3045613774.
7071988313.
4014709740.
2683441266.
2465765038.
2122578630.

-2.08
3.77
12.95
13.22
17.11
13.53
11.43
6.07

-1.30
-11.22
-16.16

9077847920. 3959452759.
4061884335. 3236606047.
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2 1978 28
3 1978 31
4 1978 30
5 1978 3 1
6 1978 30
7 1978 31
8 1978 31
9 1978 30
10 1978 31
11 1978 30
12 1978 31

- 1 4 . 3 1 2 1 6 5 5 1 8 6 4 5 .
- 7 . 4 2 3 7 8 6 4 6 3 3 2 3 .

.98 4457998897.
1 0 . 7 2 11872752676.
1 2 . 9 4 10561592174.
16.28 15314726821.
1 6 . 2 4 15072970274.
12.07 8661599593.

3 . 6 2 6765103095.
- 4 . 0 0 8 0 1 3 1 9 9 6 5 4 .

- 1 3 . 6 5 7 4 1 7 7 0 5 0 5 0 .

2 6 3 8 7 7 6 7 5 8 .
2689962962.
5673173449.
6411670319.
5303165497.
4 2 0 8 6 4 4 7 3 3 .
3539859702.
3134950834.
2892379553.
2 6 1 7 6 8 0 7 6 3 .
2 7 5 5 8 4 9 8 0 6 .
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Appendix D.--EXAMPLE APPLICATION INPUT PARAMETER
FILES (PARM and MPARM)
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D.l Example Input for Simulation Program Using Daily
Meteorological Data (PARM)

SUPERIOR: ALL BASINS 1-22
128925B+12

’ 630
01121969
31121978

7
. 19owo1
.3ooB+o9
.27cE+Ol
. lOoB-09
.6OoE-02
. 17oE-01
.93OE-03
.351X-02
. 17oB+oo
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D.2 Example Input for Simulation Program  Using

Monthly Meteorological Data (MPARM)

SUPERIOR: ALL BASINS 1-22
. 128925E+12

n.

1219:;
121978
.82oBulO
. 71OR+O9
.36GE+Ol
.59OE-08
.2ooJ+o2
.8OOE-02
.48oE-03
.ZlOE-02
.31OE+Oo
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Appendix E.--EXAMPLE APPLICATION OUTPUT (SUMARY AND MSUM)
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E.l Example Output From Simulation Program Using Daily
Meteorological Data (SUMARY)

COMBINDI SUBBASINS: 111111111111111111111l

ma4 DAY 630 TO DAY 3318 IN I-DAY CXOWS

CONSTANT ALBEDS TBASE(C) AREA
.128195E+l5 .3ooooOEw9 .19000lx.+01  .128925E+l2

DAILY AVBRPGES
TMPBR*TunE  02): .21196~+01

PRECIPITATION (CM.): .226879EfflO
FI,(W (IX.): .10609E+00

HEAT LOSS, WATER EQU. WI.): .72173lE+oO
NET SUPPLY (CM.): .22259VE+oO

E”*POTRmSPIR*TION  (CL): .116506E+OO
POT. E”*POTBANsPIRATION  ml.): .605225EWO

“SZC(l43) ALLPPER(D-1)  ALPoE”(M-3)  ALPOFR(D-1)  ALPINT(O-1)
.25785~+10 .270OOO~x)l  .,OOOOoE-09  .17OOOoE-01 .6OOOOoE-02

ALPLEV  m-3 ) ALPW(D-1) ALPCEVW3) ALFsF(D-1) ALFSEVRI-3)
.93oooOE-03 .35OOOOE-02  0. .17000m+00 0.

7-DAY ST*TISTICS
FLCW MEAN (CM.): .74265.Z+oO

FL(Y STD. DE”. (CM.): .426877E+OO

MODEL 1 mm (CM.): .754461E+OO
E”*POTuNSPIR**ION  (CM.): .812313+00

MEAN ss (CM.): .635045EfoO
MEAN “SZM (CM.): .729089E-01
MEAN LSZM (al.): .37079csffll
MEAN Cz.M (CM.): .1845l(E+O2

RMSE Rx.): .19400E+00
COEFFICIENT OF COsBELATION: .891248E+oO

FLrn RATES AN0
ACT"AL nw
.635346EfflV
.626529E+O9
.57299cs+o9
.6237058+09
.625429EMV
.717676E+oV
.971774E+ov
.885206E+oV
.106061E+lo
.142003E+lO
.17513%+10

NET SUPPLY 1
MODEL FLW
.669567E+09
.659481E+09
.671835E+OV
.635404E+oV
.631448E+oV
.11173lE+10
.122851E+lO
.10086lE+IO
.994563EW9
.11785GE+lO
.130678E+lO

LN CUBIC KETER!
NET SUPPLY
.161307E+lO
.294254E+lO
.268868E+lO
.13579Q+iO
.22355%+10
.8120896+10
.208189E+10
.246506E+lO
.271275E+lO
.520933E+10
.349412E+10

3 PER 7 DAYS.
“82X
.636169X-01
.853416E-01
.100435E+00
.542169E-01
.87723oE-01
.28567I+!IO
.819391E-01
.9629398-01
.10545VE+oo
.19314Eco0
.13380E+00

STOWXS IN
LSZM

CENTIMETERS
GEM

.9,2749E-06 .17788X+02

.258755E-07 .17357!3E+O2
.169378E+O2
.165604E+O2
.16285f+02
.162608E+O2

.24846X-06

.381194E+oO

.17183ZZ:+ol

.433709E+Ol

.520661Effll

.603292E+Ol

.649926E+Ol

.846996X+01

.959245EC01

.16440(EM2

.167036E+o2

.170367E+O2

.175048E+O2

.181477E+o2

OVER THE BASIN @d 7TH DAY
S8 SK‘4 WATER
.420118E+OO 0.
.435581E+OO 0.
.438547E+oO 0.
.397357E+Oo 0.
.428954E+oO 0.
.963627E+oO 0.
.690218E+OO 0.
.641361E+OO 0.
.657033E+OO 0.
.861703+00 0.
.85087Z+OO .3829348+00
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.129751+10

.162536E+lO

.13438lE+lO

.11567L%+lO

.1081298+10

.103806E+10

.908091EWV

.841039E+oV

.847505E+o9

.8235640+09

.797126E+OV

.789393E+oV

.779753?+09

.766238E+OV

.124024E+lO .154156E+lO .6132483-01

.125646E+lO .348224E+lO .133379E+lO

.12466Z+lO 0. .825886?-09
.511393E-17
.316657X-25
.196075E-33

.114945B+10 0.

.108128E+lO 0.

.10258Z+lO 0.

.9776128+0'S  0.

.934517E+09 0.

.895496EfflV  0.

.859906EfflV  0.

.827259E+OV 0.

.797166E+OV 0.

.7693033+09 0.

.743384X+09 0.

.929586E+o1 .188217E+o2 .778551EfflO  0.
101808E+O2 .195091E+02 .856933EcOO .519657E+oO
:878129E+Ol .201558E+O2 .776155E+OO .140665E+Ol
.747535Eull .2062llE+O2 .723104E+oO .21215oE+Ol
.63635(E+ol .209334E+O2 .685737E+oO .4506473+01
.541718E+Ol .21117%?+02 .652287E+oO .640112E+Ol
.46116oE+ol .211944E+O2 .622678E+oO .7"?1‘5E+"l
.39258lE+01
.3342OOE+OI
.284502E+Ol
.242193E+ol
.206177E+ol
.175517E+Ol
.149415E+Ol
.127194Effll

.21182OE+o2

.210955!3ffl2

.209477Effl2

.207495E+o2

.2051OZ+o2

.20237@.+02

.19938%+02

.196179EUl2

.19281Z+o2.108279E+Ol
.92177ZEMO .18932lE+o2
.784679E+OO .185739Effl2

.18234f+02.109863%x)1
.95745cs+oo
.814773+00
.693577E+oO
.445684Eu)l
.895396E+O1
.140978E+O2

“_ _ __ _
.596OOlE+oO .830097E+Ol
.5717451?+00  .952806E+Ol
.54955~+00 .120363E+O2
.529144EK)O .140824E+o2
.510287E+OO .156403E+O2
.492788E+OO .16128&+02
.476477E+OO .16604lE+O2
.461213E+oO .187323E+02
.446874E+OO .19504OE+o2
.433354E+Oo .21124%+02
.420563+00 .2242148+02
.418455E+OO .224345EU)2
.410885E+OO .247696E+o2
.400195E+00 .257333X+02
.38897Z.+oO .261705E+02
.762783fflO .22399%+02
.123265Efol .168936E+o2
.188535B+01 .816824E+Ol
.242282E+ol 0.

.17915OE+o2

.175851+02

.17248lEfo2

.245037E+lO .11273Z+ll

.3350128+10 .124826E+ll .407820X+00 .190737E+O2

.285853E+lO .26358(E+O9 .10759CE-01 .16604P+o2
.10659(E-01 .110892E+O2

.171297E+o2

.175086E+O2

.18446(3+02

.19957~ffl2

.215866E+O2

.22668,X+02

.226778E+O2

.12141lE-41

.751782X-50

.465507E-58

.28824‘E-66

.17848Z-74

.110517E-82

.684326E-91

.4237388-99
l ************

*************

*************

*************

i35E+o9

.62233OZ+OV 0.

.60537(E+o9 0.

.903340E+09 .6390898+10

.156982E+lO .855599E+lO

.25942lE-01

.160635E-09

.994659E-18

.613898E-26

.768553+09

.779251EfflV

.7783713+09

.77523OE+oV

.773512E+ov

.81869~.+09

.825708E+o9

.84106CEWV

.92025l!3+09

.191423X+10

.26418OE+lO

.409204E+10

.2858123+10

.71918OEKlV 0.

.696486E+OV 0.

.675127E+O9 0.

.654955E+oV 0.

.6424OOE+oV .640(

.636885Eu)V 0.

.23187lEfflO

.298692E:+oO

.37573lwOo

.21379'%+10 .193531E+lO .261119E+OV

.1403178+10 .142074E+lO .118110E+10

.14654Z+lO .1097123+10 .305506E+lO
.473247E-01
.117987E+oO
.534006E-01
.76676LE-01
.128334E+oO
.414335E-01

.163673E+Ol

.223058E+01

.42164X-05

.980826E-03

.103854E-03

.722225E-07

.14735PtOl 0.

.109052Ew1 0.

.767188E+OO  0.

.9216lOXfflV  .13387Z+lO

.798985E+,V .194447E+lO

.816907E+OV .334194E+10

.7750598+09 .109456E+10

.721594X+09 .21147(E+lO .8299OZ-01 .380814E-05

.840801E+o9 .473574E+10 .172629E+OO .647724E-06
.263853+00 .6297916-06

.1070468+10

.10559m+10

.105645E+lO

.8528358+09
762929EtiV

:7536168+09
.111626E+lO
.122427E+lO
.909733E+ov
.91006oE+09
.13886lE+lO
.162823E+lO
.112348X+10
.877379E+OV
.864656E+oV
.120254E+lO
.118254E+lO
.1130823+10
.101486E+lO
.92879CE+oV
.923608E+oV
.104762X+10
.11866z+lo
.941228EtOV

.1207OlE+IO .774oom+10

.108579E+lO .1348173+10

.765544E+oV .16637Z+lO

.6953748MV .263652E+lO

.95OlOOE+o9 .688466E+lO

.104667E+lO .4542598+10
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.20984X3+02

.331456EfflO  .120482E+OZ

.321657E+OO .131092E+O2

.312359E+00 .143231E+O2

.303512E+oO .15202OE+o2

.295066E+OO .1621188+02

.286988E+oO .167325E+O2

.2792473+00 .195479E+02

.27181LE+OO .210293E+O2

.11352Z+Ol .169428E+02

.72617X+00 .15871OE+OZ

.7249396+00 .14629OE+O2

.888197E+OO .135895X+02

.786378E+00 .125404E+O2

.264818E+ol .526406EWO

.166940E+Ol 0.

.1195363+01 0.

.104117E+01 0.

.210686E+o2

.206178E+02

.202294Efo2

.19950%+02

.19468oEfoZ

.189968E+O2

.185371E+O2

.180884E+O2

.176507E+o2

.172235E+o2

.168066E+o2

.163999E+O2

.16108%+02

.15736%+02

.154327E+O2

.15356LE+OZ

.520122E+OO 0.

.643286E+OO 0.

.55081oE+oO  0.

.91769iZ+OO 0.

.492571E+oO  0.

.765158E+!IO  0.

.69056&Y+OO 0.

.67955@Z+oO 0.

.50163OE+oO 0.

.818931E+OO 0.

.563198E+OO 0.

.51856(Ex)O 0.

.419849E+OO 0.

.4437498+00 0.

.403752E+oo 0.

.37603ZfoO 0.

.475187E+OO 0.

.84304'&+00 0.

.73319E+lO 0.

.854464E+OO 0.

.578046E+OO 0.

.710457E+oo  0.

.606212E:MO 0.
.16207I+o2

.15423LE+o2

.15569Q?+O2

.16706Ef02

.15859.%+02

103223E+10
:912102WO9
.889888Eu)9
.89574lEW9
.765722E+o9
.760293E+09
.747168E+09
.718416Effl9

.172337EW2

.176203E+OZ

.17959LE+oz

.183746E+o2
.12193OE+lO .119394E+10 .3870683+10 .14716ZfoO .914463+01 .18924Z+02
.128790%+10 .118992E+lO 0. .911235E-09 .791108E+ol .19474”!J+02

:101723X+10  10847lE+lO 0. 0. .56424lE-17
.34938lE-25

.96474X+09 0. .216338E-33

.91987oE+O9 0. .1339586-41

.879955E-H19 0. .82947Z-50

.843838Effl9 0. .513613E-58

.810864Effl9 0. .31803Z-66

.780573Effl9 0. .1969273-74

.673437E+Ol

.573292E+Ol

.488015E+Ol

.415426E+ol

.353649E+Ol

.301058E+Ol

.256288E+01

.218176E+Ol

.1986138+02

.201116E+02

.20247lE+O2

.202868B+02

.202467E+O2

.201406Ex)Z

.199799E+O2

.197745E+o2

.669218E+OO 0.

.6200433+00 0.

.641867EMO 0.

.722347E+OO .21095oE+00

.827038E+OO .647693E-01

.734993Ex)O .133387E+ol

.6826943+00 .286285E+Ol

.64486lE+oO .5099433+01

.613566E+oO .647889E+ol

.586106E+OO .790415E+01

.561415E+OO .879886E+Ol

.538956EfoO .105457E+O2

.518381E+OO .10856lE+o2

.49943OEcOO .11072Z+O2
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.720959E+o9

.684166E+O9

.67231oE+O9

.65586lE+o9

.64064Z+O9

.6251273+09

.572423E+o9

.575948E+o9

.588023E+o9

.763677Effl9

.11535cE+10

.128233E+lO

.120945E+lO

.177267E+lO

.145114E+lo

.17360%+10

.1442198+10

.10030m+10

.17276Z+lO

.12931lE+10

.131856E+lO

.100799E+10

.9472433ul9

.99014z+o9

.100536E+lO
998393Effl9

: 8693588+09
.690519E+O9
591672EW9
: 644612E+o9
.11445LE+10
.8926633+09
.634018E+O9

.752608Effl9  0. .121938E-82

.72667CE+O9 0. .755046E-91

.702509E+09 0. .467528E-99

.67991lE+o9 0. *************

.658692X+09 0. *************

.638694E+o9 0. *************

.61978X+09 0. *************

.601842Effl9  0. *************

.58477lEffl9  0. *************

.622684?+09 .237207E+lO .92829E-01
752055EM9
:862464E+o9

.323949E+lO .12466,X+00

.279366E+lO .108434E+OO
.106606E+lo .49554lE+10 .184597E+OO
.191994E+lO .1072OiE+ll .360622E+oO
.199296E+10 .1368443+10 .54626lE-01
.165560X+10 .46890%+10 .175544zx)o
.151376E+lO .53203OE+o9 .215984E-01
.114227E+lO
.1034043+10
.10314oE+10
.901093E+o9
.758288E+O9
.728511E+o9
.816525Effl9
.800516E+09
.7870493+09
.754554Effl9
.699645EW9
.62206(E+O9
.667632E+o9
.895878Ec09
.819956Effl9
.612722E+O9

.916997E+O9 .637769Effl9

.73178(3+09 .64572OE+O9
.608115E+09
.734315Eul9 .38119(E+lO .145089E+OO
.8024563+09 .167033E+lO .662776?-01 .501644E+ol
.759378Effl9 .471126E+O9 .191498E-01 .458447E+Ol

.427819EMl

.621181E+O9

.77799(E+O9
74549m+O9
:596562349
.54266QX+o9
.502515E+o9
.5355068+09
.6829798+09
.660148Effl9
.64168@+09
.650197EM9
.630647E+O9
.619608E+O9
.593203ffl9

.724784L?+O9 .5505133+09 .223404%-01

.706192E+O9 .54946CE+O9 .2229816-01

.68759Z+O9 .49202oE+o8 .201719E-02

.6624023W9 0. .124905E-10

.6361098+09 0. .773418E-19

.610947E+O9 0. .478904?-27

.58753%+09 0. .29654OE-35

.56587‘EM9 0. .183619E-43

.545816E+O9 0. .113696E-51

.527181E+O9 0. .70402lE-60

.18573lE+Ol

.158111E+ol

.13459fB+ol

.11458~+01

.97542’B+OO

.830369E+00

.706799E+OO

.6016763+00

.512018E+00

.19795z:+o1

.383447E+ol

.516888E+Ol

.75604lE+ol

.1258296+02

.11897LE+O2

.129304EcO2

.9378263+01

.136144E-05.311015E+10 .118931E+oO
.48125Z+lO .17975iE+oo .14093OE+o1
.35375’%+10 .13535Z+oO .223907E+ol

.61465,X-01 .105284Efol.1545198+10
.190439E+lO
.3004353+10
.466818E+lO
.2631498+10
.41541lE+10
.269078E+lO
.294554EClO
.862939E+O9
.469888E+lO
.60166ZClO
.192323E+lO
;160131E+10
.373054E+10
.61046lE+o9
.20432lE+10

.74628Z-01

.1076OZ+OO

.15525lE+OO

.101699X+00

.14561C!?MO

.97499&z-01

.11319z+Oo

.981093E-06

.137392E-06

.12078Z-06

.138194E-05

.182978E-06

.135478E-06

.162727E-05
.302583-01 .213072E-07
.137117E+OO .475656E-07
.21706Z+oO .1658OZ-05
.72969(E-01
.6143498-01
.142213E+OO
.24743OE-01
.80478(E-01

.185904E-06

.17933lE-06

.188566E+Ol

.159854E+Ol

.259939Ec01

.456584E+Ol

.397725E+Ol

.34297Z+Ol

.292112E+O1

.248672E+O1

.21169Z+o1

.18021lE+Ol

.15341lE+Ol

.130597E+ol

.11117fZ+Ol

.195328E+OZ

.192616E+O2

.189671E+o2

.18654lE+o2

.18327(E+O2

.179893Effl2

.176441E+o2

.172938EfflZ

.169405EfflZ

.16675lE+oZ

.16615lEffl2

.16745X+02

.17089(E+OZ

.178611E+O2

.188817E+02

.1988OLB+o2

.20704‘E+oZ

.202033+02

.198225E+OZ

.195667E+OZ

.192716E+OZ

.18805lE+o2

.18350OE+O2

.179059E+02

.174725E+OZ

.170497E+oz

.16637IE+o2

.16234&?.+02

.158415E+oZ

.154581E+O2

.150839EMZ

.147189EX)2

.143626E+oZ

.1413583+02

.140027E+O2

.1391ozs+O2

.139959E+OZ

.14225Z+O2

.144468E+OZ

.14617&ffl2

.14748Z:+oZ

.148267E+02

.14840E+O2

.147982E+OZ

.1471oLE+O2

.145837E+o2

.144264?+02

.142437E+O2

.140408E+02

.481893E+oO .116244E+CZ

.46559,X+00 .122759E+0?

.45037X+00 .12467LB+OZ

.43611lE+oO .127967E+oZ

.42269Zx)O .1328OlEfflZ

.410028E+OO .134656E+OZ

.398029E+00 .13561lEW2

.386629E+00 .149733EfflZ

.37576Z+OO .1580108+02

.436797E+oO .147862E+oZ

.538036E+oO .140784E+o2

.58589(E+oO .129658Effl2

.788017E+OO .934046E+O1

.16,65,X+01 .103638E+Ol

.107756E+Ol 0.

.10966lE+ol 0.

.89328&+00 0.

.646049E+OO 0.

.702536E+OO 0.

.653515E+OO 0.

.53357lE+Oo 0.

.4664533+00 0.

.480114E+OO 0.

.568265E+oO 0.

.487225E+OO 0.

.53102OE+OO 0.

.46248&+OO 0.

.450884E+OO 0.

.372677E+OO 0.

.480778E+00 0.

.657837E+oO 0.

.446591E+00 0.

.36607‘E+OO 0.

.46299&?:+00  0.

.38895lE+OO 0.

.408432+00 0.

.540772Ewo 0.

.512437E+OO 0.

.480949E+OO 0.

.4655096+00 0.

.455495Efflo  0.

.44026Z+OO .620949E+OO

.4231388+00 .310568E+Ol

.406239E+OO .425906EMl

.39039(E+OO .614655E+Ol

.37571%?.+00  .722765E+Ol

.362137E+OO .817737E+Ol

.349546E+OO .1005178+02

.337826E+OO .115046E+O2
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E.2 Example Output From Simulation Program Using Daily
Meteorological Data (MSDM)

C(WBINED  WBBASINS: 1111111111111111111111

PR(N EDNlW AND YEAR 121969 TO EDNTII AND YEAR 121978 IN CALENDAR l4XVm CBOUPS

CONSTANT Al.8 ED8 TBASE(C) AREA
.857945E+ll .71000~+09 .82OOO(E+oO .128925E+l2

CAl.ENDAR MNnt AVER&ES
TEXPERATURE  (C): .201761E+ol

PRECIPITATION (CM.): .691433+31
PLol (cn.): .323379E+Ol

BEAT T,O88. YATW FQ”. (OK.): .246607E+O2
NET SUPPLY (cn.): .67783Z:+ol

E”APOTRAN8PIRATIoN  (lx.): .35445a+O 1
POT. E”*POTlUWSPIlurION  (lx.): .21116lE+o2

“szC(n3) ALPPER(D-1)  ALPuEv(n-3)  ALLPDW(D-1)  ALPINT(D-1)
.25785(E+lO  .36OOO(e+ol .59OOO(E-08 .8OOOO(E-02 .2OOOO(e-02

Alm.W (H-3) ALPorabl) Al.PcE”@l-3) ALPsP(D-1) ALpsEv(u-3)
.48OOO(E-03 .2 10000&02 0. .31ooo(E+oo  0.

CALENDAR KNIW STATWTICS
FLW H&w ux.): .323379E+Ol

PL(u STD. DE”. (lx.): .159509E+ol

“ODEL 1 HEAN (Ix.):
E”APOTRAN8PlRATION (CM.):

I4E.u 88 (ml.):
MEAN “SZ” (CM.):
nEArI LSZM (CM.):
“Em cm 6x.):

Rn8E (cn.):
COEFFICIENT OP CORRELATION:

.322526E+ol

.352256E+ol

.34648E+oO

.50134lE-01

.90195ix+ol

.3417o(Effl2

.875349E+oO

.83600ZMO
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PL[u RATES AND
AClw.L FL(Y
264275E+lO
:46845Z+lO
.63717X+10
.445749f%+10
.3578002+10
.32119@.+10
.35095IE+10
.65548&+10
.11L755Ef11
.46028lE+lO
.421017E+lO

NET SUPPLY IN CUBIC HETERS PER CALENDAR EMNT" STORPGES IN CENTTMPTERS OVER THE BASIN ON THE END OF THE MONTH
uoDEL FLaJ NET SUPPLY “EZM
.36158(E+lO .L3514Z+ll .925656E-01
.455534~+lO .159858E+ll .105257E+OO
.401765X+10 0. .131356E-47
.3836OOE+10 0. .447904E-96
.360616E+lO 0. *************
.317545l?+10  0. *************
.319357E+lo 0. *************
.290337E+lO 0. *************
.11092OE+ll .524826E+ll .3085OlE+OO
.623639E+lO .76998%+10 .538117X-01
.5935OrX+lO .163784e+ll .10770E+JO

LSZH cm 88 mm WATER
.101256Ef02 .31470CFM2 .32633Z+oO 0.
.175148+02 .328588E+o2 .397667EMO 0.
.13053oE+O2 .34387%+02 .319188E+OO .R3088iEMI
.957372E+ol .349104E+o2 .300187E+OO .1449558+02
.70218lEfol .34683PfflZ .282089EfflO .22308M+02
.5254178+01 .34004IE+o2 .265993E+oO .265149E+02
.385365EMl .329438E+OZ .24968,X+00 .32737lE+O2
.285486E+Ol .317055EM2 .234758E+00 .3560936+02
.314434EM2 .340122X+02 .106608Effll  0.
.272223E+oZ  .387509E+o2 .455086e+oO 0.
.168188E+oZ  .4136088+02 .46309E+oO 0.



.539066E+lO

.439135E+lO

.44255(2+10

.423394E+10
289154E+lO

:286754E+lO
.24074P+lO
.491738E+10
672857E+lO
:84693X+10
.4531811+10
.371028E+lO
.370409E+10
.340881E+lO
.423113E+lO
.375348E+10
.31156lE+lO
.253672E+lO
.227949,?+10
.253584E+lO
.6731OlE+lO
.915616E+lO
715429E+lO

: 425424E+lO
.396OOZ+lO
.365633X+10
.44243X+10
.471184?+10
.352848E+lO
. 350735E+lO
.29333lE+10
.319463E+lO
.723905E+lO
.940494E+lO
.548032E+lO
.332373+10
.22484Z+LO
.24772Z+lO
.255067E+lO
.344292E+10
.32317Z+lO
.2658558+10
.2502678+10
.38 5638E+lO
. ~21222E+ll
.635236E+lO
.37423Z+lO
.268386E+lO
.21125Z+lO
.1819158+10
.19187Z+lO
.200149E+lO
.176188E+10
.13880E+lO

.521699E+lO .15827Z+ll .104270?+,0

.474674~+10 .13511O~+ll .925444E-01

.47912OE+10 .643604E+lO .43753X-01

.442525E+lO 0. .546018E-48

.429243x+10 0. .18618‘Z-96

.403164E+lO 0. *************

.342884F+lO 0. *************

.357339E+lo 0. l ************

.7660158+10 .3609898+11 .229507Efflo

.6096913+10 .110118E+ll .737138E-01

.602293E+lO .135307E+ll .92673Z-01

.40367P+lO .112437E+ll .12438Z-01

.350707E+lO .13845,X+1  1 .411255E-02

.381604E+lO ,114947E+ll .79281,E-01

.410878E+lO .772522E+10 .522883-01

.381456E+lO 0. .652529E-48

.36916&+10 0. .22250f-96

.3466OlE+lO 0. *************

.294694E+IO  0. l ************

.307047E+lO 0. l ************

.56472OE+lO .27996,X+11 .182698E+OO

.6488348+10 .22798Z+lI .146822E+oO

.5813988+10 .11287Z+ll .77906(E-01

.364395E+lO .10980~+11 .3797713-02

.38027lE+lO .167632E+ll .872166E-01

.35175x+10 .104798E+11 .72535(E-01

.384546E+lO .87115(E+lO .587677X-01

.357638E+lO 0. .73339CE-48

.345626E+lO 0. .25007Z-96

.324566E+lO 0. *************

.275999E+lO 0. *************

.28760ZE+lO 0. *************

.261335E+lO 0. *************

.967206E+lO .481592E+ll .28673(E+oO

.614100E+lO .14966(E+ll .10200sEx)0

.318992X+10 .85087Z+lO .115519E-02

.694351E+Ol

.13773X+02

.143356E+O2

.106526E+OZ

.781312E+Ol

.57305lE+Ol

.43310%+01

.317658E+Ol

.236167Effl2

.24504lE+o2

.244847E+OZ

.29156lE-07

.22617Z-08

.724393E+ol

.10347Zffl2

.77044z+o1

.565079E+Ol

.414455E+Ol

.313238EW,l

.229744Effll

.186254E+O2

.277738E+O2

.26533Z+o2

.244954?-08

.386188E-05

.677545E+01

.106185Effl2

.791006Effll

.5801613+01

.425518E+Ol

.3215991+01

.23587fS+Ol

.17474lE+Ol

.284692Eul2

.244244E+O2

.283058E-09
.275784E+lO .709422E+10 .11806lE-01~~ .460442X-07
.301379E+lO .100891E+ll .699251-01 .64655Z+Ol
.341544E+lO .8434573+10 .569528E-01 .10216%+02
.319039E+lO 0. .71074lE-48
.308318E+lO 0. .24235Z-96
.289582E+lO 0. *************
.254819E+lO 0. l ************

.256135E+lO 0. *************
108342E+ll
:585843+10

.52869FE+ll .31912OEfflO

.265257E+lO .18267Z-01
.346481E+lO .131464?+11 .8988213-01
.273177E+lO .854928E+lO .503225E-02
.24966Z+lO .541359E+lO .521093E-02
.25121!.E+lO .615147E+lO .43224&X-O,
.27604lE+lO .531317E+lO .362582X-01
.261195E+lO 0. .45248X-48
.25314X+10 0. .15429@3-96
.2376248+10  0. l ************

.761072E+Ol

.558206E+Ol

.4094143+,1

.30635(E+Ol

.224691EH,l

.31241OE+OZ

.248827E+O2

.3414ooE-03

.573898E-08

.10328(E-07

.3964OoE+Ol

.63917Z+Ol

.476204Effll

.34927(E+ol

.25617lE+ol

.41208P+O2 .39366oE+OO  0.

.4115123+02 .415173+00  0.

.419416E+o2 .387094E+OO  0.

.422657Effl2 .357349EfflO  .51694lE+O1

.41797@M2 .33574lE+OO .115197E+O2

.407733E+O2 .31525Z+oO .147389E+OZ

.3953088+02 .2977OZ+OO .180278E+OZ

.37932OE+O2 .27931lE+oo .22973lE+O2

.388537E+O2 .746325E+OO  0.

.42205lE+OZ .473988E+OO  0.

.453234E+oZ

.4246683+02

.39790x+02

.3825058+02

.379778E+OZ

.37745&+02

.369544E+o2

.357899E+O2

.345315E+O2

.330007Effl2

.335159E+o2

.37046[EM2

.410968E+O2

.385066E+O2

.360797EW2

.34714OE+O2

.3464468+02

.346714E+OZ

.341165E+O2

.33162OE+OZ

.320746E+OZ

.3071588+02

.293137EWJZ

.312722X+02

.35482Z+O2

.332459E+02

.3115058+02

.3004063+02

.301794E+OZ

.303978E+O2

.300505E+O2

.29307(E+OZ

.283742E+o2

.27217E+02

.296249E+02

.344808X+02

.3237588+02

.3033523+02

.284233X+02

.271744E+O2

.2672391+02

.263818E+O2

.257006E+o2

.248006E+OZ

.515069E+OO  0.

.295298E+oo  0.

.273684E+OO  0.

.340022E+OO  0.

.338492E+OO  0.

.30740~+00  .616284E+ol

.288688E+OO .11002OE+O2

.270978E+OO .164388E+O2

.25583lE+OO .194220E+O2

.239978+00 .233419E+OZ

.548889E+OO .913368E+Ol

.55681oE+OO 0.

.48425CE+OO  0.

.264327E+OO  0.

.305076E+oo  0.

.306945E+OO 0.

.321384E+OO 0.

.287769EMO .765595E+O1

.27031OEMO .1109ozE+o2

.25377ZfflO .194793E+OZ

.239616E+00 .229106E+o2

.22479CE+oO .27978TB+OZ

.211263E+OO .319461E+OZ

.93372oE+oo  0.

.461227E+OO  0.

.22716lE+OO  0.

.215839EMO 0.

.270991E+OO 0.

.287184E+oO 0.

.25668E+OO .989777E+Ol

.2411558+00 .148818E+02

.226435E+OO .219616EU)2

.21339m+Oo .269505E+02

.200204E+00 .366586E+O2

.108412E+Ol 0.

.3971593+00 0.

.27010E+OO 0.

.208638E+OO 0.

.194997E+oo 0.

.218934E+OO 0.

.22876IE+OO  0.

.210816E+OO .465846E+Ol

.197937E+oO .105973E+o2

.185762E+OO .15192OE+OZ
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.128406EflO

.30456lE+lO

.707199E+lo

.401471E+10
268344E+lO

:246577E+10
.212258E+lO
.653547E+lO
.632173X+10
.52174P+lo
.39 5945E+lo
.32366lE+lO
.2638788+10
.268996E+lO
.567317E+lO
.641167E+lO
.530317E+lO
.42086&?+10
.3539t3@2+10
.313495E+10
.289258E+lo
.261768E+lO
.275585EClO

.202007E+lO 0. *************

.21045LX+10 0. *************

.8593088+10 .459449E+ll .28324lE+oO

.5166078+10 .70816&+10 .480368E-01

.505992E+10 .140506E+ll .96063oE-01

.307133~+10 .111845~+11 .102355E-01

.379214E+lO .17162lE+ll .112567EfflO

.436872E+lO .161216E+Il .109447E+00

.4424773+10 .818757E+lO .55331lE-01

.406809E+lO 0. .69050X-48

.394194E+10 0. .23545lE-96

.3705586+10 0. l ************

.315353+10 0. *************

.3288lOE+lO 0. *************

.540084E+lO .25332oE+lI .16676ZMO

.616814E+lO .204371E+ll .132623E+OO

.567802E+lO .105616E+11 .730806E-01

.4058lO~,+lO  .153147E+ll .603755E-01

.3440713+10 .150730~+11 .31298E-01

.3337ooE+lo .86616oE+lo .6033OZ-01

.35999TE+10 .676510E+lO .45939(E-01

.33700oE+10 0. .57329@.-48

.326298E+lO 0. .19548E-96

108

.19361OE+01

.14200E+Ol

.272993EfflZ

.24102LE+02

.25803Z+O2

.19191oE-07

.924036E+01

.169478E+02

.17778&+02

.132117E+02

.969005E+Ol

.710714E+01

.537146E+Ol

.393968E+01

.183649E+02

.26173OE+O2

.25555ZcO2

.104559E-05

.167647E-06

.5356153+01

.834696&+01

.62177LE+Ol

.456036E+Ol

.23869EE+OZ

.227644E+O2

.248701EM2

.2947278+02

.334856E+O2

.313752X+02

.3062583+02

.318574E+o2

.340305E+O2

.355307E+o2

.36014E+02

.357416E+02

.350472Z+oZ

.339454E+oz

.3455178+02

.377832X+02

.414936E+o2

.388784E+OZ

.3642813+02

.348715E+O2

.343428E+o2

.339297E+o2

.330728E+OZ

.175356E+OO .202225E+02

.16447lE+OO .30234OE+O2

.86795Z+OO  0.

.367985+00  0.

.44557z4z+oo  0.

.218625E+OO 0.

.340157EMO 0.

.39263lE+oO 0.

.36151OE+OO 0.

.328009E+OO .80253l!Z+Ol

.308475+00 .15066X+02

.28986fXx)O .18217lE+O2

.273869E+OO .198967E+OZ

.257069E+OO .228337E+O2

.5183388+00 .664289E+01

.526863+00 0.

.475969E+OO 0.

.30249lE+OO 0.

.267493E+OO 0.

.290152E+oo  0.

.29744x+00  0.

.271736E+OO .621540E+Ol

.25514Z+OO .119689E+OZ



Appendix F.--CALIBRATION PROGRAMS (CALIB AND MMCAL)



F.l Instructions for Calibration Programs

Appendices C and F-H illustrate the calibration of parameters for the
Large Basin Runoff Model. This appendix contains instructions on program use
and requirements; it also contains source code listings (ANSI Ver. X3.9-1966
FORTRAN) for two versions of the model. The first, CALIB, uses daily hydro-
meteorological data and allows the user to specify the mass-balance com-
putation interval, which is then fixed throughout the calibration. The
second, MMCAL, uses monthly hydrometeorological data; the mass-balance inter-
val automatically varies between 28-31 days, depending on the month and year.
Appendix C contains example input files of daily and monthly hydrometeorologi-
cal data (the files called DATA and MDATA, respectively). Appendix G contains
two example parameter files. The first file is used to start the calibration;
initial parameter values are chosen by the user. The second file is a result
of the calibration; it contains the optimized parameter values, i.e., the
parameters that produce the lowest root-mean-square error between actual and
model flows. Appendix H is an example calibration for the lumped-parameter
7-d model as applied to the entire Lake Superior Basin; it uses the example
input parameter and daily data files (PARAM and DATA, respectively) presented
herein.

F.l.l Comments on Source Code

The following comments apply for both source code listings in this appen-
dix (both CALIB and MMCAL). No changes to the source code are required for
application to the basins of Lakes Superior, Michigan, or Ontario. Lines
00310-00315 describe dimension requirements for an array defined in line
00230. Line 00205 creates arrays for the January through December average
midmonth cloudless day insolation (10 langleys/d),  which are specified in
lines 00494-00500 for applications to Lake Ontario (by using insolation at
Ithaca and Toronto), Lake Superior (by using insolation at Salt St. Marie),
and Lake Michigan (by using insolation at Madison), respectively. The
appropriate insolation array is chosen in lines 00507-00519 based on the para-
meter input file heading. Use of the model for other areas hence requires
modification of these program elements to agree with the intended application.
Also, if evapotranspiration from the groundwater zone or evaporation from sur-
face storages is considered to be important, lines 00600 and 00610, respec-
tively, may be changed.

F.1.2 Model Using Daily Hydrometeorological Data (CALIB)

The calibration program CALIB requires two input files, one containing
initial user-chosen parameter values and other application-specific infor-
mation (the file called PARAM) and one containing daily hydrometeorological
data (the file called DATA).

F.1.2.1 Input Initial Parameter File (PAW). The initial parameter
file contains 15 lines. The first line is a header indicating the specific
lake and basin application; the first four characters are used in selecting
the proper insolation array within CALIB. The second line is the watershed
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area in square meters. Line 3 defines the number of days to be used to ini-
tialize the model storages prior to actual calibration, with respect to the
starting date specified on the next line. Lines 4 and 5 indicate the first
and last dates (DDMMYYYY), respectively, of that portion of the data set to be
used in calibration including the initialization period. Line 6 is the mass-
balance computation interval. Lines 7-15 provide initial parameter values,
each with an associated figure indicating the number of significant figures on
which the optimization should initially operate. Thus, when the calibration
begins, the initial parameter values are rounded based on the number of signi-
ficant figures specified, then each parameter, in rotation, is systematically
varied in the least significant digit. The parameters are listed in this
order: Tb, a, a er, Beup aint,

1
ndp* Sel. '=p* nsf. Line 16 specifies the

parameter with w ich to begin the optimization. For example, a 1 would indi-
cate that the optimization begins with the first parameter, which is currently
. 170E+Ol. The last line indicates the maximum number of significant figures
to use in the optimization for all parameters. When there is no change in any
parameter to the specified number of significant digits given with each para-
meter, all such numbers are incremented by one and the optimization continues
until the maximum number of significant digits is reached. When all para-
meters have been calibrated at this level of optimization, the program ter-
minates automatically. If the user wants to set a parameter's value as a
constant and have it unchanged in the optimization, then he or she can simply
set the number of significant digits for that parameter to zero in the initial
parameter set.

F.1.2.2 Input Data File (DATA). A partial listing of DATA is given in
appendix C; it contains the date, minimum daily air temperature, maximum daily
air temperature, daily precipitation volume over the watershed, and daily
basin outflow volume from the watershed, each in the units indicated in the
file. The first four lines are header information skipped over by the
program. Missing data is denoted by "-9999." and is subsequently filled in by
the model, which uses the value for the previous day.

F.1.2.3 output Calibration Session (RESULT). An example of a typical
calibration session is given in appendix H. The calibration program may
require operator intervention to control the behavior of parameter values.
Since the program continually updates the parameter values in a separate file,
the user has a potential initial parameter set for the next run if program
execution is terminated. Depending on the selection of initial values, it is
possible for parameters to reach an obvious local optimum. For example,
setting a parameter initially to a very large or very small value may restrict
the search such that the parameter value stays near the limit. Determination
of good initial values depends on operator experience. This particular
example was run as a batch job; there are no computational changes for inter-
active use. An asterisk does not appear, however, next to the current para-
meter being optimized. Also, the program CALIB must have the variable of line
number 00560 set to 0 to run the program interactively. The program is listed
in this fashion; in batch mode, it is set to 1. The terminal output documents
the systematic search of the parameter space for each parameter selected in
rotation. Each line contains the nine parameter values used for a single
iteration, followed by the calculated correlation coefficient and root-mean-
square error between actual outflow volumes and model outflow volumes;
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root-mean-square error is expressed as depth in centimeters over the basin
area. In this particular example, the optimization began on the first signi-
ficant figure; as a result, the given initial values were rounded. After
several iterations on the nine parameters, the optimum for a single signifi-
cant figure is reached. At this point, the optimization moves automatically
to the second significant figure. After several more cycles of the parameter
set, the optimum for two significant figures is reached. Since a maximum of
two significant figures was specified, the program automatically terminates.
The final line is the optimized parameter set, correlation coefficient, and
root-mean-square error expressed as depth in centimeters over the basin area.
It should be pointed out that the parameter values are limited to the range of
.lOE-09 to .VVE+V (except for parameter 2, a, which has no set upper limit).
Thus, the fourth parameter was never reduced during the example optimization.

F.1.2.4 Output Final Parameter File (PARAM).  During the calibration
process, the parameter file (PARAM) is constantly updated. If the calibration
is interrupted, computations can resume from the break since the parameter
file is continually being rewritten by the program. The final PARAM file
resulting from the described calibration is given in appendix G. As before,
the first six lines contain the heading for the specific lake and basin appli-
cation, watershed area, initialisation  period, first and last dates of the
calibration period, and mass-balance interval, respectively. The nine sub-
sequent lines contain optimum parameter values, each with its current signifi-
cant figure increment. Line 16 indicates on which parameter the calibration
ended. Line 17 indicates the present limit on the number of digits used in
convergence. The last line contains the correlation coefficient and the mini-
mum root-mean-square error (expressed as centimeters over the basin), respec-
tively, between actual outflow volumes and model outflow volumes. As
mentioned in appendix B, this parameter file can be used unchanged in the
simulation model.

F.1.3 Model Using Monthly Hydrometeorological Data (MMCAL)

The calibration program, MMCAL, is also presented in this appendix, but
no example calibration session is provided since it appears similar to appen-
dix H. Subroutines OUTFLOW, UPDATE, and WRT are identical to those in CALIB
and are omitted from the source code listing for brevity. Using monthly
hydrometeorological data to calculate the model is not illustrated herein; it
is similar to that in the previous section except for the input file contents.
MMCAL requires two input files, one containing initial user-chosen parameter
values and other application-specific information (the file called MPAR) and
one containing monthly hydrometeorological data (the file called MDATA).

F.1.3.1 Input Initial Parameter File (MPAR). MPAR differs from PARAM in
only three respects. Line 3 defines the number of months to be used to ini-
tialize the model storages prior to actual calibration, with respect to the
starting date specified on the next line. Lines 4 and 5 still indicate the
first and last dates, respectively, of that portion of the data set to be used
in calibration, including the initialization period; the format, however, is
MMYYYY . The mass-balance computation interval (line 6 in PARAM) is elimi-
nated, since the monthly simulation program automatically varies the mass-
balance interval based on the specific month.
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F.1.3.2 Input Data File (MDATA)

A complete listing of MDATA is given in appendix C; it contains the date
(month and year), number of days in the specific month, average monthly air
temperature, monthly precipitation volume over the watershed, and monthly
basin outflow volume from the watershed, each in the units indicated in the
file. The first four lines are header information skipped over by the
program. There should be no missing temperature or precipitation data.
Missing data for flow are denoted by "-9999."
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F.2 Source Code for Calibration Program Using Daily Data (CALIB)

00100 FRO(xAM CALIB(DATA,TAPE5=DATA,OUTPUT,TAeE6=OUTPUT,
OOllO+ RESULT,TAPE8=RES"LT,PARAM,TAPE7=PARAN)
00120 IMPLICIT REAL (A-&J-Z,
00130 COMEDN/VAROF/USZH,LSZM,GZH,SS,EVAP,HPLSE,USZHAVG,LSZMAVG
00140 COM~N/PAROF/VSZC,ALPPER,ALPUEV,ALPINT,ALPDPR,ALPLEV
00150 COMMDN/PAROPZ/ALP(;W,ALPGEV,ALPSF,ALPSEV
00160 COMEilN/INDICAT/DAY,EPSILON,DPSILON,GPSILON
00170 COMK)N/VAROF2/VRUN,VINT,VPER,V‘X’,WEV,”LElr
00180 COMKIN/OTPT/AREA,ISTART,INODAYS,INDPGOD,IPARH,PAREI,IXRC,INOCHNG,
0019C+ S,EXVAS,IFDMR,ILMR,IHEAD1,IHEADZ,IHEAO3,IHEAD4
00200 COMHoN/OTPTZ/TBASE,ALBEDS,EXVA,SSQERR
00205 DIMENSION ONTI(l2),ONTT(l2),SUP(l2),MICH(12)
00210 DIMENSION R(14),INDPM(l3)
00220 DIMENSION PARM(9),IXRC(9)
00230 DIMENSION DATA(8.5313)
00240 DIMENSION INA"R(8)
00250 DIMENSION IERR(6)
00260 DATA IERR/6*0/
00270 DATA 1NDIM/0,31,59,90,120,151,181,212,243,273,304,334,366/
0028oCC*****
0029oCC*****  PROGXAM FOR INTERACTIVE INVESTIGATION OF MODEL
0030ccc*****
0031ccc NOTE --THE ARRAY 'DATA' SHOULD BE DIMENSIONED AS:
00312CC DATA(8,NUMRER OF DAYS IN DATA SET)
""2, VT*****_ - _ - - _ -
00320X AREA = WATERSHm AREA, SQ. M.
0033wc mm = ACTUAL BASIN 0"TFLCW VOLIME, CUR. M.
0034ccc ID = CALENDAR DAY OF THE YEAR
0034XC IFDHR = FIRST DAY FOR MODEL RUN (DIMMYYYY)
00345CC ILLHR = LAST DAY FOR MODEL RUN (DINMYYYY)
0035wc IN = CALENDAR MONT" OF THE YEAR
0036oCC INDPGOD- NUMBER OF DAYS PER GROUP OF DAYS, DAYS
0037'XC INODAYS= NUMBER OF DAYS TO SE CONSIDERED IN DATA SET, DAYS
0038oCC IY = CALENDARYEAR
0039occ PI(ECIP = DAILY PRECIPITATION VOLUME (LIQUID EQUIVALENT), CUR. M.
0040occ R = AVER&E MID-MONTH CLOUDLESS-DAY INSOLATION, LANGLR%/DAY
0041ccc (INPUI IN "NITS OF lO*LANGLEYS/DAY)
0042&X RR = DAILY SURFACE INSOIATION,  CAL.
0043ccc SNW - SNWPACK VOLLME (LIQUID EQUIVALENT), CUB. M.
0044C‘X TA = AVERAGE DAILY AIR TEXPERATIIRE,  DEG. C.
0045ax TMAX F MAXIMUM DAILY AIR TMPERATURE,  DEG. C.
00460X THIN F MINL?,"" DAILY AIR TMPERATURE,  DEG. C.
0047lxc*****
0048oCC*****
0049CCC*****  INPUT CONSTANTS
00492cc*****
00494 DATA ONTI/20..33.,46.,59.,69.,74.,70.,62.,51.,38.,24.,18.~
00496 DATA ONTT/20.,31.,46.,60..70..74.,74.,71.,61.,4S.,34.,22.,18./
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00498 DATA SUP/19.,33.,49.,64.,77.,79.,77.,67.,51.,36.,20.,15.f
00500 MTAMICH/22.,34.,48..62..70.,73.,70.,61.,49.,36.,24.,19./
00503 RrnIND 7
00504 READ(7,2000) ILAXE

WI; 2000 FORMAT(A4)  DO 45I-1,12
00508 IPULAKE.EQ.4HIONT)  R(I)-ONTI(1)
00510 IF(IIMR.EQ.LHTONT)  R(I)-ONTT(1)
00512 IF(IUKE.EQ.4HS"FE)  R(I)-SUP(I)
00514 IF(ILuE.Eq.4mICH)  R(I)-MICH(I,
00519 45 CONTINUE
0052ccc*****
00521CC NOTE -- SYSTEM SPECIFIC PROCH)URE SUPPLIES ZERO
0052XC WHEN EXPONENTIAL UNDERKCW OCCURS
00523x*****,
00525 CALL SYSTEHC(lIS,IERR)
00526CC*****
00528 R!iwND 7
00530 REAo(7,3000)1HEAD1,1HEAD2,1HEAD3,1klEAD4
00532 3000 FORMAT(4AlO)
00535cc*****
0054cCC*****  ISATCH  - 1 FOR BATCH JOB; - 0 FOR INTERACTIVE JOB
0055cm*****
00560 IBATCH-
00570 EPSILON-l.E-7
00580 UPSILON-l.E-200
00590 GPSILON-l.E-3
00600 ALPGEV-0.
00610 ALPSEWO.
00620 R(14)-R(l)*lO.
00630 DO 33 IXY-1.12
00640 33 R(14-IXY)-R(13-IXY)*lO.
00650 R(lFR(13)
00670 REAo(7,559) AREA
00680 READ(7.560) ISTART
00685 560 PORnilT(I8)
00690 READ(7.560) IPDMR
00695 READ(7.560) ILCMR
00700 REbD(7,560) INDPGOD
00705 CALL LENGTH(IFDPIR,IL~,INODAYS)
00720 DAY-FLOAT(INDPGOD)
00730 IIST-ISTART/INDPGOD
0074ccc*****
0075oCC*****  SYSTFHATIC PARAMTER SEARCH
00760X*****
00770 PTFG-1
00780 IRTN-O
00790 ICNT-O
00800 IRPTFG-1
00810 IUPDN-1
00820 IOFTFG--I
00830 USZC-AREA*O.OZ
00840 DO 36 I-1.9
00850 READ(7.557) PARH(I),IxRC(I)
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00860
00862
00865
00866
00867
00868
00869
00870
00875
00880
00890
00900
00910

IF(PARM(I).LT..lE-9)  PAM(I)-.lE-9
XRCC=10.**(1-IXRC(I)+INT(ALOG1o(PARH(I)*.99999)))
IFfPARM(I~.LT.1.00001)XRCC-xRCC/10.
PA&(I)~PARM(I)+XRCC/2.
XRCC=~~.**(~-IXRC(I)+INT(ALOG~O(PARH(I)*.~~~~~)))
IF(PARM(I).LT.1.00001)XRCC=XRCC/1o.
PARM(I)-INT(PARH(I)*1.oooo1/XRCC)*XRCC

36 CONTINUZ
READ(7.560, IPARM.,
READ(7.560) INOCHNG
IF(INCCHNG.LT.~.OR.INWHNG.GT.~)  I-IFTFGIIRTN
DO 37 I=,.9
IF(IxRC(I).GT.INCCHNG)  IXRC(I)-INOCHNG

00920 37 CONTINUE
0093ccc*****
0094occ***** INPUT AND FILL IN DAILY DATA
0095ccc*****
00955 REWIND 5
00960 READ(5,1000~ INAm
00970 REWIND 8
00980 ,?(IBATCH.EQ.O)GOTO 996
00990 ~~ITE(8,1060) INAME
z;;W; 1060 FORMAT(3X,ZalCALIBRATION  RUN FOR ,8AlO)

!+'~1TE(8,1070)  AREA,ISTART,INODAYS,INDPGoD
01020 1070 FORMAT(,,3X, 7HAREA = ,E13.6E2,
0103ot ,,~X,~~HLAST  DAY OF INITL4LUATION PERIOD = ,159
0104(x ,,3X,43NTOTAL  NUMBER OF DAYS USED IN CALIBRATION = ,159
0105cn /,~x,~~HMAss-BALANCE  INTERVAL (DAYS) = .15,/l)
01060 996 CONTINUE
01070 READ (5,lOOO)
01080 READ (5,lOOO)
01090 READ(5,lOOO)
01100 15 REA0(5,,010) ID,M,IY,TMIN,TMAX,PRECIP,FL~
01105 IF(ID*~~~~~~B+M*~~~~C+IY.NE.IFDMR)GOTO 15
01110 BACKSPACE 5
01120 DO 600 I=l,INODAYS
01130 ~EAD(5,1010) ID,IM,IY,NMIN,NRIAX,NPRECIP,FLCW
01140 1010 ~0RMAT(1X,13,13,15,5X,2F10.2,2F20.o)
"1,5" ~~N~IN.GT.N~AX.OR.NRIIN.LT.-9oo..OR.N~l~.LT.-90o.~  GOTO 920_....
01160 GOT0 921
01170 920 lm!IN=lMIN
01180 NIMAX+TMAX
01190 921 MIN=NRIIN
01200 IMAX=NTMAX
01210 IF(NPRECIP.LT.-900.) NPRECIP=PRECIP
01230 PRECIP=NPRECIP
0125cCC*****
0126oCC***** COMPUTE  DAILY INSOLATION
0127oCC*****
01280 X=(TMAX-RIIN)IlS.
01290 X=AMINl(X,l.O)
01300 IF(I&GT.,15)  GOT0 203
01310 IF(IM.EQ.l) GOT0 200
01320 II=INDPM(IM)-INDPW(IM-1)
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01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01510
01520
01530
01540
01550
"1560

IF(II.NE.28) GOT0 201
IF(INT((FLOAT(IY)+.5)/4.)*4.NE.IY)  GOT0 201
II-29 .~
GOT0 201

200 II-31
201 NDYS-FLOAT(I1)

NDY-NDYS-15.+FLOAT(ID)
RR-(R(M+l)-R(IM))/NDYS*NDY+R(M)
GOT0 204

203 II-INDFM(M+l)-INDRI(M)
IF(II.NE.28) GOT0 202
~(INT((FLOAT(IY)+.5)/4.)*4.NE.IY) GOT0 202
II-29

202 NDYS-FLOAT(II)
NDY-FLOAT(ID)-15.
RR-(R(M+Z)-R(I"+l)),NDYS*NDY+R(M+l)

204 RR-RR*(O.355++3.6S*X)*lOOOO.*AREA
DATA(Z,I)-MAX
DATA(8,1)-ZMIN
DATA(3,IHLOW
DATA(S,I)-PRECIP
DATA(6,1)-RR

600 CONTINUE
REWWIND 501570

0158cCC*****
0159ccc***** GROUP F,,W BY THE NOMSER OF DAYS PER CROUP OF DAYS (INDPGOD)
0160oCC*****
01610 IKNTR=O

IN4P-O
AVGF -0.
"AR-O.
!5AN=o.
FLW-0.
II-O
III-O
IWD-0
DO 610 I-1,INODAYS
IF(DATA(3,I).LT.-900.)GOTO  620
IF(I.LE.ISTART) GOT0 620
AVGF = AVGF + DATA(3,I)
IKNTR - IKNTR+ 1

620 CONTINUE
IF(DATA(3,I).LT.-900.)GOTO  621
FL% = FLdJ + DATA(3.1)

01615
01620
01630
01640
01650
01660
01670
01675
01680
01695
01690
01700
01710
01720
01725
01730
01735
01740
01750
01760
01765
01770
01772
01774
01776
01780

mvD=1NvD+1
621 II=II+l

IF(II.NE.INDPGOD) GOT0 610
III - III + 1
IF(IW,D.LT.INDPGOD)GOTO  622
PL(kl=FLm*11/1NvD
GOT0 623

622 na+-9999.
623 DATA(3,111)-FLW

IF(III.LE.IIST) GOT0 630
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01785
01790
01800
01805
01810
01820
01825
01830
OlR40
01850
01860

IN4P=IN4P+l
630 FLCW - 0.

01870
OlS80
0189oCC*****

II - 0
1WD-C

610 CONTINUE
FI-FLOAT(IMP)
"AR = VARIFI
mm - WEAN/PI
VAR - VAR - "SAN"2
AVGP = AVGP/PLOAT(IKNTR)

IF(PLCW.LT.-900.)GOTO  630
"AR - "AR + FL(W**2
MEAN-mAN+pLcw

0190ax*****
0191ccc*****
01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
01245+
02150
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250

TBASE -FARM(l)
ALBEDS-FARM(Z)
ALPPER-PARM(3)
ALPUE"-PARM~~~
ALPINT-FARM(S)
ALPDFX-PARM(6)
ALPLEFPARM(7)
ALPGW =PARH(8)
ALPSF =PARM(9)
IF:;I~.EQ.O)GOTO  = 990

990 CALL WRT(IBATCH)
IF(IBATCH.EQ.O)GOTO 991
IBATCH-

991 S-O.lE+99
GOT0 26

20 XRCC-10.**(1-IXRC(IPAREI)+INT(ALOG1o(PARM(IPAREl)*.99999)))

21

IT(PARN(1PARM).LT.1.00001)XRCC-XRCC/10.
IF(INT(PARM(IPA~)/XRCC*~.~~~~~).NE.~~**I~~(IPA~))GOTO  21
IP(I"PDN.NE.l)GOTO 21
xRcc=xRcc*10.
PARM(IPAR~)-(INT(PA~~(I~A~)*~.~~~~~/~CC)+IUPDN)*~CC
~(PARM(IPAIUI).LT..~~~~~E-~~.OR.(IPARM.NE.~.AND.

PAP."(IPARM).GT..99999E+9))GOTO  22
TSASE - FARM(l)
ALSEDS - FARM(Z)
ALPPER - PARM(3)
ALP"E" - PARM(4)
ALPINT - PAM(S)
ALPDFR - PARM(6)
ALPLEV - PARH(7)
ALPdJ - PARM(8)
ALPSF - FARM(g)

02260
0227oCC****'

IP(IRPTpG.EQ.0) GOT0 554
IRPTPG-O
IF(IPARM.LE.2) IRPTFG-1

OZZSOCC***** FIND SUM OF SQUARE0  ERRORS
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0229occ*****
02300 IP(IPARM.NE.2.AND.IPARn.NE.3.AND.IPTFG.EQ.O)GOTO 310
02310 SNW-0.
02320 A"GRR-0.
02330 IPTFG - 0
0234oCC*****
02350CC*****  DAILY LOOP - DATA PRRPERATIDN  (BEGINNING)
02360x?*****
02370 DO 300 I-1.INODAYS
0238oCC*****
0239occ***** HEAT BALANCE
024oax*****
02410
02420
02430
02440
02450
02470
02480
02490
02500
02510
02520
02530
02550
02560
02570
02600
02610
02620
02650
02660
02670
02690
02700
02710

i%MX-DATA(2.1)
ZMIN-DATA(8.1)
TA-("iMAX+iMiNj/2.
RR - DATA(6.1)
PRECIP - DATA(5.1)
MELT-O.
IP(TA.LE.O.)GOTO 903
IFWW.LT.I.)GOTO  904
IF(MIN.LT.O.)GOTO  950
DD-TA
GOT0 951

950 DD-RIAX**ZI(ZMAX-MIN)/2.
951 MELT-ALBEDi*DD

IFF(MELT.LE.SNW)GOTO 904
MELT-SW

904 SW-SW-M.ELT
NS-PRECIP+MELT
GOT0 905

903 SNW-SW+PRECIP
NS-0.

905 DATA(l,I)-NS
IJ(I.LE.ISTART)GOTO 300
AVGRR-AVWR+RR+fELT*1000000.*79.7

300 CONTINUE
0272CCC*****
0273oCC*****  DAILY LOOP - DATA PREPARATION (END)
0274oCC*****
0275oCC*****
0276oCC*****  S-Y INFORNATION
0277@C*****
02780 310 A"GBPLE-0.
02790 DO 910 I-1,INODAYS
02800 TA=(DATA(2,I)+DATA(8,1))/2.
02810 HPLSE-RXP(TA/TRASE)
02820 DATA(4,I)=HPLSE
02830 IFU.LE.ISTART)GOTO  910
02840 AVGHPLE-AVGEPLEWPLSE
02850 910 CONTINUE
02860 CONS=AVGRR/AVGAPLE
02870 DO 911 I-1;INODAYS
02880 TA-(DATA(2,I)+DATA(8,1))/2.
02890 BPLSE=DATA(4,1)/(596.-.52WA)/1000000.*CONS
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02900 911 DATA(4.1)~"PLSE
0291fxc*****
0292oCC*****  CONYERT TO GROUPS OF MYS INPmS
0293occ*****
02940
02950
02960
02970
02980
02990
03000
03010
03020
03030
03040
03050
03060
03070
03080
03090
03100

NS-O.
HPLSE-O.
II-O
III-0
DO 400 I-1,INODAYS
NS-NS+DATA(l,I)
HPLSE-"PLSE+DliTA(4.1)
II-11+1
IF(II.NE.INDPGOD~GOTO  400
II&111+1
DATA(7,IIIFNS
DATA(4,111)-"PLSE
,F(III.LE.IIST)GDTO  710

710 NS-O.
HPLSEd).
II-O.

000 CONTINIIE
0311cxc*****
03120X***** INPVI INITIAL VARIABLE VALUES
0313ccc*****
03140 554 USZH-.00698*AREA/lOO.
03150 LSZM-.03335*AREA/lOO.
03160 GZM=O.0000*AREA/100.
03170 SS-.00931*AREA/lOO.
0319Ccc*****
03200,X***** INITIALIZE
0321oCC*****
03220 AVGFH - 0.
03230 "ARM-O.
03240 PROD-o.
03280 SSQERR - 0.
03300 IFII=O
0331cCc*****
03320X***** DAILY LOOP (BEGINNING)
03330x*****
03340 DO 100 I-1,111
0335occ*****
0336oCC***** INPUT DAILY PREPARED DATA
03370x*****
03380 NS-DATA(7.1)
03390 SPLSE-DATA(4.1)
03400 FLdJ = DATA(3.1)
03410x*****
0342CCC***** MASS BALANCE
03430x*****
03440 CALL OUTpLdJ  (NS)
0345occ*****
03451 IF(FLdJ.LT.-900.)GOTO 100
03460 IF(I.LE.IIST)GOTO 100
03470 AVGFH-A”CFM+NS
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03480 “ARM-“ARn+NS**2
03490 PROD-PRODHLcw*NS
03530 SSQERR=SSQERR+(FLC,WW**2
03550 IPII-IFII+l
03560 100 CONTINUE
0357ccc*****
0358CXX***** DAILY LOOP (END)
0359occ*****
036OCCC*****
03610X***** SUMMARY IWORMATION
03620CC*****
03630
03640
03650
03660
03670
03680
03740
03760
03780
03790
03800
03810
03830
03840
03850
03860
03870
03880

0 3 9 0 0
03910
03920
03930
03940
03950
03960
03970
03980
03990
04000
04010
04020
04030
04040
04050
04060
04070
04080
04090
04100
04110
04120
04130

PI-FLDAT(IpI1)
AVGFM-AVGFM,FI
VARM-VAR"/FI
VARH-VAR”-AVGPH**2
PROD-WOD,FI
RXVA-(PROD+4RAN*AVGFW)**2/VAR/VARM
SSQERR-SSQERR/PI
SSQERR-SQRT(SSQERR)/ARRA*lOO.
EXVA-SORT (EXVA,
CALL KiT(iBATCk)

557 FORMAT(E10.3E2.2X.11)
CALL UPMTE(IBiTCiI)
IP(SS0ERR.GE.S)  GOT0 22
S-&&RR
EXYAS-EXVA
IRTN=IRTN+l
IOPTFG-IOPTFG+l
GOT0 20

22 PARH(IPARM)-PARH(IPARM)-XRCC*FLOAT(IUPDN)
CALL "PI1ATE(ISATCH)
IF(IOPTFG.GT.0)  GOT0 23
IOPTFG-1
I"PDN=-1
GOT0 20

23 IOFTFG-0
IUPDN-1

27 ICNT-ICNT+l
IF (IRTN.NE. 01ICNT-3
1RiN-O
IFUCNT.NE.81GOTO  24
ICNT-O
1RELCNG-C
DO 35 I=,,9
P‘~IXRC~I,.EO.OlGOTO  38
IXic(I)IIiRciI);l
IF(IXRC(I).LE.INWHNGG)GOTD  35
IXRC(I)-INOCRNG

38 IREICNG-IRELCNG+I
35 CONTINUE

IP(IREICNG.EQ.9)GOTO  34
24 IFARM-IPARM+l

IPARMM-IFARM
IF(IPARH.GE. lO)IPARM-1
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04140
04150
04160
04170
04180
04190
04200
04210
04220
04230
04240
04250
04260
04270
04280
04290
04300
04310
04320
04330
04340
04350
04360
04370
04380
04390
04400
04410
04420
04430
04440
04450
04460
04470

CALL "PDATE(IBATCH)
IPARM-IP*Rm

28 IF(IPARM.LT.lO)GOTO 26
IPARM=l
IWTFG=l

26 ~O~~AR$IPARM).GT..1E+98.0R.IXRC(IPARPLbEQ.0)GOT" 27

559 FOR"AT(6E13.6EZ)
34 WRITE(6.557)

IF(ISATCH.EQ.1) WRITE@
CALL "PDATE(IBATCH)
TSASE -FARM(l)
ALBEDS-PAR"(Z)
ALPPER-PARM(3)
ALPuN=PAR?!(4)
ALPINT=PARM(S)
ALPDPR-PARM(6)
ALPLE"=PAR"(7~
ALPW =PARM(8)
ALPSF =PARM(9)
EXVA-EXVAS
SsQERR=S
IF~~IB~.EQ.O)GOTO  992

=
992 CALL WRT(IBATCH)

REdWIND 8
STOP

,557)

1000 FORMAT(8AIO)
END
SUBROUTINE OUTFLW (NS)
IMPLICIT REAL (A-Z)
COHK)N,VAROF/OSZM,LSZM,G~M,SS,E"AP,"PLSE,"S~MAVG,LS~MA"G
COMMJN,PAROF,"SZC,ALPPER,ALP"E",ALPINT.ALPDA(,ALPLEV
COMMoN,PAROF2,ALP6J,ALPGE",ALPSF,ALBE"

04480 COMM,N,INDICAT,DAY,EPSILON,DPSILON,GPSILON
04490 COMM,N,VAROF~,"R"N,"INT,"FER,"GW,WEV,VLEV
045olxc*****
0451CCC ALPDA( - LINEAR RESERVOIR CONSTANT FOR DEEP PERCOLATION, IN". DAYS
0452oCC ALPCZ" = PARTIAL CONSTANT OF G&O "NDWATER EVAPORATION, IW. CUB. M.
"‘51iXC ALP6J - LINEAR RESERVOIR CONSTANT FOR GROUNDWATER I?L@!, IW. DAYS

0454oCC ALPINT = LINEAR RESERYOIR CONSTANT FOR INTERFLm, IN". DAYS
045503c ALPLEV - PARTIAL CONSTANT OF LMER ZONE EVAPORATION, IW. CUB. M.
0456oCC ALPFZR - LINEAR RESERVOIR CONSTANT FOR PERCOIATION,  IN". DAYS
0457ux ALPSE" - PARTIAL CONSTANT OF WRFACE EVAPORATION, IN". CUP.. M.
0458CCC ALPSF - LINEAR RESERVOIR CONSTANT FOR SURFACE FLdJ, IW. DAYS
045902c ALP"E" - PARTIAL CONSTANT OF "PER ZONE EVAP., INV. CUB. M.
046OCCC DAY -TIME IN ONE GROUP OF DAYS (WEM, MONTH, ETC.), DAYS
0461@X EVAP - TOTAL EYAPOTRANSPIRATION  "OLIME. CUB. M.
0462WC EYFRP - POTENTIAL EVAPOTRANSPIRATION  RATE, CUB. M./DAY
0463oCC GZM - GRO"NLWATER ZONE MOISTURE, CUB. M.
0464CCC HPLSE - TOTAL ENERGY OUT (EVAP. + POT. EVAP.) WATER EQ"., CUB. M.
0465cCC LS2.M = LdrlER SOIL ZONE "OISTITRE, CUB. H.
0466EC NS - NET SUPPLY "OLLME, CUB. M.
0467oCC NS - BASIN OUTFLCW "OLLHE, CUB. M.
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0468cCC NSR
0469EC R
047oocc ss
0471oCC T
0472cCC "SZC
0473mc "SZN
0474ccc Mm
0475ccc "GE"
0476EC "GM
0477ccc VINF
0478CCC VINT
04790X VLE"
048OoCC "PER
0481oCC VRUN
0482oCC WE"

= NET SUPPLY RATE, CUB. H./DAY
= DUMMY VARIABLE FOR STORlGE  OF INTERMXDUTE RESULTS
- S"RFACE WATER STORIIGE, C"B. ".
- Dmti "ARIAIBLE  FOR STORIGE OF INTERHEDIATE RESULTS
- UPPER SOIL ZONE P(OIST"RE CAPACIT, CUB. W.
-UPPER SOIL ZONE "0IST"RE. CUB. ".
- DEEP PERCOLATION WLME, CUB. M.
- GROUNDWATER  ZONE EVAPOTRANSPIRATION  WLUIB, CUB. M.
- GROUNDWATER  ZONE 0"TFLaJ WLUIE, CUB. M.
- INFILTRATION WLLME, CUR. N.
= INTERFLCW "OLME, CUB. M.
= LcXER ZONE E"APOTM.NSPIRATION  WLWE. C"B. M.
- PERCOLATION MLME, CUB. ".
- SURFACE RUNOFF MLM, CUB. M.
- "PPER ZONE E"APOTRANSPIRATIDN  WL(UE, "8. M.

NSR-NS,DAY
EYFRP-SPLSE,~.,DAY
IF(EVPRP.LE.DPSILON)GOTO  903

904 B=NSR,"SZC+ALPPER+ALPUEV*EYWP
C=NSR,B
A="SZM<
"SZWAVG-A,B*(l.-EXP(-B*DAY)),DAY+C
D-ALPINT+ALPDPR+ALPLEV*EVIRP
rr(ASS(O)-B),D).LE.EPSILON.OR.ABS~D-B~.LE.DPSILOW~GOTO  905
F=ALPPER*A,@-B)
G-ALPPER*C,D
E-LSZM-F-G
LSZMAVG=(E/D*(~.-W~P(-D*DAY~)+F/B*~~.-~P~-R*D~Y~~~/DA~~
GOT0 906

905 F-ALPPER*A

0483oCC*****
04840
04850
04860
04870
04880
04890
04900
04910
04920
04930
04940
04950
04960
04970
04980
04990
05000
05010
05020+
05030
05040
05050
05060
05070
05080
05090
05100
05110
05120
05130
05140
05150
05160
05170
05180
05190
05200
05210 E=Lsm-F4

G-ALPPER*C,D
F,=LSZH-G
LSZ"AVG=(E,D*(1.-F.XP(-D*DAY)hF,D**2*(1.-(D*DAY+l.)

*EXP(-D*DAY)))/DAY+G
9 0 6  EVPRPO-EVPRi  ...'

EV~RP=BPLSE,DAY,(~.+ALPUEV*"SZMAVG+ALPLEV*LSZMAVG)
~FABS((E"R(P-E"PRPO,/EYR\P~.GT.GPSILON~GOTO 904

903 B-NSR/"SZC+ALPPER+ALi'iEV*EVA(P
C=ALPPER*NSR,B
A-ALPPER*"SZM-C
T=EXP~-**DAY)*A/ALP~R~~~SR/B
"SZMAVG-IA/B*(l.-EXP(-B*DAY)),DAYti),ALPPeR
R-NS+!&-i
"SZN=T
VINP-NS-R*NSR,"SZC,B
VPER=R*AtPPER,B
VRUN-NS-"INF
WE"-R-FUN-VPER
D-ALPI~+ALPDPa+ALPLEV*EVAIP
IF(ABS((D-B),D).LE.EPSILON.OR.ABS(D-B~.LE.DPSILON)GOTO  100
F=A,(D-8)
G=C/D
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05220
05230
05240
05250
05260
05270
05280
05290
05300
05310
05320
05330
05340
05350
05360
0537(x
05380
05390
05400
05410
05420
05430
05440
05450
05460
05470
05480
05490
05500
05510
05520
05530
05540
05550
05560
05570

T-E*EXP(-D*DAY)+F*EXP(-B*DAY)+G
LSZMAVG=(E/D*(1.-EXP(-D*DAY))+F/R*(l.-EXP(-B*DAy~))/DAy~
R-"WR+LSZM-T
~F(ALPDPR.LT.DPsIL~N)G~T~  910
E=ALPDPa*E
F=ALPDRI*F
G=ALPDPR*G

910 LSZH=T
"INT=R*ALPINT,D
MR(-R*ALPDPR,D
VLE"=R-"INT-"DFR
H=A,,PGW+AJ.PGRY*E”PP
P.(ARS((“-D),H).LE.EPSILON.OR.ARS(”-D).LE.DPSILON~GO~ 200
IF(ABS((H-B),H~.LE.EPSILON.OR.ARS(H-B).LE.DPSILON~GOTO  250
T=(GZM-E,(H-D)-F,(H-B)-G,H)*EXP(-H*DAY)
+E,("-D)*EXP(-D*DAY)+F/(H-B)*EXP(-B*DAY)+G/H
~(ALPDPR.LT.DPSILON)  T&ZM*EXP(-H*DAY)
R=VDPR+GZM-T
~F(ALPDA(.LT.DPSILON,GOTO  911~,~~
L=&PaJ*(GZM-E,(H-D)lF,(H-B)-G/R)
M=E*(ALPINT/ALPDFR+ALPW,(H-D))
N-A*NSR/"SZC/ALPPBR+F*(ALPINT,ALPDA(+ALPM/(H-B))
~=c*NSR,"~~C,ALPPER+G*(ALPINT,ALPDA(+ALP~J/H)
GOT0 912

911 L=o.
M=ALPINT*E
N=ALPINT*F+A*NSR,"SZC,ALPPER
O=AI.PINT*GK*NSR,"SZC,ALPPBR

912 GZM=T
"‘%=R*ALPW,H
YGFV-R-“ad
P=ALPSF+ALP: iE”*E”mP

,/~.,~,F~"PsT,."N."R.ABS(P-H).LE.DPSILON)GOTO  300

- ~ ..-. , .~ ,, <.ABS(P-D).LE.DPSILON)GOTO  400
P.(ABS((P-B)/P).LE.EPSILoN.oR.ABs(p-B)~LE~Dps~LoN~GoTo  5o"
T=(ss-L,(P-H)-M,(P-D)-N,(P-B)-O,P)*EXP(-P*DAy)
+L,(~-H)*EXP(-H*DAY)+M,(P-D)*EXP(-D*DAY~+N,(P-B~*RXP(-B*DA~0558O+

05600 600 R=“RUN+“INT+“GW+SS-T
05610 NS=R*ALFSF,P
05620
05630
05640
05650
0566oC
05680
05690
057oc+

500

400

SS=T
EVAP-""E"+"LE"+"GE"+R-NS
RETORNRETORN
T=(SS-L/(P-H)-M/(P-D)+N*DAY-O/P)*EXP(-P*DAY)T=(SS-L/(P-H)-M/(P-D)+N*DAY-O/P)*EXP(-P*DAY)
+L,(P-H)*EXP(-H*DAY)+M,(P-D)*EXP(-D*DAY)+O,p+L,(P-H)*EXP(-H*DAY)+M,(P-D)*EXP(-D*DAY)+O,p

GOT0 600GOT0 600
T=(ss-L,(P-s)+M*DAY-N,(P-B)-O,P)*EXP(-P'DAY)T=(ss-L,(P-s)+M*DAY-N,(P-B)-O,P)*EXP(-P'DAY)
+L,(P-")*EXP(-"*DAY)+N,(P-B)*EXP  (-B*DAY)+O/P+L,(P-")*EXP(-"*DAY)+N,(P-B)*EXP  (-B*DAY)+O/P

05720 GOT0 600
05730 300 T-(sS+L*DAY-M,(P-D)-N,(P-B)-o/p)*~Xp(-p*DAY)
0574LN ,H,(P-D)*EXP(-D*DAY)+N,(P-B)*EXP(-B*DAY)+O,P
05760 GOT0 600
05770 200 T=(GZM+E*DAY-F/WB)-G,H)*EXP(-H*DAY)
0578Oe +F,(H-B)*EXP(-B*DAY)+G/H
05790 IF(ALPDPR.LT.DPSILON)  T=GZM*EXP(-H*DAY)

‘HO/P
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05800
05810
05820~
05830
05840
05850
05860
05870
05880
05890
05900
05910
05920
05930
05940
05950
05960
05970
059801
05990+
06010
06020
06030-t
06050
06060
060701
06090
06100
06110
06120
06130

R-VDmiGzH-T
IF(ALPDIR.LT.DPSILON)GOTO  913
L=ALPGw* (GZN-F/("-B)-G/H)+AI.PINT/ALPDR(*E
"=ALPGW*E
N=A*NSR/USzC/ALPPER+P*(ALPINT/ALPDFR+ALP(//(H-B))
O-C*NSR/USZC/ALPPeR*(ALPINT/ALPDPR+ALP(~)
GOT0 914

913 L=ALPINT*E
M-O.
N=ALPINT*F+A*NSR/USZC/ALPPeR
O=ALPINT*G+C*NSR,USZC/ALPWR

914 GZH-T
Vcd=R*ALP(;W/H
"GE"=R-"Gw
P=ALPSF+ALFsS"*EYmP
IF(ABS((P-H)/P).LE.EPSILON.OR.ABS(P-H).LE.DPSILON)GOM  203
IF(ABS~(P-Bj;Pj.LE.EPSILON.OR.ABS(P-B).LE.DPSILON)GOTO  204
T=(SS-L/(P-H)+M/(P-H)**Z-N/(P-B)-O/P)*EXP(-P*DAY)
+(L/(P-H)+W(P-H)**Z*((P-H)"DAY-l))*BXP(-H*DAY)
+Nl(P-B)*EXP(-B*DAY)+O/P

GOT0 600
204 T=(SS-L/(P-H)+M/(P-H)**Z+N*DAY-O/P)*BXP(-P*DAY)

+(L/(P-H)+K/(P-")**Z*((P-H)*DAY-1))*BXP(-H*DAY)+O/P
GOT0 600

203 T=(SS+L*DAYffl/Z*DAY**Z-N/(P-B)-O/P)"EXP(-P*DAY)
+N/(P-B)*EXP(-B*DAY)+O/P

GOT0 600
100 T=(LSZM+A*DAY-C/D)*EXP(-D*DAY)+C,D

F-A
G-C/D
E-LS2M-G

06140 LSZ"AVG-(E/D*(l.-EXP(-D*DAY))+F,D**2*(1.-(D*DAY+l.)
0615C+ *EXP(-D*DAY))),DAY+G
06160 R="PER+LSZK-T
06170 IF(ALPDPR.LT.DPSILON)GOTO  920
06180 E=ALPDFR*E
06190 F=ALPDPR*F
06200 G=ALPDFR*G
06210 920 LSZM-T
06220 V-INT=R*ALPINT,D
06230 MPR=P.*ALPDm/D
06240 "LEV-R-"INT-"DPS
06250 H-ALPGW+ALPGS"*E"FRP
06260 IF(ABS((H-D)/H).LE.EPSILON.OR.ABS(H-D).LE.DPSILON)GOTO 120
06270 T=(GZM-E/(H-D)+F/(H-D)**Zd//H)*EXP(-H*DAY)
062SO+ +(E/(H-D)+P/(H-D)**Z*(OI-D)*DAY-l))*EXP(-D*DAY)ffi/H
06290 IF&PDPR.LT.DPSIiON)  T-ZH*EXP(-H*DAY)
06300 R="DPR+GZM-T
06310 IF(ALPDPR.LT.DPSILON)GOTO  921
06320 L=ALP~*(GZH+P/OI-D)j*z-E/(H-D)-G/H)
06330 H=ALPG~*(E,(H-D)-F/(H-D)**Z)+ALPINT/ALPDR(*E
06340 K="+(NSR/USZC/ALPFSR)*A
06350 N=P*(ALPW/(H-D)+ALPINT/ALPDA()
06360 O.C*NSR/uSzC/~PWR~*(ALPINT/ALPDPR+ALP~~)
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06370
06380
06390
06400
06410
06420
06430
06440
06450
06460
06470
06480
06490+
06500+
06520
06530
0654Ot
06560
06570
06580+
06600
06610
06620
06630
06640
06650
06660
06670
06680
06690
06700
06710
06720
06730
06740
06750
06760
06770
06780
06790
06800
0681W
0682oC
06840
06850
06870
06880
06890+
06900
06910
06920
06930
06940
06950

GOT0 922
921 L-0.

M=ALPINT*E+A*NSR/USZC/ALPWR
N=ALPINT*F
O=ALPINT*G+C*NSR/USZC/ALPPER

922 GZM=T
"Gw=R*ALP(W/H
"GE"=R-"GV
P=ALPSF+ALPSE"*E"PRP
~(AB~((~-S)/P).LE.EPSILON.OR.ABS(P-H).LE.DPSILON)GOTO 130
~(ABS((P-D)/P).LE.EPSILON.OR.ABS(P-D).LE.DPSILUN)GO~ 140
T=(sS-L,(P-H)-M,(P-D)+N/(p-D)**Z-O/P)*WP(-P*DAY)
+L,(P-H)*EXP(-H*DAY)+O/P
+(M,(P-D)+N,(p-D)**Z*((P-D)*DAY-l))*EXP(-D*DAY)
GOT0 600

140 T=(ss-L,(P-H)+M*DAY+N/Z*DAY**Z-O/P)*EXP(-P*DAY)
+,.I(P-H)*EXP(-"*DAY)+O/P-. ,~ ~~.
GOT0 600

130 T=(SS+L*DAY-M/(P-D)+N/(P-D)**Z-O/P)*EXP(-P*DAY)
+(M,(P-D)+N,(P-D)**2*(cP-D)*DAY-1))*EXp(-D*DAY)+o/p

GOT0 600
120 T=(GZM+E*DAY+F/Z*DAY**Z-C/H)*EXP(-H*DAY)+G/S

IF(ALPDA(.LT.DPSILON)  T-Z.M*EXP(-A*DAY)
R=MFRtGZM-T
IF(ALPDPR.LT.DPSILON)GOTO  923
L=ALP~J*(GzM~//H)+ALPINT/ALPDPR*E
L-L+NSR/USZC/ALPpER*A
M=ALPGW*E+ALPINT/ALPDPR*F
N=ALPQd*F/2
O-C*NSR/USZ.C/~PPER+G*(ALPINT/ALPDPR+ALP~h)
GOT0 924

923 L=ALPINT*E+A*NSR/USZC/ALPPER
M=ALPINT*F
N-0.
O=.ALPINT*G+C*NSR/US2C/ALPPER

924 GZH-T
"GW=R*ALPGW/H
"GE"=R-"Gw
P=ALPSF+ALPSE"*E"PRP
IF(ABS((P-H)/P).LE.EPSILON.OR.ABS(P-H).LE.DPSILON)GOTO  123
T=(SS-L,(P-H)+M/(P-H)**~-~*N/(P-H)**~-O/P)*EXP(-P*DAY)
+(L,(P-H)+M,(P-H)**~*((P-H)*DAY-~)+N/(P-H)*DAY**~
-Z*N/(P-")**3*((P-H)*DAY-,))*EXP(-H*DAY)+O/P

GOT0 600
123 T-(SS+L*DAY+M/~*DAY**Z+N/~*DAY**~-O/P)*EXP(-P*DAY)+O/P

GOT0 600
250 T-(GZM-E/(H-D)+F*DAY-G/H)*EXP(-H*DAY)

+E/("-D,*EXP(-D*DAY)+G/H
,i?(ALPDFR.LT.DPSILON)  T-ZM*EXP(-H*DAY)
R=tiFR+GZM-T
IF~ALPDPR.LT.DPSILON)GOTO  915
L=ALPG,,*(GzM-E/(H-D)-G/H)+ALPINT/ALPDPR*F
L=L+A*NSR/USZC/ALPPSR
M=E*(ALPINT/ALPDPR+ALPW!(R-D))
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06960
06970
06980
06990
07000
07010
07020
07030
07040
07050
07060
07070
07080
07090
071oot
0711(x
07130
07140
0715ot
07170
07180
0719ot
07210
07340
07350
07360
07370
0738O+
07390
07400
07410
07415
07420
07430
07440
07445
07450
07470
07480
07485
07490
07500

N=ALPW*F
O~*NSR/USZC/ALPPER+*(ALPINT/ALPDFR+ALPW/H)
GOT0 916

915 L=ALPINT*F+A*NSR/USZC/ALPPER
M=ALPINT*E
N-O.
O=ALPINT*G+C*NSR/USZCIALPF%R

916 GZM-T
"W=R*ALPGW/H
"GE"=R-VW
P-ALPSF+ALPSE"*EYPRP
~(ABS((P-H)/P).LE.EPSILON.OR.ABS(P-H~.LE.DPSILON~GOTO 255
IF(ABS((P-D),P).LE.EPSILON.OR.ABS(P-D).LE.DPSILON)GOTO  254
T=(SS-L/(P-H)-M/(P-D)+N/(P-H)**Z-O/P)*EXP(-P*DAY)
+(L/(P-H)+N/(P-H)**Z*((P-H)*DAY-l))*EXP(-H*DAY)
W(P-D)*EXP(-D*DAY)+O/P

GOT0 600
254 T=(SS-L/(P-H)+M*DAY+N/(P-H)**Z-O/P)*EXP(-P*DAY)

+(L/(P-H)+N/(P-H)**Z*((P-H)*DAY-l))*EXP(-H*DAY)fO/P
GOT0 600

255 T=(SS+L*DAY-M/(P-D)+N/Z*DAY**Z-O/P)*EXP(-P*DAY)
ffl/(P-D)*EXP(-D*DAY)+O/P

GOT0 600
END
SUBROUTINE UPDATE(IBATCH)
IMPLICIT REAL (A-&J-Z)
COMM)N~OTPT/AREA,ISTART,INODAYS,I*P~D,~PAR~,PA~,IXRC,IN~SNG,

S,EXVAS,IFDHR,ILMR,IHEADl,IHEAD2,IHEAD3,IHEAD4
DIMENSION PARM(P),IXRC(9)
IF(IBATCH.EQ.1)  RETURN
RE.JIND 7
WRITE(7,3000)IHEADl,IHEAD2,IHEAD3,IHEAD4
WRITE(7.559) AREA
WRITE(7.560) ISTART
WRITE(7.560) IFDMR
WRITE(7,560) ILDMR
WRITE[7.560) INDPGOD
DO 36‘161.9'

36 WRITE(7.557) PABM(I),IXRC(I)
WRITE(7,560) IPARM
WRITE(7.560) INCCHNG
IWTE(7,559) EX”AS,S
R!zliIND 7

557 FORMAT(El0.3EZ,ZX,Il)
559 FOBMAT(6El3.6EZ)

07510
07520
07530
07540 560 FORMAT
07545 3000 FORMAT(4AlO)
07550 RETURN
07560 END
07570 SUBROUTINE WRT(IBATCH)
07580 IMPLICIT REAL (A-KJ-Z)
07590 COMEION/PAROF,U~ZC,~LPtiR,ALPUEY,ALPINT,ALPDPR,ALPLE"
07600 COMMDN/PAROFZ/ALPLW,ALPGE",ALPSF,ALPSE"
07610 COMEB)N/OTPT/AREA,ISTART,INODAYS,INDPGOD,IPARM,PARn,IXRC,INOCHNG,
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07620+ S,EX"AS,IFDMR,ILIMR,IHEADl,IHEAD2,IHEAD3,IHE~4
07630 COMM,N/OTPTZ,TBASE,ALBEDS,EX"A,SWERR
07640 DIMENSION IX(9),PABM(L)),IXRC(9)
07650 IF(IBATCH.EQ.2)GOTO  lo
07660 IF(ISATCH.EQ.l)GOTO  20
07670 ~RITE(~,~~~)TBASE,ALBEDS,ALPPER.ALPUE",ALPINT,ALPD~,
0768oC ALPLE",ALP~,ALPSF,EX"A,SWERR
07690 556 FOR"AT(E~.~E~,SE~.~E~,~X,F~.~,E~~.~E~)
07700 RETURN
07710 10 WRITE(~,~~~)TBASE,ALBEDS,ALPPSR,ALPUS",ALPINT,ALPD~,
07720-f ALPLS".ALPGW,ALPSF,EX"A.SSQERR
07730 557 FOBMAT(9Ell.3E2,4X,ZE14.6E2)
07740 RETURN
07750 20 DO 30 1=1,9
07760 1X(1)=1"
07770
07780
07790
07800+
0781W
0782W
0783ot
07840
07850

IF(I.EQ.IPARM)IX(I)=~H*
30 CONTINUE

m1TE(8,558) IX(l),TBASE  ,IX(l),IX(Z),ALBEDs.Ix(2).
IX(3),ALPFER,IX .-
rxt51.ALPINT.IX(5).IX(6).ALPDD.~~,~ ,,~~ .&1X(6),
Ix(7),ALPLGII;IXi7j;IX(8),ALPW  ,1x(S),
IX(9).ALPSF  .IX(9),Sx"A,sSQERR

i.6E2)558 FORMAT(lX,9(lX,Al,~S.3E2.Al),3x,2Sl~

07860 END
os44occ*****
os45Ccc*****
"8‘6" SUBROUTINE LENGTH(IFDP.ILDP,INODAYS)

:PLICIT REAL(A-H&Z).
MENSION MON(l2)
.TA IM0N/31.28,31,30,31,30,31,31,30,31,30.31~

“OJI”

08520 IBM=(IFDP/lOOOO)-IBD*loo
08530 II,f=(ILDP/l0000)-ILD*loo
08540 IBY-IFDP-(IFDP/lOoOO)*loooo
08550 ILY-ILDP-(1LDP/10000)*10000
0856WC*****
08570 IF(INT((FLOAT(IBY)+.5)/4.)*4.EQ.IBY)IMON(2)=29
OS580 INODAYS=IMON(IBH)-IBD+I
08590 444 IBM-IBM+1
OS600 IF(IBM.EQ.l3.AND.IRY.LT.ILY)GOTO  222
^^,.^ --'-"-, c- 77" "=n.IBY.EQ.ILY)GOTO  555“llOl” IP ,LD”.Wl.LUT.ru.”

08620 333 INODAYS=INODAYS+Il
08630 IF(ILD*l00000O+IB1
08635+ INODAVS-INODAYS-IHON(IBH)+ILD
OS640 GOT0 444
08650 222 IBM-k
OS660 IBY=IBY+l
08670 WON(Z)=28
08680 IF(INT((FLOAT(IBY)+.5)/4.)*4.EQ.IBY)MON(2)=29

.IMON(IBM))

08690 GOT0 333
08700 555 REWRN
08710 END
I
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F.3 Source Code for Calibration Program Using Monthly Data WEAL)

00100
OOllo+
00120
00130
00140
00150
00160
00170
00180
00190+
00200
00205
00210
00220
00230
00240
00250
00260

pRO(xAM NnCALMDATA,TAPE5=MDATA,OUTPUT,TAPE6=OUTpUT,
RES,TAPEO=RES,MPAR,TAPE7=HPAR)

MPLICIT REAL
CM~N/VAROP~O

(A-H, J-Z)
SZM,LSZM,GZM,SS,E"AP,HPLSE,USZ"A"G,LSZ"AVG

CCMM)N/PAROkjllSZC,ALPPER,ALPUE",ALPINT,ALPDW,ALPLEV
COELMN/PAROF2/ALPW.ALPGE".ALPSF,ALPSE"
COMEDN/IWICAT/DAY,~PSILON,DPSILON,GPSILON
CCNPDN/"AROF2/"RUN,VINT,"PRR,"aJ.WR",YLR"
CCEIEON,OTPT,AREA,ISTART,IN~DAYS,I~~~D,IPA~,PA~,I~C,INOCHNG.

S,EX"AS,IPDMR,ILMR,IHEAD1,IHEAD2,IHEAD3,IH~4
C~PON/OTPTZ,TBASE,ALSEDS,EX"A,SSQERR
DIMENSION 0NT1(12),0NTT(12).SUP(12),MICH(12)
DIMENSION R(14),IWR1(13)
DIMENSION PARM(9),IXRC(9)
DMENSION DATA(9.109)
DIMENSION INAKS(8)
DMENSION IERR(6)
DATA IERR/6*0/

002803C*****
0028!CC*****  HONTHLY MODEL FOR EX)NTRLY DATA
00290CC***** PROGRAM POR INTERACTIVE IWESTICATION  OF NODEL
0030ox*****
0030zc NOTE -- HONTSLY DATA SST SHOULD BE COMPLETE
00304cc (NO -9999. VALUES) FOR TWERATURE AND
00306cc PRECIPITATION. FLaJ DATA MAY CONTAIN
003osCc MISSING (-9999.) VALUES.
00309cc
0031occ THE ARRAY ‘DATA’ SHOULD BE DIMENSIONED AS:

00312CC DATA(9,NUMBER  OF M)NTSS IN DATA SET)
00315Cc*****
0032oCC AREA = WATERSHED AREA, SQ. M.
0033occ nad = ACTUAL BASIN OUTFLW "OLIME,  CUB. M.
00343cC IPDplR = FIRST PlONTS POR "ODEL RUN (MMYYYY)
00345cC ILMR = LAST ElONTS FOR MODEL RUN (H”YYYY)
00350x IK = CALENDAR MONI11 OF THE YEAR
0037oCC  INODAYS- NUMBER OF MONTSS TO BE CONSIDERED IN DATA SET
003srcc IY -CALENDARYEAR
003903C PRECIP = MONMLY R(ECIPITATION "OLIHE (LIQUID EQUIVALENT), CUB. M.
004OaC R = AVERAGE "ID-"oNTH CLOUDED-DAY INSOLATION, LANGLEYSIDAY
0041ccc (INPVP  IN UNITS OF lO*LANGLEYS/DAY)
0042oCC RR = "ONTRLY SURFACE INSOLATION, CAL.
0043ccc SW = SNWPACX WLME (LIQUID EQUIVALENT), CUB. H.
0044oCC TA = AYERAGE DAILY AIR TMPERATURE, DEG. C.
00470x*****
0048@C*****
0049CCC***** INPUT CONSTANTS
00492cc*****
00494 DATA ONTI/20.,33.,46.,59.,69.,74.,70.,62.,51.,38.,24.~ls.~
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00496
00498
00500
00503
00504
00506
00507
00508
00510
00512
00514
""5 19

DATA 0NTT/20.,31.,46.,60.,70.,74.,71.,61.,48.,34.,22.~18./
DATA suP/19.,33.,49.,64.,77.,79.,77.,67..51..36.,20.,15.t
DATAMIcH/22.,34.,48.,62.,70.,73.,70.,61.,49.,36.,24..19./
REWIND 7
RRAD(7,2000) ILAm

2000 FOBNAT(A4)
DO 45 I-l,12
IF(ILAF.E.EQ.4"IONT)  R(I)=ONTI(I)
IF(ILAXE.EQ.4"TONT)  R(I)=ONTT(I)
IF(ILAKE.EQ.W1SUPE)  R(I)=SUP(I)
IF(ILAKE.EQ.4"MICH)  R(I)=MICH(I)

‘5 CONTINUE_.. ._
0052occ*****
00521CC NOTE -- SYSTEM SPECIFIC R(OCEDURE SUPPLIES ZERO
"0522CC WHEN EXPONWTIAL  UNDERFLW OCCURS
0052XC*****
00525 CALL SYSTlMC(ll5,IERR)
0052~c*****
00528 REWIND 7
00530 READ(~,~OOO)IHEAD~,IH~~,ISE~~,~SE~~
00532 3000 FORMAT(4AlO)
00535Cc*****
0054~C***** IBATCH = 1 FOR BATCH JOB; = 0 FOR INTEBidJTI"E JOB
0055ccc*****
00560 IBATC"=O
00570 EPSILON=l.E-7
00580 DPSILON=l.E-200
00590 GFSILON-l.E-3
00600 ALPGE"=O.
00610 ALmE"=0.
00630 DO 33 IXY=1,12
00640 33 R(IXY)-R(IXY)*10.
00670 READ(7.559) AREA
00680 REm(7.560) ISTART
00685 560FORMAT(IB)
00690 READ(7,560) IFDMR
00695 READ(7,560) ILMR
00705 CALL LENGTH(IFDMR,ILMR,INODAYS)
00730 IIST=ISTART
00725 III-INODAYS
0074occ*****
0075cCC*****  SYSTEMATIC PARAMETER SEARCH
0076aC*****
00770 IFTFG=l
00780 IRTN=O
00790 ICNT=O
00800 IRPTFG-1
00810 IOPDN-1
00820 IOPTFG=-1
00830 USZC=AREA*O.OZ
00840 DO 36 I-l.9
00850 READ(7.557) PARM(I),IXRC(I)
00860 IF(PARM(I).LT..lE-9)  PARM(I)-.lE-9
00862 XRCC=l0.**(l-IXBC(I)+INT(ALOG1O(PARM(I)*.99999)))
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00865 IF(PARM(I).LT.l.0000l)XRCC-WCC/lO.
00866 PARM(I)=PARM(I)+XRCC/Z.
00867 XRCC=lO.**(l-IXXC(I)+INT(ALOGlO(PAR"(I)*.99999)))
00868 IF(PARM(I).LT.l.0000l)XRCC=XRCC/lO.
00869 PARM(I)=INT(PARM(I)*l.0000l/XRCC)*XRCC
00870 36 CONTIN"!?
00875 READ(7,560) IPARM
00880 RF.AD(7.560) INOCHNG
00890 IF(INOCHNG.LT.~.OR.INGCHNG.~.~)  I=IFTK:/IXTN
00900 DO 37 I-l.9
00910 IF(IXRC(I).GT.INOC"NG)  IXRC(I)=INWHNG
00920 37 CONTINUE
009mc*****
0094mc***** INPUT AND FILL IN EDNTHLY  DATA
0095azC*****
00955 REWIM) 5
00960 READ(S,lOOO) INAm
00970 REUTND R
00980 IF(IBAT"LEQ.O)GOTG  996
00990 WRITE(8,lObO) INAME
01000 1060 FORMAT(3X.Z~CALIBRATION  RUN FOR .%lO)
01010 WRITE(8,1670) AREA,ISTART,INODAYS
01020 1070 FORMAT(/,3X, 7HAXEA = ,E13.bE2.
0103G-k /,3&38RLAST EDNTH OF INITIALIZATION PERIOD = ,15,
01040+ /,3X,lRITOTAL  NIMBER OF M)NT"S USED IN CALIBRATION = ,15.
01050+ /,3X,4@IMASSBALANCE  INTERVAL IN CALANDER MONTHS,//)
01060 996 CONTINUE
01070 ReAD(5.1000)
01080 READ(5,lOOO)
01090 REm~5.1000)
01100 15 READi5;10l0jI",IY.INOIM.TA,PRECIP,FLW
01110 IF(M*l000CWY.NE.IFDMR)GOTO 15
01115 BACKSPACE 5
01120 DO 600 I=l,INGDAYS
01130 REAo(5,lOlO) IM,IY,INOM,TA,WECIP,FLUd
01140 1010 F0RMAT(1X,13,15,2X,13,5X,F10.2,2P20.0)
0125cCC*****
012bazc***** CCNPUTE  HON’IXLY  INSOLATION
0127CCC*****
01530 DATA(3,I)=FL(Y
01525 DATA(Z,I)=TA
01526 DATA(9.I)=PLOAT(INODl)
01540 DATA(S;Ij=PR&
01545 RR=R(IM)*DATA(9.I)*lOOOO.*AREA
01550 DATA(b,I)=RR
01560 600 CONTINUE
01570 REWIND 5
0158cCC*****
0159mc*****
olboocc*****
01610 1XNTR-O
01620 AV(F-0.
01630 "AR-O.
01640 MEAN-O.
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01680 DO 610 I=l,INODAYS
01690 IF(I.LE.ISTART) GOT0 610
01695 IF(DATA(3.I).LT.-900.)GOTO  610
01700 A"@ = iV& + DATA(3,I)
01710 IXNTR = IKNTR+l
01790 "AR = VAR + DATA(3,1)**2
01800 MEAN = HEAN + DATA(3,I)
01830 610 CONTINUE
01840 FI = FLOAT(IKNTR)
01850 “AR = VARIFI
01860 MEAN = MEAN/F1
01870 “AR = “AR - MEAN**2
01880 AYGF = AV@'/FLOAT(IKNTR)
0189cCC*****
019oocc*****
0191Ccc*****
01920
01930
01940
01950
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130
02140
02145+
02150
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250

TBASE -PAW(l)
ALBEDS-PARM(2)
ALPPER=PARH(3)
ALPUE"=PARM(4)
ALPINT=PAR"(S)
ALPDFR=PARM(b)
A,,PLE"=PARM(7)
ALPad =PARM(B)
ALPSF =PARH(9)
IF(IBATCH.EQ.O)GOTO  990
IBATCH=

990 CALL WRTUBATCH)
IF(IBATCH.EQ.O)GOTO 991
IBATCH=

991 s=o.u+99
GOT0 26

20 XRCC=~~.**(~-IXRC(IPARM)+INT(ALOG~O(PAREI(IPARH~*.~~~~~~~~
IF(PARM(IPARM).LT.1.000Ol)XRCC=XRCc/1O.
IF(~NT(PARM(IFARH),XRCC*~.~~~~~).NE.~~**IXRC(IPA~))GO~  21
IF(IUPLiN.NE;l)GOTO  21
xRcc=xRcc*10.

2, PARN(IPARM)=(INT(PARM(IPAP.M)*l.0000l/~CC)+IDPDN)*~cc
IF(PAKM(IPARM).LT..999998-lO.OR.(IPARM.NE.2.AND.

PARM(IFARM).GT..99999E+9))GOm  22
TBASE = PAM(l)
ALBEOS = PAM(Z)
ALPPER = PARM(3)
ALPUF." = PARM(4)
ALPINT = PAW(S)
ALPDFR = FARM(b)
ALPLW = PARM(7)
ALPad = PARM(8)
ALPSF = PARK(I))
IF(IRPTFG.EQ.0) GOT0 554
IRPTFG=O

02260 IF(IPARM.LE.2) IRPTFG-1
0227cCC*****
0228cCC*****  FIND SUM OF SQUARED ERRORS
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0229EC*****
02300 IF(IPAFM.NE.2.AND.IPARnBE.3.AXD.IFTPG~EQ~O)Gom 310
02310 SW-O.
02320 A"QlR-3.
02330 IFTFG = 0
0234WC*****
0235cCC*****  HONTHLY LOOP -DATA II(BPBRATION (BEGINNING)
023bEC*****
02370 DO 300 I=l,INOOAYS
0238EC*****
0239CCC***** "EAT BALANCE
024OcCC*****
02430
02440
02450
02470
02480
02490
02510
02550
02560
02570
02600
02610
02620
02650
02660
02670
02690
02700
"2710

TA-OATA(2.1)
RR = DATAib;I)
FRECIP = DATA(5.1)
MELT-O.
IF(TA.LE.O.)COTO  903
IF(SW.LT.I.)GOm 904
DD=TA*OATA(9,1).

951MELT=ALBEDS*OD
IF(MELT.LE.StW)GOm  904
MELT-SW

904 SW-SlW-SO3l.T
NS=PRECIP+MELT
Gom 905

903 SMJ=Stw+PRBCIP
NS-O.

905 OATA(l,I)=NS
IF(I.LE.ISTART)COm  300
AV(XR=AVGXR+RR-"ELT*lOOOOOO.*79.7

300 CONTINUE
0272oCC*****
0273oCC*****  HONTHLY LOOP -DATA FREPARATION  (END)
0274oCC*****
0275cCC*****
027bmC***** SUMMARY INFORMATION
0277cCC*****
02780 3 10 AVGHPLEd.
02790 00 910 I=l.INOOAYS
02800 TA-DATA(2.1)
02810 "PLSE=EXP(TA/TBASE)
02820 OATA(4,1)=HPLSE
02830 IF(I.LB.ISTART)GOrn  910
02840 AVGHPLE=AVG"PLE+"PLSE
02850 910 CONTINUE
02860 COAS=AV(aR/AVGHPLE
02870 DO 911 I=l,INOOAYS
02880 TA-OATA(2.1)
02890 HPLSE=0ATA(4,1)/(596.-.52*TA)/1000000.*C0NS
02900 911 DATA(4,I)=HPLSE
0291occ*****
0292oCC*****
0293wc*****
02980 00 400 I=l,INOOAYS
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02985 DATA(7,1)=DATA(l,I)
03100 400 CONTINUE
0311cCc*****
0312oCC***** INPUT INITIAL VARIABLE VALUES
0313occ*****
03140 554 USZM=.0069W,REA/100.
03150 LSZM=.03335*AREA/lOO.
03160 GZM=O.0000*AREA/100.
03170 SS=.0093l*AREA/lOO.
0319ccc*****
032OCEC***** INITIALIZE
0321cCC*****
03220 AV(TM = 0.
03230 "ARM-O.
03240 FROD-0.
03280 SSQERR = 0.
03300 IFIId)
0331azc*****
0332WC*****  HONTHLY LOOP (BEGINNING)
0333CCc*****
0334” DO 100 I-1,111
0335ac*****
033bcCC***** INPUT MONTHLY PREPARED DATA
0337ccc*****
03380 NS=DATA('I,I)
03390 "PLSE-DATA(4,I)
03400 FLW = DATA(3,I)
03405 DAY=DATA(9,1)
0341mc*****
0342CCC***** EIASS BALANCE
0343occ*****
03440 CALL O"TFL(W(NS)
0345occ*****
0345 I IF(FLW.LT.-900.)GOTO  100
03460 IF(I.LE.IIST)GOTO 100
03470 AV@M=AVG?M+XS
03480 “ARM=“ARMWS**Z
03490 pRoD=PRoD+FLcu*Ns
03530 SSQERR=SSQERR+(FLW-NS)**Z
03550 IFII=IFII+l
03560 100 CONTINUE
0357occ*****
0358cCC***** ElONTHLY  LOOP (END)
03590Cc*****
03bOoCC*****
03bloCC*****  SLM"ARY INFORMATION
03620CC*****
03630 FI=FLOAT(IFII)
03640 A"~M=A"GFM/FI
03650 "ARM-"AR",FI
03660 "ARM-"ARM-A"GFM**Z
03670 A(OD=PROD/FI
03680 EX"A=(PROD-MRAN*A"~;~M)**Z/VAR/VARM
03740 SSQERR=SSqERR/FI
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03760 SSQERR=SQRT(SSQERR)/AREA*~OO.
03780 F.X"A=SQRT(EX"A)
03790 CALL WRT(IBATCH)
03800 557 FORMAT~E10.3EZ.ZX.11~
03810
03830
03840
03850
03860
03870
03880
03890
0 3 9 0 0 CALL."PDATi(IBAT&)

CALL UPDATE(IBiTCi)
1FBSQERR.GE.S) GOT0 22
S=SSQERR
EX"AS=EX"A
IRTN=IRTW+l
IOPTFG=IOPTFG+1
GOT0 20

22 PARM~IPARM~=PAP.M~IPARW-XRCC*FLOAT(IUPDN)

03910 IF(IOPTFG.GT.0)  G O T 0 23
03920 IOPTFG-l
03930
03940 corn 2 0
03950 23 IOPTFG=O
03960 I"PDN=I
03970 27 ICNT=ICNT+l
03980 IF(IRTN.NE.O)ICNT=O
03990
04000
04010
04020
04030
04040
04050

IRTNa)
IF(ICNT.NE.B)GOTO 24
ICNT=O
IREICNG=O
DO 35 1=1.9~.~
IF(IXRC(I).EQ.o)GOTO  38
Imc(I)=IXRc(I)+l

0 4 0 6 0 IF(IxRC(I).LE.INOCHNG)GOTO 35
04070 IXRC(I)=INCCHNG
04080 38 IRELCNG=IRELCNG+I

35 CONTINUE
IF(IRELCNG.EO.9)GOTO  34

04090
04100
04110
04120
04130
04140
04150
04160
04170
04180
04190
04200
04210
04220
04230
04240
04250
04260
04270
04280
04290
04300
04310

24 IP.iRM=IPARM+i
IPARMM-IPARM
IF(IPARM.GE.10)IPARH=1
CALL UPDATE(IBATCH)
IPARM=IPARMM

28 IF(IFARM.LT.lO)GOTO  26
IPARK=
IRPTFG=l

26 IF(PARM(IPARM).GT..lE+98.OR.IXRCUPAR").EQ.o)GoM 27
GOT0 20

559 FORMAT(6E13.bEZ)
34 WRITE(b,557)

IF(IBATCH.EO.1) WRITE(8.557)
CAiL UPDATEiIBiTCH)
TBASE =PARM(l)
ALBEDS=PARM(2)
ALPPER=PARM(3)
ALP"E"=PARM(4)
ALPINT-PARM(5,
ALPDA(=PARMibj
ALPLEV=PARM(7)
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04320
04330
04340
04350
04360
04370
04380
04390
04400
04410
04420
04430

ALPW =PARM(B)
ALPSF =PARM(9)
EXVA-EXVAS
SSQERR-S
IFUBATCH.EQ.O)GOM  992
IBATCH-

992 CALL WRT(IBATCH)
REWIND 8
STOP

1000 FORMAT(sA10)

!EROUTINE  0uTF~w (NS)

(SEE LISTING FOR CALE,)

07350 SUBROUTINE "PDATE(IRATCH)

(SEE LISTIN; FOR CALIB)

07570 SUBROUTINE WRT(IBATCH)

(SEE LISTING FOR CALIB)

08460 SUBROUTINE LENGTH(IPDP,ILDP,INODAYS)
08470 IMPLICIT REAL(A-&J-Z)
08520 IW=(IFDP/10000)
08530 IIM=(ILDP/10000)
08540 IBY-IFDP-(IFDP/10000)*10000
08550 ILY-ILDP-(ILDP/loooo)*loooo
08560CC*****
08580 INODAYS=IZ*(ILY-l)+IM-(lZ*(IRY-l)+(IB"-1))
08700 555 RETURN
08710 END
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Appendix G.--EXAMPLE CALIBRATION PARAMETER FILES (PARAM):  INITIAL AND FINAL
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~.l Initial Parameter File (Pm)

SUPERIOR: ALL BASINS 1-22
. 128925B+12

630
01121969
31121978

7
.17OB+o1  1
.29oE+o9 1
.24OEtOl  1
.lOoE-09 1
.45@X-02 1
.98OE-02  1
.77OE-03  1
.38UE-02  1
. 16OFa+OO  1

1
2
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G.2 Final Parameter File (PARAM)

SUPERIOR: ALL BASINS 1-22
.12892X3+12

630
1121969

31121978
7

.19oE+ol 2

.3ooE+o9 2

.27(E+Ol  2

.lOOF,-09  2

.6OOF,-02  2

.17OR-01  2

.93OE-03  2

.35Q-02  2

.17GE+Oo  2
7n

.8912t8E+00 .19400~.+00
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Appendix H.--EXAMPLE CALIBRATION SESSION (RESULT)
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CALIBRATION RUN FOR COMBINED SOBBASINS:  1111111111111111111111

AREA = .128925E+lZ
LAST DAY OF INITIALIZATION PERIOD = 630
TOTAL NLMBER OF DAYS USED IN CALIBRATION =
MASS-BALANCE  INTERVAL (DAYS) - 7

3318

.2OOE+Ol .3oOEtO9 .2oOE+o1 lOcE-09 .50(3-02
*.3oOEtO1* .3OOEtG9 .2oOEtO1 lOOR-09 .5OOR-02
*.4oOEtO1*  .3oOEffl9 .20OE+01 IOQ-09 .50,X-02
l .2omffl1* .3ooEm9 .2OOE+Ol IOCE-09 .5OoE-02
*.1oOEtO1* .3oOEtO9 .2OOE+Ol ,lOoE-09 .5O(E-02
.ZOOEffll  *.4oOEtO9* .2OOE+Ol lOOE-09 .5OoE-02
.ZOOE+Ol *.zoOE+O9* .2ooE+o, IO@?.-09 .5OoE-02
.2OcB+Ol .3OOE+J9 *.3oOE+O1* .lOcs-09 .5OC?Z-02
.ZOOEMl .3ocBm9 *.4oOF,+O1*  .lOcE-09 .5OoE-02
.2OOE+Ol .3ooEto9 .3OoE+O1 l .ZOOE-09* .5OOF,-02

.lOOE-01

.,OOE-01

.lOOE-01

.lOOE-01

.lOOE-01

.100x-01

.lOOE-01

.1oOE-01
lOOE-01

:lOOE-01

.8O(E-03

.80,X-03

.8OOE-03

.80&-03

.8Oc6-03

.8OtX-03

.8OoE-03

.8OoE-03

.8OO?-03

.SO(E-03

.8OoE-03

.8OCE-03

.8OCE-03

.4OOE-02

.4OOE-02

.40&Z-02

.4OOE-02

.4OoE-02

.4OOE-02

.4OOE-02

.4OOE-02
4OOE-02
:4OOE-02
.4OOF,-02
.40,X-02
.4OoE-02

.200E+00

.2oOF,+Oo

.2oOE+Oo

.ZOOE+OO

.2ooE+oo

.2ooEtoo

.ZOOEfflO

.2oOE+Oo

.ZOOE+OO

.2oOR+oo

.ZOOE+OO
zoOE+Oo
:2oOE+Oo
.ZOOE+OO
.ZOOE+OO
.2oOE+Oo
.ZOOE+OO

.87958OE+OO

-I
.866557E+oO
.849625E+OO

.885562X+00

.88431lE+oO

.86237Ec00

.868OlbE+oO

.83963bE+oO

.88602OE+oO

-1
.3103bbEE+oO

.22952oEmo

.395737Emo

.21774lE+Oo

.21511CE+OO

.212240E+OO

.362909E+00
23195lE+Oo
:24774%+00
.214288EfflO

.884198E+OO

.881267E+OO

.88688bE+OO

.883323E+OO

.88688bE+oO

.88688bE+OO

.884103E+OO

.21444bE+OO

.1V7392E+oO

.208978E+OO
197392EfflO

:197392EMO
.199575E+Oo
198015E+OO

:205833E+GO
.216242E+OO
.266083E+QO
.42078bE+OO
.200528EMO
.24lOOOE+OO
.206136E+00
.21408bE+oO
.1975OOE+OO
.l9787oE+oO
.200015E+OO
.20897E+OO
.21224Z+OO
.197392E+OO
.197392EulO
.1975143+00
.19729bE+oo
197229E+OO

:19719lE+00
.19718bE+OO
.197217E+OO

.2OOE+Ol .3ooEm9 .30m+01 . IOCE-09 *.bO(E-02* .lOOE-01

.2OOE+ol 3olxto9
:3oOEtO9

.3OcE+Ol 1003-09 *.7OrX-02* 100x-01
.ZOOEMl .3OcB+Ol :1ocE-09 .bOoE-02 *:ZOOE-01*
.2OOE+Ol .3OOE+oY .3oOE+o1 .lOOE-09 . bOoE-02 *.3OOE-01*
.2OOEtol .300E+09 .3OcE+Ol .1om-09 . bOCE-02 .zoOE-01

::
.2om+O1 .3ooEmv .3OoE+O1  .lO(E-09 .6OOE-02 .ZOOE-01

F .ZOOEffll .3ooE+ov .3OOE+Ol .lOOE-09 .bOOE-02 .ZOOE-01
.2OOE+Ol

: 3'~~~; ::EZ:
.lOcE-09 .bOoE-02 ZOOE-01

.ZOOE+Ol .lOcE-09 . bOoE-02 :ZOOE-01

.2OcEtOl .3oOEwv .3OOEtOl  .lOOE-09 .bOOE-02 .ZOOE-01

.SOuz-03 .4OOE-02
*.VOoE-03* .4OOE-02
*.lOCE-02* .4OOE-02
.VOIJZ-03 *;5OOE-02*
.9O(E-03 *.3OOE-02* .ZOOE+OO
.9OE-03 .4OOE-02 *.3OOE+oO*
.vooE-03 . 4OOE-02 *.lOOE+oO*

.886237EMO

.87678OZfflO

.866204E+OO

.867754R+OO

.85037OR+oO

.883493E+OO

.82bOlbE+OO

.882209E+oO

.88405lE+OO

.886697E+oO

.88699lEWO

.885245E+oO

.883324@+00

.884197R+OO

.88688bE+oO

.88688bE+OO

.886721E+OO

.887019E+OO

.887117E+OO

.887177E+OO

.887197R+OO

.887173E+oO

*.300X+01* .300Effl9 .3oOEul1 lOOE-09 .bOOE-02 .ZOOE-01
*.1oOEto1* .3OOE+OV .3OOEtOl :1ooE-09 .bOoE-02 .ZOOE-01
.ZOOE+Ol *.400E+O9* .3OOE+o1 .lOcE-09 .bOoE-02 .200E-01

. VOOE-03 .4OoE-02

.9oOE-03 .4OOE-02

.vooE-03 .4OOE-02

2oOEtOo
:200E+00
.ZOOE+OO
.2OOE+oO
2oOE+oo

:ZOOE+oO
zoOE+Oo
:200E+00
.2ooE+oo
.ZOOE+OO
.ZOOE+OO
.2oOE+oo
.zoOE+Oo
.2om+Oo
.2oOR+Oo
.200E+00
.2OOE+OO
.2OOE+OO

2OOE+O1
:2oOE+O1
.ZOOE+ol
.ZOOEffll
.2OoEWl
.2oOEtO1
.2OOE+Ol
2OOEffll
:2oOwo1
2OOE+al
:2oOEtO1
.ZOOEMl
.200EMl
.2006+01
.2OOR+Ol
.ZOOE+ol

*.ZOOE+oP* .3OOE+ol . l O O E - 0 9  .bOCE-02 .ZOOE-01
.306+09 *.4oOEtO1* .lOlx-09 .bOoE-02 .ZOOE-01
.3ooEm9 *.2oOEtO1* .lOcE-09 .bOoE-02 .ZOOE-01

*.ZOC%-O'? .bOoE-02 .200x-01.3OOEtOV
.3OcE+OV
.3ooEtov
.3ous+lv
.3OOEtOV
.3oOE+O9

.3OOEWl

.3OoEcol

.3OOE+Ol

.3OOE+ol

.3OOE+Ol

.3OcE+ol

.3OOEffll

.3OOEtol

.3om+O1

.3OOErol

.3OoE+Ql

.3OOE+Ol

.3O(&Wl

.lOGz-09 *.7OOE-02* .ZOOE-01

.lOoE-09 *.5OoE-02* .ZOOE-01

.306+09

.3ooE+ov

.3om?tOv
3omm9
:3om9
.3ooE+o9
.3ooE+o9

.lOOE-09 .bOOE-02 *.3OOE-01* .9O(E-03 .4OOF.-02
lOOR-09

: IOCE-09
.600X-02 *.lOOE-01* .POOE-03 .406-02
.bOoE-02 . ZOOE-01 *.vlOE-03* .4OOE-02

lOOE-09
:1om-09

. bO@Z-02 .zoOE-01  *.92OE-03* .4oOE-02

.bOLB-02 .zoOE-01 .VloE-03 *.41oE-02*
.lOcE-09 .60(3-02 .zom-01 .VlOE-03 *.39(E-02*
.lOOE-09 .bOoE-02 .ZOOR-01 .91CE-03 *.38(E-02*
1om-09
:1om-09

. bOU.S-02 . ZOOE-01 .PloE-03 *.37cE-02*

.bO(E-02 .zoOE-01 .91oE-03 *.3b(E-02*
.lOrE-09 .bOOE-02 .zoOR-01 .9lOE-03 *.35CE-02* .20OE+OO

.9om-03 .4OOE-02

.9ooE-03 .4OOE-02

.vooE-03 .4OCE-02

.9om-03 .4oOE-02

.vocE-03 .4OOE-02

.votE-03 .4OOE-02

--,“-“-,.-“-
-.-_

--..--I--mI_
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.ZOOEMI .3ooE+o9

.2OoE+ol .3ooE+o9

.2OoE+Ol .3ooE+o9

.2OOEffll .3OOE+o9
*.21oE+O1* .3ocE+o9
*.19mto1* .3ooE+o9
*.18oE+ol*  .3ooE+o9

.3OOE+ol

.3OCEffll
.lOoe-09 .601X-02
. IOLE-09 .bOcE-02

.2oOE-01

.2owz-01

.2OOE-01

.2oOE-01

.2OOE-01

.2ooE-01

.2oOE-01

.2ocE-01

.2om-01

.9lcE-03

.91m-03

.91cE-03

.91m-03

.9loE-03

.91cE-03

.91oE-03

.91oE-03

.91oE-03

.91OE-03

.910!3-03

.91m-03

.91m-03

.910E-03

.91oE-03

.910X-03

.91oE-03

.910E-03

.9lOE-03

.91m-03

.91oE-03

.91oE-03

.91cE-03

.91az-03

.91m-03

.91OE-03

.91oE-03

.91oE-03

.36CE-02

.361X-02

.36tE-02

.36OE-02

.36oE-02

.36(E-02

.36OE-02

*. 21OExIO*
*. 19OE+oo*
*. 18OE+oo*
*.17OEx)o*
. lSOE+OO
.18OE+OO
.18oE+oO

.18O!XtOO

.18OE+OO

.18OE+OO

.88656Z+oO .197624EtOO

.887634E+oO .19694%+00

.3OoEx)l .lOrn-09 .6OCE-02

.3OoE+Ol IOOE-09 .6OoE-02

.3OoE+Ol : IOOE-09 .6OOE-02

.887826E+OO

.887716E+00

.885678E+00

196939EMO
: 197224E+oO
.198952E+oO
.196368E+OO
.198926E+00

.196918E+00

.196688E+OO

.196888E+OO

.196044E+oO

.195954E+oO

.196137E+OO

.3OOE+Ol

.3OOE+Ol

.3OoEtOl

.3OOEWl
*.31OE+O1*

. lOGE-09 .6OOE-02

. lOoE-09 .6OOE-02

.lOrn-09 .60,X,-02

. lOcE-09 . bOfX,-02

. lOa?.-09 . bOGZ-02

. IOOE-09 . bOC%-02

. IOOE-09 .bOCE-02

.890521EKIO

.89299OE+oO

.889753+00

.8903798+00

.890194E+oO

.89077lE+OO

.890937E+OO

.891018EMO

.19oEffll

.19OEfflI

.19OE+ol

.:9oE+o1

*. 31oEto9*
*.29oEul9*
.3ooE+o9
.300!3+09
.300!3+09
.3ooE+o9
.3oowa9

*. 29oEiair
*.28oE+O1*
*.27m+o1*  .lOoz-09

*. lloE-09*
*.12OE-09*
*.13OE-09*

.28OE+oI
28cE+ol
:28oE~I
.28CFA+Ol
.280EMl
.28,X+01
.28rn+Ol
.28oE+Ol
28OE+OI

:28OE+ol
.2ROE+ol
.28oE+o1
.28OEM1
.28OE+Ol
.28@$+01
.28OE+Ol
.280Z:+o1
.28OE+ol
.28astol
.28OE+Ol
.28oE+O1
.28CPZ+Ol
.28Qz+ol
.28(E+Ol
.28cB:+ol

.2oOE-01

.zoOE-01

.zoOE-01

.2OOE-01

.200E-01

.zooE-01

.zoOE-01

.2ooE-01

.2om-01

.3bLF-02

.36,X-02

.36oE-02

.36,X-02 .18oE+oo
.19oE+ol
.19oE+Ol
.19oE+ol

.36oE-02 .18OE+OO

.3bOE-02 .18OE+OO

.3bOE-02 .18OE+!IO
3bCX-02

: 3boE-02
18OEfflO

: 18OE+OO
.3bOE-02 .18OE+OO

,60,X-02
bOoE-02
bOoE-02
bOoE-02

.890917E+00

.890897EfflO

.89087bEcoO

.195947E+00
19594lE+oo

: 19593bEMO
19oE+ol

: 19oE+OI
.3omto9
.3omHJ9

.19oE+ol

.19oEffll

.19oEu)l

.19oE+ol

.19oEWl
19oEto1

:19oE+o1

.3OOEto9

.3ooEffl9

.3ooEto9

.3oOEw9

.3OOE+o9

.3ooEw9

.3ooE+o9

.2OOE-01

.2oOE-01

.zooE-01
ZOOE-01
:2om-01
2OOE-01

*:21oe01*

l . 14OE-09* .6OCX-02
*. 15CB-09* . bOCE-02
*. lb@-09s .60,X-02
*.17(E-09* .600X-02
*. 18oE-09* . boa-02
l . 19CE-09* .bOCE-02

*. 61oE-02*
*. 59cE-02*
.6OoE-02

. Iem-09

.18OE-09

.18[E-09
18rn-09

: 1803-09
. Iem-09
. lam-09
.18cE-09
.18,X-09
.180?-09
18,X-09

: 18CE-09
.1*m-09
. Iem-09
.18(E-09
.1803-09
.L8(lE-09
.180X-09
.1802-09

.28rnffll
*. 290Ec0 1*
*.27CE+Ol*
*.ZboE+ol* .18a-09
.27,X+01 *.1903-09x
.27Q?ffll  *.17&-09*
.27CVTffll *.16,X-09*
.27CE+OI *.15C,z-09*
.27CEffll  *.14oE-09*
.27(E+ol  *.13m-09*

.6OOE-02

. bOoE-02

.6OcE-02

. bOoE-02

.6OtX-02

.bOOE-02

.bOoE-02

.60,X-02

. bOoE-02

. bOBZ-02

. boa-02

.60(1E-02

.6OCTZ-02

.60,X.-02

. bO(E-02
bOOi-
. bOoE-02
.6OIE-02
. boa-02
.bOcE-02
.6OoE-02
. bOIX-02
.6OOE-02

.890854EMO

.890833E+OO

.89081LEfOO

.890788E+OO

.890765EfflO

.89074Z+oO

.8908OOEWO

.195932E+oo

.195929E+OO

.195927E+OO

.19592bE+oO

.195925E+00
19592bE+oO

: 195954!?+00

.3b(E-02

.3bOE-02

.36&T-02

.18oE+oo
18m+oo
: 18OE+oO

.3bOE-02 .18OE+OO
36@?-02 .18OEWO
:36‘&02 .18OE+OO

z .19oEfflI
N .19OEtol

.19oE+ol
19OEtOl

:19oE+o1

.3ocE+o9

.3ooE+a9
.36oE-02
.3boE-02
.36,X-02
.3bOE-02
.3bOE-02
3b(E-02
:36'S02
.3bOE-02

*.37,X-02*
*.35oE-02'
.36oE-02
.3boE-02
.36(1E-02
.36,X-02
.360Z-02
3boE-02

:36,X-02
.36OE-02
36(1E-02

:36(E-02
.3boE-02
.36oE-02
.3boE-02
.36@-02
.36oE-02

180EH30
:18OE+OO
.18OEtOO

.890716E+OO

.89051LEfflO
195928E+OO

: 197027E+oo
.3ooE+o9
.3ooE+o9
.3ooEto9
.3omw9
.3ooE+o9
.3ooE+o9
.3ocE+o9
.3OOE+o9
.3olEto9
.3oGE+a9
.3om+o9

*. 19oE-01*
*.18OE-01*
*.17m-01*

,&*.lb(IE-01* .91O!s-03
.17CZ-01 *.92oE-03*
.17m-01 *. 93oE-03*

.92oE-03
92oE-03
:92oE-03
.92OE-03
.92oE-03
.92OE-03
.92oE-03
.92oE-03
.92oE-03

.890967E+00

.890984E+OO

.890564EfflO

.889909E+OO

.890564E+OO

.890564E+OO

.890556E+OO

.890532E+oO

.890332EfflO

.89049SE+OO

.888788E+OO

.89248LZ+OO

.889889E+OO

.195013E+oO
194428E+00

: 194404EMlo
.194778EMO
.194404E+oo
.194405E+OO
.194429EMO
.19441zEcoo
.194644EUlO
.194454E+oo

18O!J+OO
:18OE+OO
.18OE+oO
.186+00
.186-M0
.18oECOO
.18OE+OO

*. 19oE+oo*
*.17OE+Oo*

18OEtOO
:18OE+oO
.18OE+OO
.18OE+OO
.180,+00
.18OE+OO
.18oE+oo

.19oE+ol

.19oEiOl

.19oE+ol

.19m+o1

.19cEtOl

.19mto1

.19OEffll
*.2ooE+o,*
*.1amio1*

.17oE-01

.17oE-01

.L7rE-01

.17rE-01

.17@3-01

.17(E-01

.17(E-01
17OE-01
:I7a-o1
.17Q?.-01
.17as-01
.17E-01
.17CE-01
.17m-01
.17(E-01
.17a?.-01
.17OE-01

.196039E+00

.19544lEtoo

.195L13E+oO

.194528E+oo

.1947398+00

.194324EWO

.19455lE+Oo
194345E?40

: 19430P+00

.19oE+ol

.19cEtOl

.19fx.-KIl

.19oEffll
19oEfflI

:19oEu)1
.19oE+ol
.*9mto1
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Appendix I.--SEVEN-DAY MODEL STORAGES
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NET SUPPLY AND UPPER SOIL ZONE MOISTURE: SUBBASIN  4

UPPER  GRflPH REPRESENTS INVERTED NET SUPPLY
LOHER GRflPH REPRESENTSUPPCR  SOIL ZONE MOISTURE
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FIGURE 9.--Seven-day net supply rate to the mtershed and 7th day snowpack,
soil zones, groundwater, and surface storages for suhbasin  4 (cont.).
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NET SUPPLY AND UPPER SOIL ZONE MOISTURC: SUBBfiSIN  4

UPPER GRRPH  REPRESENTS INVERTED  NET SUPPLY
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FIGURE 9.--Seven-day  net supply mte to the watershed and 7th day enoupack,
soil zones, groundwater,  and surface storages for subbasin 4 (cont.).



NET SUPPLY AND LOWER SOIL ZONE MOISTURE: SUBBASIN  4
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FIGURE I).--Seven-day  net supply rate to the mtershed and 7th day snowpack,
soil zones, grouidwater, and surface storages for subbaszn 4 (cont.).
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NET SUPPLY AND LOWER SOIL ZONE: MOISTURE: SUBBASIN  4
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FIGURE 9.--Seven-day net supply rate to the watershed and 7th day snowpack,
soil zones, groundwater, and surface storages for subbasin 4 (cont.).
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NET SUPPLY AND GROUNDbWER  ZONE MOISTURE: SUBBASIN  4

UPPER  GRflPH REPRESENTS INVERT&O  NET SUPPLY
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FIGURE 9.--Seven-day net 6uppZy mte to the watershed and 7th day snowpack,
so<1 zones, groundwater,  and surface storages for subbasin 4 (cont.).
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FIGURE 9.--Seven-day net supply rate to the watershed and 7th ddy moqack,
soil zones, groundmter, and surface storages for subbasin 4 (cont.).
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NET SUPPLY AND SURFACE STORAGE: SUBBASIN 4

UPPER  GRflPH REPRESENTS INVERTED  NET SUPPLY
LOHER GRRPH  REPRESENT5 SURt-ACE  STORAGE
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FIGURE 9.--Seven-day  net supply rate to the watershed and 7th dq, mmpack,
soil zones, groundwater,  and surface storages for subbasin 4 (cont.).
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NET SUPPLY AN0 UPPER SOIL ZONE MOISTURE: SUBBASIN  6
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FIGURE IO.--seven-day  net supply mte to the mtershed and 7th day moupack,
soil zones, groundwater,  and sur.face storages for subbasin 6 (cont.).



NET SUPPLY AND LOWER SOIL ZONE MOISTURE: SUBBASIN  6

UPPER  GRRPH  REPRESENTS INVCRTEO NET SUPPLY
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FIGURE lo.--Seven-day  net supply mte to the mtershed and 7th day snowpack,
soil zones, groundwater,  and surface storages for subbasin 6 (cont.).
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NET SUPPLY AND LOWER SOIL ZONE MOISTURE: SUBBflSIN  6

UPPER  GRflPH REPRESENTS  INVERTEO  NET SUPPLY
LOHER GRRPH  REPRESENTSLOWER SOIL ZONE  MOISTURE PLOT 2
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FIGURE lO.--Seven-day net mpply mte to the titershed and 7th day snowpack,
soit zones, groundmter, and surface stomps for subbasin 6 (cont.).
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NET SUPPLY AND GROUNDWATER ZONE MOISTURE: SUBBASIN  6

UPPER  GRRPH  REPRESENTS INVERTED  NET SUPPLY
LOHER GRRPH  REPRESENTS GROUNDWRTCR  ZONE MOISTURE

PLOT 1

800
llv

540-

4ul- I.

z 4P -I

El3@Jz
0

g 24-

E
5 m-
-I
-I

z ta-

WEEKS

.~,___ ,,.“~ ,,- ..-. _.,_.__., .~.._),”  ._,_ I”~-_;._.~-.~~.~  ,... _,_.~^.-.~;_  . _. .” ,,-, ‘.~.x-i.,“,.,~.~.“.^^~l~~--  .,.,..- __.;-^_;  .,-.,, _,~ ..-.... _.._ _ --~.,_

FIGIJRE lo.--Seven-day  net supply mte to the mtershed and 7th day snowpack,
soil zones, groundtiter,  and surface storages for subbasin 6 (cont.).
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NET SUPPLY AND GROUNDWATER  ZONE MOISTURE: SUEBflSIN  6

UPPER  GRAPH  REPRESENTS INVERTED  NET SUPPLY
LOtiER GRflPH REPRESENT5 GROUNLWiTER  ZONE  MOISTURE
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FIGURE lO.--Seven-day  net supply mte to the watershed and 7th day snowpack,
soil  zones,  groundwater, and surface storages for subbasin 6 (cont.).
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NET SUPPLY AND SURFACE STORAGE: SUBBASIN 6

UPPER  GRRPH  REPRESENTS  INVERTCO NET SUPPLY
LOHER GRAPH  REPRESENTS  SURfACt STORAGE PLOT 2

HEEKS

FIGURE lO.--Seven-day net supply mte to the watershed and 7th day snowpack,
soil zones, groundwdter,  and surface storages for subbasin 6 (cont.).
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NET SUPPLY AND UPPER SOIL ZONE MOISTURE: SUBBASIN 10

UPPER  GRAPH  REPRESENTS INVCRTCD NCT  SUPPLY
LOWER  GRAPH  REPRESENTSUPPER  SOIL Z O N E  NOISTURE

PLOT  1

r*nn l-x-- rLlVylhnnn  c---- I-Ln- “--I - n-m
1971 I 1972 1973 s74 875

UEEKS

FIGURE Il.--Seven-day net supply rate to the watershed and 7th day snowpack,
soil zones, groundm.ter,  and surface storages for subbasin  10 (cont.).
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NET SUPPLY AND GROUNDWATER  ZONE MOISTURE: SUBBASIN  10

UPPER GRflPH REPRESENTS  [NVERTEO NET SUPPLY
LOHER  GRRPH  REPRESENTS  GROUNOUATER  ZONE  MOISTURE

PLOT I

UEEKS

FIGURE Il.--Seven-&y net supply mte to the watershed and 7th day snowpack,
coil zones, groundwzter, and surface stomges  for subbasin 10 (cont.).
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NET SUPPLY AN0 GROUNDWATER ZONE MOISTURE: SUBBASIN  10

UPPER  GRflPH REPRESENTS INVERTED  NET SUPPLY
LOHER GRRPH  REPRESENTS GROUNONATER  ZONE  tlOlSTURE

PLOT
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FIGURE Il.--Seven-day  net supply rate to the mtershed and 7th day moupack,
soil zones, groundwater,  and surface storages for subbasin 10 (cont.).



NET SUPPLY AND SURFACE STORAGE: SUBBASIN  10

UPPER  GRRPH  REPRESENTS  INVERTED  NET SUPPLY
LOWER GRRPH  REPRESENTS SURf-ACC STORAGE PLOT  1
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FIGURE Il.--Seven-day  net supply rate to the mtershed and 7th day snowpack,
soil zones, groundmter,  and surface storages for mbbasin 10 (cont.).



NET SUPPLY AN0 SURFACE STORAGE: SUBBASIN  10

UPPER GRRPH  REPRESENTS INVCRTEO NET SUPPLY
LOWER GRAPH  REPRESENTS SURFRCf  STORAGE

PLOT 2

500

tm
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0
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FIGURE Il.--Seven-day net supply mte to the mtershed and 7th day mowpack,
soil zones, groundwater,  and surface storages for subbasin 10 (cont.).
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NET SUPPLY AN0 SNOW WFITER: SUBBASIN 12

UPPER  GRRPH  REPRESENTS INVERTED  NET SUPPLY
LOWER GRRPH  REPRESENTS SNOW WATER

PLOT 2

WEEKS

FIGURE 12.--Seven-day net supply rate to the mztershed and 7th day snowpack,
soil zones, groundmter, and surface storages for subbasin 12 (cont.).



NET SUPPLY AND UPPER SOIL ZONE MOISTURE: SUBBASIN  12

UPPER  GRRPH  REPRESENTS  [NVERTCO NET SUPPLY
LOWER GRRPH  REPRESENTSUPPER  SOIL ZONE  NOlSTURE PLOT 1
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FIGURE 12.--Seven-day net supply rate to the wztershed and 7th day snowpack,
soil zones, groundtiter, and surface storages for subbasin 12 (cont.).
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NET SUPPLY AND LONER SOIL ZONE MOISTURE: SUBBASIN  12

UPPER  GRAPH  REPRESENTS  INVERTEO  NET SUPPLY
LOWER GRRPH  REPRESENTSLOWER SOIL ZONE MOISTURE

PLOT 2

4m-

2 2m-

E
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5 2m-

z

UEEKS

FIGURE 12.--Seven-day net supply rate to the watershed and 7th day snowpack,
soil zones, groundmter, and surface storages for suhhasin 12 (cont.).
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NET SUPPLY AND GROIJNONRTER  ZONE MOISTURE: SUBBASIN  12

UPPER  GRAPH  REPRESENTS  INVERTEO  NET SUPPLY
LOWER GRAPH  REPRESENTSGROUNOWATER  ZONE  HOISTURE
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FIGURE 12.--Seven-day net supply mte to the mtershed and 7th day snowpack,
soil  zones, groundwater, and surface storages for subbasin 12 (cat.).
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NET SUPPLY AN0 GROUNDWATER ZONE MOISTURE: SUBBASIN  12

UPPER  GRAPH  REPRESENTS  INVERTED  NET SUPPLY
LOWER GRRPH  REPRESENTS  GROUNOWATER  ZONE NOISTURE
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FIGURE I?..--Seven-day net supply rate to the watershed and 7th ddy snowpack,
soit zones, groundwater, and surface storages for subbasin 12 (cont.).



NET SUPPLY AN0 SURfACE STORAGE: SUBBASIN  12

UPPER  GRAPH  REPRESENTS  INVERTCO NET SUPPLY
LOWER  GRflPH REPRESENTSSURFACE  STORAGE

PLOT I

E 2m-
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FIGURE 12.--Seven-day net supply rate to the mtershed and 7th day movpack,
soil zones, groundwdter, and surface storages for subbasin 12 (cont.).



NET SUPPLY AND SURFACE STORAGE: SUBBRSIN 12

UPPER  GRAPH  REPRESENTS  INVERTEO  NET SUPPLY
LOWER GRAPH  REPRESENT5 SURFACE  STORFlGE

PLOT 2
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FIGURE 12.--Seven-day net supply mte to the wztershed and 7th day snowpack,
soil zones, groundwater, and surface storages for subbasin 22 (cont.).
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NET’ SUPPLY FlND UPPER SOIL ZONE MOISTURE: SUBBASIN  16

UPPER  GRRPH  REPRESENTS  INVERTED  NET SUPPLY
LOHER  GRAPH  REPRESENTS  UPPER  SOIL ZONE MOlSTURE

PLOT 2
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FIGURE 13.--Seven-day net supply rate to the mterehed and 7th day enowpack,
soil zones, groundwater, and surface storages for subbasin 16 (cont.).



v-l. .
E2u-l
E;IIw5N-
I

=
:

Q
f

w2-.I

9aI;225

z
R

--
t
p

2
%

I
-
:

wz
-
l

p
.

2E5%awz
&&ZeI
EE“(3EEI
!ks3-l

N
IW

B
 

341 
kl3hO

 
S

X
K

W
IlllU

G.$’
o*EF&2
-%2
sEtt .$
-,.zBa
-uz
2%?Cz?co
2

s
$$(0
$8zcPz
2%EB2

*
x
i3-8siii

32 dI. g
mw7-t
3 ‘C
=rm::rs

189



z.zE2
aw

g 
*- 5

3
252
a

5; 
2%

g 
i-swz-l

w 
-

i5
Ei::

N
%

-
I

Z
-
3

_
 

2
0

5
:

-
J

E
l

E
$

E
&

I

2
u

”
z

-
I

$
i&

z
Z
E

E
Z

P
y

 
c

1
(1

-I

ik
 

a
x

E
E

2
 

3
-
l

(
L
O

N
iSkJ8

 
3
H

i 
M

3hO
 
S

X
K

W
l~

llU

190

?lu -
$2E;82%xx .s
%Z62-322%?Zzw!i3$
$$10
sg$22;
3-32:f;
2 .
+I&z?”sh-2
-8siis>$ g! 8
C-TN
2 .z
SrnE



NET SUPPLY AND GROUNDWATER ZONE MOISTURE: SUB6ASIN 16

UPPER  GRFIPH  REPRESENTS  INVERTED  NET SUPPLY
LOHER GRflPH REPRESENTS  GROUNDMTCR  ZONE HOlSTURE

PLOT I
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HEEKS

FIGURE 13.--Seven-day  net supply mte to the mtershed and 7th day moqmck,
coil zones, groundmter, and surface storages for eubbasin 16 (cont.).
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NET SUPPLY AND GROUNDWATER  ZONE MOISTURE: SUBBASIN  16

UPPER  GRRPH  REPRESENTS INVERTED  NET SUPPLY
LOHER  GRAPH  REPRESENTSGROUNDURTER  ZONE MOISTURE
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FIGURE 13.--Seven-day  net supply mte to the watershed and 7th day snowpack,
soil zones, groundwater, and surface storages for subbasin 16 (cont.).
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NET SUPPLY AND SURFACE STORAGE: SUBBASIN 16

UPPER  GRRPH  REPRESENTS  INVERTED  NET SUPPLY
LOHER  GRAPH  REPRESENTSSURFACC  STORAGE
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0
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FIGURE 13.--Seven-day net supply rate to the watershed  and 7th day snowpack,
soil zones, groundnzter,  and surface storages for subbasin 16 (cont.).
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NET SUPPLY FlND SURF&X  STORAGE: SUBBASIN  16

UPPER  GRAPH REPRESENTS INVERTED  NET SUPPLY
LONER  GRWH REPRESENTSSURMCC  STORAGE
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FIGURE  13.--Seven-day net supply rate to the mztershed and 7th ddy snowpack,
soil zones, groundwater,  and surface storages for subbasin 16 (cont.).
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NET SUPPLY AND UPPER SOIL ZONE MOISTURE: SUBBRSIN 20

UPPER  GRRPH  REPRESENTS INVERTCD  NET SUPPLY
LOWER GRflPH REPRESENTSUPPER  SOIL ZONE  I’IOISTURE
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FIGURE 14.--Seven-day net supply mte to the watershed and 7th day snowpack,
soil zones, groundwater, and surface storages for subbasin 20 (cont.).



NET SUPPLY AND UPPER SOIL ZONE MOISTURE: SUBBASIN  20

UPPER  GRRPH  REPRESENTS  INVERTCO NET SUPPLY
LOWER GRflPH REPRESENTSUPPER  SOIL ZONE  MOISTURE PLOT 2
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FIGURE 14.--Seven-day  net supply rate to the mtersked and 7th day snowpack,
soil zones, groundwater, and surface storages for subbasin 20 (cont.).



NET SUPPLY AND LOWER SOIL ZONE MOISTURE: SUBBASIN  20

UPPER  GRFIPH  REPRESENTS  INVERTED  NCT SUPPLY
LOWER GRAPti REPRESENT5 LOWER SOIL ZONE  HOISTURE

PLOT 1

350

315
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UEEKS

FIGURE lh.--Seven-day  net supply rate to the titershed and 7th day snowpack,
soil zones, groundmter, and surface .storages for subbasin 20 (cont.).
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NET SUPPLY AND LOWER SOIL ZONE MOISTURE: SUBBRSIN 20

UPPER  GRRPH  REPRESENTS INVERTED  NET SUPPLY
LOWER GRAPH  REPRESENTS  LOWER SOIL ZONE  MOISTURE

PLOT 2

UEEKS

FIGURE 14.--Seven-day net supply rate to the watershed and 7th day snowpack,
soil zones, groundtiter, and surface storages for subbasin 20 (cont.).
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NET SUPPLY AND GROUNDWATER ZONE MOISTURE: SUBBASIN  20

UPPER  GRRPH  REPRESENTS  [NVERTED  NET SUPPLY
LOWER GRflPH REPRESENTS  GROUNDWfiTER  ZONE NOlSTURE
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FIGURE 14.--Seven-day net supply mte to the mtershed and 7th day rmovpack,
soil zones, groundmter, and surface storages for subbasin 20 (cont.).
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NET SUPPLY AND SURFACE STORRGE: SUBBASIN  20

UPPER  GRAPH  REPRESENTS  [NVERTEO NET SUPPLY
LOWER GRflPH REPRESENTSSURFACE  STORAGE
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FIGURE 14.--Seven-day  net supply rwte to the wltershed and 7th day snowpack,
goit zones, gromdmter, and surface storages for subbasin 20 feat.).
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Appendix J.--HYDROGRAPHS  FOR 7-d OUTFLOW VOLUMES
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7-DRY FLOWS FROM SUBBFISIN  6

SOLID  LINES REPRESENT  ACTUAL  FLOU
OOTTEO  LINES REPRESENTMODEL FLON
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PLOT 2

UECKS

FIGURE 20.--Hydrogmph of 7-d outflow Volumes for subbasin 6 (cont.).
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7-DAY FLOWS FROM SUBBASIN 7

SOLID  LINES REPRESENT  ACTURL  FLOU
DOTTED  LINES REPRESENTIOOEL  FLOW
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FIGURE 21.--Hydrograph of 7-d out.flow volymes for subbasin 7.
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7-DAY FLOWS FROM SUBBRSIN 13

SOLID LINES REPRESENT  ACTUAL  FLOW
DOTTED  LINES REPRESENT  MODEL FLOW PLOT 2

1x3-
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F;
= 102-
x

m e5-
IlJ

OJ 875 I 076 I 1577 I R70 I B79

WEEKS

FIGURE 25.--Hydrogmph  of 7-d mtflm volumes for subbasin 13 (cat.).
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7-DAY FLOWS FROM SUBBASIN  14

SOLID  LINES REPRESENT  ACTURL FLOW
DOTTEO LINES REPRESENT  tlOOEL FLOU PLOT 2

!J 875 I R76 I )977 I R78 I 1379

HEEKS

FIGURE 26.--Hydrograph  of 7-d outflow volumes for subbasin 14 (cat.).
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7-DAY FLOWS FROM SUBBF1SIN  15

SOLID LINES  REPRESEN?  ACTUAL  FLOW
DOTTEO  LINES REPRESENTUOOEL  rLOkl

:,9,11;: :.:. . . ::ii .~i<,..‘:.,
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v “...:. . . . .,.1 .?._ .._,.
197l  I I972 l973 I 1374 I 875

UEEKS

FIGURE 27.--Hydrograph  of 7-d outflow votmes for subbasin 15.
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7-DAY FLOWS FROM SUBBt?SIN  15

SOLID  LINES REPRESENT  ACTUAL I-LOW
OOTTEO LINES  REPRESENT  HOOCL FLOW

PLOT 2
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FIGURE 27.--Hydrogrulph  of 7-d outflow votume8  for 8ubba8in  15 (cat.).
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7-DAY FLOWS FROM SUBBASIN 21

SOLID LINES REPRESENT  ACTUAL  FLOW
OOTTEO  LINES REPRESENTMOOEL FLOW PLOT 2

1_:..” _,:. .:. . . .
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FIGURE 33.--Hydrograph  of 7-d outflow VO1WW8 for subbasin 21 (cont.).
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Appendix K.--ESP PROGRAMS (SWEEP m MLESP)
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K.l Instructions for ESP Programs

Appendices C and K-N illustrate the use of the Large Basin Runoff Model
for generating net basin supply forecasts. This appendix contains instruc-
tions on program u6e and requirements; it also contains source code listings
(ANSI Ver. X3.9-1966 FORTRAN) for two versions of the model. The first,
WATESP, uses daily meteorological data and the second, MLESP, uses monthly
meteorological data. They do not include interbasin diversions that do not
pass through gaged tributary streams included in the hydrometeorological  data
set . Appendix C contains example input files of daily and monthly hydro-
meteorological data (the files called DATA and MDATA, respectively). Appendix
L contains an example input file of monthly overlake  evaporation data (the
file called ZSEVAP). Appendix M contains an example input parameter file (the
file called PARME) for use with WATESP. Appendix N contains an example output
file (the file called STAT) resulting from the application of WATESP; it con-
tains an application summary and ordered net basin supplies for each n-month
period in the forecast.

K.l.l Comments on Source Code

No changes to the source code are required for application. In WATESP,
lines 00254-00268 describe dimension requirements for arrays defined in lines
00180-00200. In MLESP, lines 00300-00380 describe the requirements for arrays
in lines 00190-00210. If evapotranspiration  from the groundwater zone or
evaporation from surface storage is considered to be important, lines 00490
and 00500, respectively, may be changed in program WATESP, while lines 00650
and 00660, respectively, may be changed in program MLESP. Subroutine OUTFLOW
is identical to that in the calibration program (CALIB in appendix F), and is
omitted here for brevity. Subroutine LENGTH in WATESP is identical to that in
CALIB (appendix F). Subroutine LENGTH in MLESP is identical to that in MMCAL
(appendix F).

~.1.2 Modei using Daily Meteorological  Data (WATESP)

The program WATESP uses daily meteorological data; it allows only a l-d
mass-balance computation interval, so that the simulated basin runoff results
can be grouped into calendar months. Therefore, an optimum parameter set for
the l-d model is required. The need for l-day applications is limited and the
optimization can be expensive. The practical approach to obtaining a l-day
optimization is to optimize on a 7-day mass-balance and then use these opti-
mized parameters to complete the l-day optimization. The l-day and 7-day
optimized parameter sets are similar so that the total computation time is
significantly reduced.

The program WATESP requires three input files, one containing calibrated
parameter values and other application-specific information (the file called
PARME),  one containing daily meteorological data (the file called DATA), and
one containing monthly overlake  evaporation data (ZSEVAP).

248



K.1.2.1 Input Parameter File (PARMB). An example parameter file to be
used as input to the program WATESP is given in appendix M. The first line is
a header designating the specific lake and basin application, and is skipped
over by the program. The second and third lines are the watershed and lake
areas, respectively, in square meters. Lines 4 and 5 indicate the beginning
and ending dates (DDMMYYYY), respectively, of the period for which a forecast
is desired. Lines 6 and 7 indicate the first and last dates (DDMMYYYY),
respectively, of that portion of the meteorological data set to be used in the
forecast generation. Lines 8 and 9 indicate the first and last dates
(MMYYYY),  respectively, of that portion of the overlake  evaporation data set
to be used in the forecast generation. Lines lo-18 provide the optimum para-
meter set, determined for the l-d model, in this order: Tb, a, aper,  Be”,
“intr “dp, Be13 “gwp osf* Lines 19-23 represent the conditions on the first
date of the forecast period for water stored in the snowpack, upper soil zone,
lower soil zone, groundwater zone, and surface storage, respectively, in
millimeters over the basin. The initial conditions are determined indepen-
dently of the model or by using the model in a simulation mode up to the first
date of the forecast period. For example, the initial condition for snowpack
water storage was determined by the 1982-83 Airborne Gamma Snow Survey Study
(Gauthier ET aw-, 1 9 8 3 ) . Initial conditions for the remaining storages were
derived by simulation with the l-d model from December 1, 1969, to March 15,
1983. (Data after December 31, 1978, are based on a reduced meteorological
network.) On the last line the unit and proportionality constant for the heat
available for evapotranspiration  (determined from the long-term heat balance)
derived by executing the model (WATERS) over the period for which the optimum
parameter values were calibrated; see appendix E. (WATESP requires t h e
constant from the l-d model, but it is similar to that in appendix E from the
7-d model.)

K.1.2.2 Input Meteorological Data File (DATA). DATA is a file identical
to that described in appendices B and P, and is listed in appendix C. In this
example, a data set covering January 1, 1949, to December 31, 1978, was used;
for the period December 1, 1969, to December 31, 1978, it is identical to the
data file presented in appendix C. Observed flows contained in DATA are not
required for forecasting applications, but their presence will not affect the
results.

~.1.2.3  I n p u t  Evaporation  mile (zSEVAP). ZSEVAP is a file of monthly
overlake  evaporation or condensation for the lake under study. Values are
given in tenihs of millimeters and should cover at least the data set length
being used in the calculations. ZSEVAP is given in appendix L.

K.1.2.4 Output Order Statistics File (STAT). Appendix N contains the
output file (STAT) resulting from the application of WATESP described herein.
A discussion of the output format is given on the first page of the output.
To check the procedures described in this section by recreating the output
file, STAT, it is possible to take WATESP, PARME, DATA, and ZSEVAP as des-
cribed in this report and make an execution. The only change needed is to
modify line 6 in PARME (the starting date of the applicable portion of the
meteorological data set) from 01011949 to 01121969. Results will only be out-
put for 1970-78. However, these results should have the same magnitudes of
evaporation, runoff, precipitation, and net basin supply as the corresponding
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year indicated in the output of this example. The relative rankings should
also be unchanged.

K.1.3 Model Using Monthly Meteorological Data (MLESP)

The ESP program, MLESP, is also presented in this appendix; it uses
monthly meteorological data; the mass-balance interval automatically varies
between 28 and 31 days, depending on the month and year. MLESP requires three
input f i les , one containing calibrated parameter values and other application-
specific information (the file called MPABME), one containing monthly meteoro-
logical data (the file called MDATA), and one containing monthly overlake
evaporation data (the file called ZSEVAP). The ESP procedure using monthly
meteorological data is not illustrated herein. MPARME is different from PARME
in only one respect: the dates specified in lines 4-7 have the format MMYYYY.
MDATA is identical to that described in appendices B and F and is listed in
appendix C. Observed flows contained in MDATA are not required for fore-
casting applications, but their presence will not affect the results.
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00100
0011oc
OOllst
00120
00130
00140
00150
00160
00170
00180
00190
00200
00205
00210
00220
00225

K.2 Source Code for ESP Program Using Daily Data (WATESP)

PROGRAM WATESP(DATA,TAPE5=MTA.OUTPUT.TAPE6-OUTPUT.
STAT,TAPE7=STAT,ZSEYAP,TAPE9=ZSEVAP,
PARNB,TAPEL=PAR"E)

IMPLICIT REAL (A-H,&,?)
CCHEDN/VAROF/USZM,LSZM,GZM,SS,EVAP.BPLSE,USZNAVG.LSZEULVG
CMllDN/PAROF,"SZC,ALPPER,ALP"EV,ALPINT.ALPDPI(,ALPLRV
CMM,N/PAROFZ/ALPW,ALPGEV,ALPSP.ALPSN
CCMK)N/INDICAT,DAY,EPSILON,DPSILON,GPSILON
CCMMN/VAROF2/"RUN,"INT,VPER,VCW,,WN,"LN
DMENSION DATA(3,10957),IDATA(10957),ESPDATA(30,4,210)
DIMENSION LSVAP(S0,12),IORDER(6,30)
DIMENSION IYEAR(30),INAHE(S)
DMENSION PAF."(9),CINIT(5),IMON(lZ)
DIMENSION IERR(6)
DATA IERR/6*0/
DATA IMON/31,2S,31,30,31,30,31.31,30,31,30,31/

~__

0024CCC***** WOGRA" FOR E. S. P. FORECAST OF DAILY RUNOPP VOLIMES
0025oCC*****
OOZSZC*****
00254CC NOTE -- ARRAYS SHOULD SE DIMENSIONED AS FOLLWS:
00256cc DATA(3,NMBER OF DAYS IN DATA SET)
00258CC
00260X

IDATA(NWBER OF DAYS IN DATA SET)
ESPDATA(NIPIBER  OF YEARS IN DATA SET.4.

00262cC NUMBER OF DAYS IN FORECAST bEiIOD)
00264cC
00266cC

LSVAPWST  YEAR OF NAPORATION DATA-1899,lZ)

00267CC
IORDER(NUMBER  OF MDNTES IN PORSCAST  PERIOD,

NUMBER OF YFARB IN DATA SET,
00268cC
00269cC*****

IYEAR(N"NBER OF YEARS IN DATA SET)

0027(cC
0028cCC
0029ccc
003O~C
00302cc
00304cc
00306Cc
00308cc
0031cCc
00312CC
00314Cc
00320X
0033occ
0034fxc
0035ax

AREA = WATERSHED AREA, SQ. n.
FLCW - ACTUAL BASIN OUTFLW VOLULE, CUB. n.
ID = CALENDAR DAY OF THE YEAR
IDATE - START DATE FOR ESP FORECAST (DMM)
IFDDS = FIRST DATE OF DATA SET (DIMMYYYY)
IFDEV = FIRST DATE OF EVAPORATION DATA (MWYYY)
IFDFP = FIRST DATE OF FORSCAST PERIOD (DII(MYYYY)
ILDDS = LAST DATE OF DATA SET (DmMYYYY)
ILDN = LAST DATE OF EVAPORATION DATA ("MYYYY)
ILDFP = LAST DATE OF FORECAST PERIOD (DMWWY)
ILNGTH = LENGTH OF DSP FORECAST, DAYS
M = CALENDAR MONTH OF THE YEAR
INDPGOD-  NUMBER OF DAYS PER GROUP OF DAYS, DAYS
INODAYS-  N"MBER OF DAYS TO BE CONSIDERED IN DATA SET, DAYS
IY -CALENDARYEAR

0036CCC PRECIP = PERIOD PRECIPITATION VOLIME (LIQ"ID SQUIVALWT),  CUB. ".
0037ccc SNW = SNWPACS  MLME (LIQUID EQUIVALENT), CUB. H.
003ScCC TA = AVERAGE  DAILY AIR TEMPERATURE, DEC. C.
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0039ax lnAx - NAXIMON DAILY AIR TE.lPER*ToRE,  DEG. c.
0040ccc RIIN - HINIMDN DAILY AIR TbXPESATDRE, DEG. C.
00410Cc*****
0042CCc*****
0043CCc*****  INPUT CONSTANTS
0044ccc*****
004502c NOTE -- SYSTPl SPECIFIC WOCEDUBE  SUPPLIES ZERO
00452cc WHEN EXPONENTIAL "tmERFLa4 OCCURS
00454cc*****
00456 CALL SYST~C(Il5,IERR)
0045Fcc*****
00460
00470
00480
00490
00500
00502
00504
00506
00508
00510
00512
00514
00516
00518
00522
00524
00526
00528
00530
00532
00534
00536
00538
00540
00542
00544
00545
005464

EPSILON-I.E-7
DPSILON-1.E-200
GPSILON-1.E-3
ALPGEV-0  .
ALPSEV-0.
REWIND 4
REm(4.1000)
READ(4,559)AREA
REAi3(4,559)LAREA
READ(4,560)IFDFP
READ(4,560)ILDFP
CALL LENGTH(IFDFP,ILDFP.ILNGTH)
REAo(4,560)IPDDS
READ(4,560)ILDDS
READ(4,560)IFDEV
READ(4,560)ILDEV
DO 36 I-l.9

36 READ(4,55i)PARM(I)
DO 37 I-1,5

37 READ(4,558)CINIT(I)
READ(4,559)CONS
IDATE-IFOFP/lOOOO

557 FORMAT(E10.3EZ)
558 FOSMAT(F10.2,
559 FOR"ATiE13.6kZ)
560 FORHAT(I8)

IF(IFDFP.LT.lOOOOOO.OR.ILDFP.LT.1OOOOOO
.OR.IFDDS.LT.1000000.OR.ILDDS.LT.lOOOOOO

00547+ .OR.IFDEV.GT.999999.0B.ILDEV.GT.999999)  CALL "DEW,(l)
0055occ*****
0056oCC*****  SWINIT - VALUE OF SW ON IMTF.
0057CCc*****
00580 SWINIT- CINIT(I)*AREA/lOOO.
00590 "SZINIT- CINIT(Z)*AREA,1000.
00600 LSZINIT- CINIT(3)*ASEA/lOOO.
00610 GZMINIT- CINIT14)*AREA/lOOO.
00620 SSINIT = CINITi5j*AREA;lOOO.
00640 INDPGOD- 1
00650 DAY-FLOATWDPGOD)
0066ccC*****
0067cCC*****  INWI MONTHLY LAKE EVAPORATION
0067ZC*****
00674 REWIND 9
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00676
00678
00680
00682
00684
00685
00686
00687
00688
00689
00690
00691
00692
00693
00694
00695
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
OOSlO
00820
00830
00840
00850
00860
00870

00881
00882
00883
00884
00885
00886
00887
00888
00889
00890
00891
00892
00893
00894
00895
00896
00897
00898
00900

IF(IlMFP.EQ.O)IIWFP.l2
IlMEV-ILDEV/lOOOO
ILYEV-ILDEv-(ILDEv/10000)*10000
IF(IlHFP.GT.IUW,)ILYEV-ILYEV-1

555 READ(9,1120) IEVAPW
1120 FOP.MAT(9X,I4)

IF(IEVAPW.LT.IFYEV)GOTO  555
BACKSPACE 9
DO 500 I-IFYEV,ILYEV
I277I-1899

500 READ(9,1030) (LSVAP(IZZ,IJ),IJ-1.12)
1030 FOFW.T(ZOX,12F5.0)

REWIND 9
DO 501 I..IFYEV.ILYEV~~~~~~
Izz-I-1899
DO 501 IJ=1.12

501 LEVAP(IZZ,IJ)-LEVAP(IZZ,IJ)/~OOOO.
"SZC=AREA*O.OZ
TSASE - PA&,(l)
ALBEDS - PAIN(Z)
ALPPER - PAR"(3)
ALPOW = PARM(4)
ALPINT - PAM(S)
ALPDA( - PAR"i6j
ALPLW - PARM(7)
ALPdJ = PAR&f(B)
ALPSF = PARMiSj
CALL LENGTH(01010001,IFDDS,IZZ)
CALL ~ENGTH(01010001.(1FDFP/10000)*10000+1FYEV.1J)
IP(IZZ.LT.IJ)IFDDS=(~~DFP/1b000)*ioooO+IFYEV
CALL LENGTH(01010001,ILDDS,IZZ)
CALL LENGTH(01010001,(1LDFP/10000)*10000+1LY~V,1J)
IF(IZZ.GT.IJ)ILDDS-(1LDFP/10000)*10000+1~Y~~
IWFDDS=(IFDDS/10000-(IFDDS/1000000)*100)*1OMIFDDS
INvLDDS=(ILDDS/lOOOO-(ILDDS/lOOOOOO)*100)*IO(HILDDS
IFYDS-IFDDS-(IFDDS/lOOOO)*lOOOO
ILYDS-ILDDS-(ILDDS/10000)*10000
IP(IPMFP*lOO+IFDFP/1000000.LT.IWDDS)IFYDS-IFYDS+1
IF(IIMFP*10O+ILDFP/1000000.GT.INVLDDS)ILYDS=ILYDS-l
IFDDS=(IFDFP/10000)*1000O+IFYDS
ILDDS-(ILDFP/10000j*1000C+ILYDS
CALL LENGT"(OlOlOOOl,IFDDS,IZZ)
CALL LENGT"(OlOlOOOl~ILDDS,IJ)
IF(IJ-IZZ+l.LT.ILNGTH)CALL  MDERR(2,
CALL LENGTH(IFDDS,ILDk,INODAYS)
REWIND 5

:oooooo
.oooooo
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00910 REAo(5.1000) I-
00920 REm(5,1000)
00930 READ(5.1000)
00940 ReAD(5,looo)
;;'3;; 1000 15 PORMAT(SAl0)

READ(5.1010) ID,M,IY
00954 IF(ID*lOOOOOO+M*1000O+IY.NE.IFDDS)GO?V 15
00956 BACKSPACE 5
00960 RR~(5.1010) ID. M. IY, WIN. TWX, PRECIP
00970 BAcKsPACE 5
0098ax*****
00990x+**** DAILY LOOP -DATA WEPARATION  (REGINNING)
0100azC*****
01010 DO 300 I-1,INODAYS
0102ccC*****
0103ax***** INPUT AND FILL IN DAILY DATA
m~C*****

REM(S,lOlO) ID, M, IY, NTMIN, NIXAX, WWECIP
01060 1010 F0RMT(1X,13,13,15,5X,2F10.2,2F20.0)
01070 IF(NMIN.GT.N%AX.OR.N1WIN.LT.-9OO..OR.NTMAX.LT.-9OO.) GO'IY, 920
OlOSO GOT0 921
01090 920 NIMIN-TMN
01100 NIblAX-IUAX
01110 921 THIN-NMIN
01120 RUX-N'lMAX
01130 IF(NPRECIP.LT.-900.)  NPRECIP-PRECIP
01140 PREC1P-NmECIP
01150 DATA(l,I)-PRECIP
01160 DATA(Z,I)-IMAX
01170 DATA(3.1)~MIN
01180 300 IDATA(ID*l00000O+lM*1000O+IIY
01190 I-l
01200 IESPd
01210 400 ID-IDATA(
01220 IF(ID.EQ.IDATE)GO'DJ 401
01230 402 I-1+1
01240 IF(I.GT.INODAYS)GOTO  403
01250 GOT0 400
0126CCC*****
0127CCC***** CONVERT TO GROUPS OF DAYS INPDTS
01280CC*****
01290 401 SW-SWINIT
01300 NS-O.
01310 HPLSE-O.
01320 P-3.
01330 II-I
01340 1114
01350 DO 404 IZ-l.ILNGTH

.01360 Izz-I-l+12
01370 IF(IZZ.GT.INODAYS)GOTO 404
01380 PRECIP-DATA(l.IF.2)
01390 RIAX-DATA(2.122)
01400 IMIN-DATAO,IZZ)
01410CC**++*

254



0142fXC***** "EAT BALANCE
0143occ*****
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600

i%::
01630
0'1640
01650
01660
01670
01680
01690
01700
01710
01720

TA-(TMIN+RLAX)/Z.
MELT-3.
IFfTA.LE.O.IGO'IO 903
IF(SW.LT.l;)GOM 904
IF(T"IN.LT.O.)GOTO  950
DD-TA
GOT0 951

950 DD+,AX**Z/(RUX-TMIN)/2.
951MELT-ALBEDS*DD

IF(MELT.GT.SW)  MELT-SW
904 SW-SKW-MF.LT

NS=NS+PRECIP+MELT
GOT0 905

903 SW=SW+PRECIP
NS-NS+O.

905 HPLSE-HPLSE+EXP(TA/TBASE)/(596.-.52*TA)/1000OOO.*CONS
P-P+PRECIP
II-II+,
IF(II.NE.INDPGOD)GOTO  404
III-111+1
ESPDATA(IESP+l,l,III)-NS
ESPDATA(IESP+l.Z.III)-RPLSE
ESPDATA(IESP+I,3.111)-P
NS-O.
"PLSE-3.
P-O.
114

404 CONTINUE
IF(III.EQ.ILNGT"/INDPGOD)  IESP-IESP+l
GOT0 40201730

01740 403 III-ILNGTHIINDPGOD
0176oCC*****
0177c,x*****  DAILY LOOP -DATA PREPARATION (END)
0178ccc*****
0179lxC*****
OlSO@zC*****  SMULATE (IESP RUNS)
01810CC*****
01820 DO 100 IZ-1,IESP
0183WC*****
0184Ccc***** INPUT INITIAL VAR1AH.E VALUES
OlESmC*****
01860 USZM-USZINIT
01870 LSZM-LSZINIT
01880 GZM-GZNINIT
01890 SS-SSINIT
01900CC*****
01910Cc***** INDPGOD-DAY LOOP (BEGINNING)
0192mc*****
01930 DO 100 I-I,111
0194occ*****
0195ax***** INPLR' PaSPARED DATA
0196CCC*****
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01970 NS - ESPDATA(Iz,l,I)
01980 HPLSE
0199ccc*****

- ESPDATA(IZ.2.1)

0200occ*****
02010CC*****

"ASS BALANCE

02020 CALL OUTPLW(NS)
02030X*****
02040 ESPMTA(IZ,Z,I)-NS
02050 100 CONTINUE
0206oCC*****
02070CC***** INDPGOD-DAY LOOP (END)
0208ox*****
0209ax*****
0210occ*****
OZlloCC***** END OF SIMULATIONS
0212ax*****
02130CC*****
0214oCC*****  AC0JMUlATE  OVER HONTRS (ASSl"RS INDPGOD - 1)
0215%C*****
02160
02170
02180
02190
02200
02210
02220
02230
02240
02250
02260
02270
02280
02290
02295
02300
02310
02320
02330
02340
02350
02360
02370
02380
02390
02400
02410
02420
02430
02440
02450
02460
02470
02480
02490

I-1
DO 960 IZ-l.IESP
X-O
IILJ--1

961 ID-IDATA(I)/lOOOO
IF(ID.EQ.IDATE)GOTO 962
I-1+1
GOM 961

962 IS-1
U-IS-1

963 IJ-I.J+,
IIIJ-111.I+1
IFUII.J.GT.III)GOTO 960
ID-IDATA(IJ)/lOOOO
IFPIDATA(IJ).EQ.ILDDS) GOT0 967
IF(ID/100.NE.1)GO~  963
1.J-LJ-1

968 IF(IK.EQ.O)GOIU  964
SUM.?-0.
sm3-0.
DO 965 II-IS,IJ
SUHZ-SUHZ+RSPDATA~IZ.Z.II-I+,)

965 SOM3-S""3+ESPOATA(IZ;3;II-I+lj
ESPDATA(IZ,Z,IK)-SMZ,LAREA*lOOO.
ESPDATA(IZ,3.IK)-SUH3/AREA*1000.
IZZ-IDATA
IY-Izz-aZz/i0000~*10000
Izz-1zz/10000
M-IZZ-aZZ/100)*100
ESPMTA(IZ,~,IK~-LRVAP(IY-~S~~,M)*~~~~.
RSPDATAUZ,4,IK)-(IY-(IY/100)*100)+0.5

964 IS-U+,
U-IS
IK-IK+l
GOT0 963
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02500 960 I-I+1
02510 III-IK-I
02512 GOT0 969
02514 967 IMON(Z)-28
02516 ~(INT((FLOAT(IDATA(IJ))+.5)/4.)*4.EQ.IDATA(IJ))IEION(2)-29
02518 IF(ID/lOO.EQ.IMON(ID-(ID/100)*1OO))GOTO  968
02519 GOT0 960
02520CC*****
0253CCC*****  END OF ACC"""LATIONS OVER PDNTWS (UNITS ARE MM OVER LAKE)
0254oCC*****
02550X*****
02560X*****  STATISTICAL SuELEv\RY (QUANTILE ESTlMATION FOR EACH PERIOD)
02571XC*****
02580X*****
0259ax***** ACCUMULATE  OVER PORECAST  HORIZON
0260CCC*****
02610 969 DO 762 IZ-1,IESP
02620 SLR-l=-O.
02630 IYEAR(ESPDATA(IZ.4.1)
02640 DO 762 I-l,111
02650 SO"-SU"+RSPDATA(IZ,2~I)+ESPDATA(IZ.3,I)-ESPDATA(IZ,l,I)
02660 762 ESPDATA(IZ,4,1)-S"M
0267oCC*****
0268aC***** ORDER STATISTICS FOR EACR PERIOD OF FORECAST "ORTZON
02690X*****
02700 DO 750 I-1,111
02710 DO 753 IJ-1,IESP
02720 753 IORDER(I,IJ)-IJ
02730CC*****
0274OCC***** BUBBLE  SORT FOR ONE PERIOD
0275cCC*****
02755
02760
02770
02780
02790
02800
02810
02820
02830
02840
02850
02860
02870
02880
02890

IF(IESP.EQ.1) GOT0 750
IESPMl-IESP-I
DO 751 IJ-1,IESPMl
MIN-ESPDATA(IJ.4.1)
IHIN-IJ
IJPl-IJ+I
DO 752 IK-IJPl,IESP
IF(ESPDATA(IK,4,I).GE.TMIN)GOTC  752
IMIN=ESPDATA(IK,4,1)
IMIN-IK

752 CONTINUE
ESPDATA(MIN,4,1)-ESPDATA(IJ,4,1)
ESPDATA(IJ,4,1)-TMIN
IK-IORDER(I,IMIN)
IORDER(I.MIN)-IORDER(1.U)

02900 751 IORDER(I;IJ)-iK
02910 750 CONTINUE
0292occ****”
0293occ***** RESTORE N.B.S. ARRAY (NON-COMLUTIVE)
0294rcc*****
02950 DO 763 IZ-l.IESP
02960 DO 763 I-l,111
02970 763 ESPDATA(IZ,4,I)-ESPDATA(IZ,2,I)+ESPDATA(IZ,3,I)-ESPMTA(IZ~1,I)
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0298EC*****
029902c***** SIRMARY OUTPrn
0300ccc*****
03010 RE!aINo 7
03020 WRITE(7.1060) I-
03030 ~~~~POREIAT(~H~,~MRXTERD STP.RAMBL(Y  =&DICTION FOR ,8AlO)
03040 WRITE(7,1070) TBASE,ALBEDS,ALPWR,ALPUEV,ALPINT,ALPDIB,ALPL~'.
0305C+ ALP~,ALPGEV,ALPSP,ALPSEV,CONS.USZC.ABEA.IABEA
03060 1070 PORMATf/.lX.lSRPARAWlTER  SWlurnr:,/,
0307Ot
03OSC+
0309oc
031oOt
0311Ot
0312Ot
0313Ot
0314Ot
0315w
03160+
0317oc
0318Ot
0319ot
032OoC
03210+
03220
03230
03240
03250
03260
03270
03280
03290
03300
03310
03320
03330
03340
03350
03360
03370
033*0

. . I

6X,17HTBASE (C)
6X,lMALBEDS (M3/DD)
6X,lAALPPBR (D-l)
6X.lTHALPDEV  (M-3)
6X;17IiALPINT (D-l)
6X,lMALPDPR (D-l)
6X,I7HALPLW (M-3)
6X,lMALPW (D-l)
6X.lMALPGEV M-3)
6x;I&wSF (d-l,
6X.I7"ALPSBV (M-3)
6X;lMCONS (CAL)
6X,lMUSZC 043)
6XJ7HAREA ("2)
6X.lMLAKF AREA [HZ)

- ,E13.6RZ.f,
- ,E13.6RZ,l,
- ,E13.6R2./,
- .E13.6RZ,/,
- J13.6R2.1,
- ,E13.6E2,1.
- Jll3.6EZ.I.
- ,El3.6EZ,l,
- ,El3.6EZ,I,
- ,E13.6R2,/,
- ,El3.6E2,/,
- ,E13.6R2.1.
- .E13.6RZ.l.
- ,E13.6E2,/.
- .E13.6RZ.l./)

ID-IDATEilOO
IM-IDATE-ID*100
ISTART-IM
IF(ID.NE.I)ISTART-M+l
IF(ISTART.EQ.l3)ISTART-1
ILNGTH-ILNGTHIINDPGOD
IF(ISTART.EQ.l)IMO-7"JANUARY
IF(ISTART.EQ.2)IMO-8HFKBRUARY
IF(ISTART.EO.3)M0-5HHARCB
IF(ISTART.E&4jIMO-SHAPRIL
IF(ISTART.EQ.S)IMO-3AMAY
IF(ISTART.EQ.6)Ii-f04HJDNE
IP(ISTART.EQ.7)IHO4R.JULY
IF(ISTART.EQ.S)IMO-6RWGUST
IF(ISTART.EQ.9)IMO-IMSEPTMBER
IF(ISTART.EQ.lO)IMO-7ROCTOBER
IF(ISTART.EQ.ll)MO-EHNOVXMBER

03390 IP(ISTART.EQ.lZ)MO-mDECFHBER
03400 WRITE(7,lOEO) ID.M,INDPGOD,ILNGTH,MO
03410 IOSO FOR"AT(lX,20HSTARTING  DATE: DAY .IZ,l@l OP EDNnl ,12,1,
0342Ot lX,Zl"SMULATION LENGTH IN ,IZ,l%i-DAY  PERIODS - ,15,/,
03430+ lX.35"FIRST  WNM OF OUTPUT STATISTICS - ,AlO,//)
03440 WRITE(7,1090) INODAYS,INoPGDD
03450 1090 FOP."AT(iK,ZalDATA SET LENGTH (D) - ,IlO,/,
0346Ot lX,4O"MASS BALANCE COMPUTATION INTERVAL (D) - ,12,/h
03470 SN,,INIT-StWINIT/AREA*lOOO.
03480 DSZINIT-USZ~NIT/AREA*lOOO.
03490 LSZINIT-LSZINIT/AREA*lOOO.
03500 GZMINIT~ZEIINIT/AREA*lOOO.
03510 SSINIT - SSINIT/AREA*lOOO.
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03520 WRITE(7.1100) SNIINIT.USZINIT.LSZINIT.GZMINIT.SSINIT
03530 1100 FOP&,T(lX,3alINITIAL  VALUES ON STARTING DATE:,,.
03540+ 6X.l~SW @fM) - ,P6.1.,.
0355Ot 6X,l2HUSZH (MM) - ,F6.1./.
0356oC 6X,12HLSZH @Bf) - ,F6.1,,,
03570+ ~X,IZHGZM (km) - ,F6.1.,,
03580+ 6X,lMSS (MM) - ,F6.1,//)
03590 WRITE(7.1110)
03600 1110 FOR&(;,
03610+,.1X,6%t40NTHLY LAKE EVAPORATION IS TAKEN PR@f W.RVIOUS LAKE EVAPORATION ,
0362C+ 691ST"DIES  BY QUINN AND RBPP.ESENTS  AERODYNAMIC !!QW.TION APPLICATIONS,
0363O+,,lX,6WM  HDNMLY DATA.
03640+/,1X,691
0365Dt,,lX,6%DAILY PaECIPITATION AND "AXIMUn AND MNMUH TMPERATURES  CAME FRO,
0366Ot 6%M 54 METEOROLOGICAL STATIONS ABOUT THE LAKE SUPERIOR BASIN, AFTER,
0367Ot/.lX.6RICROLBY. THE DATA SET IS AVAILABLE ON THE GLERL COEIPUTER.
0368aC;;lX;691
0369O+,,lX,65HT"E  FOLLWING  OUTPUT STATISTICS ARE WESENTRD  FOR SUCCESSIVELY LO,
03700-b 65HNGER FORECAST PERIODS. THE FIRST PAGE IS FOR THE FIRST M)NT" OF ,
0371O+,,lX,6PlTHE  FORECAST PERIOD. THE SECOND PAGE IS FOR THE FIRST ZWO EDNMS,
03720+ 6% OF THE FORECAST PERIOD. THE THIRD PAGE IS FOR THE FIRST THREE ,
0373O+,,lX,69IMONTHS OF THE FORECAST PERIOD, ETC. THE HISTORICAL METEOROLOGICA,
03740-k 691L DATA IS USED TO CCMPUTE RUNOFF FOR EACH YEAR (PORTION OF WHICH ,
0375O+,,lX,6%HATCHES  THE FORECAST PERIOD); THE RUNOFF AND PRECIPITATION ARE SU,
03760+ 6%,"HED  OVER EACH M,NTS AND CCMBINRD WIT" HINTSLY  EVAPORATION TO )
03770 WRITE(7,llll)
03780 1111 FORlUT(
03790+ lX,6P1CCMP"TE  NET BASIN SUPPLY. THE NET BASIN-SUPPLY IS AC‘IMULATED OV,
038OoC 691ER THE FIRST N N)NTHS, FOR PAGE N, AND THE YEARS OF RECORD ARE ,
0381Ot,,lX,691SORTED  BASED ON THE ACCUMULATED NET BASIN SUPPLY FOR THE N-MONM ,
03820+ 691PERIOD FRM SMALLEST TO LARGEST. THE ORDER STATISTICS ARE THUS ,
~;~W&,,lX,6SROBTAINED  BASED UPON THE N-MONM ACaMUUTED NET BASIN SUPPLY FOR ,

6%THE FIRST N MONTHS. THE AC0J""UTED NET BASIN SUPPLY IS NOT ,
0385O+,,lX,691PRINTED  OUT, BUT THE LAKE EVAPORATION, RUNOFF, PRECIPITATION, AND,
03860+ 6% NET BASIN SUPPLY FOR EACH K)NTS ARE PRINTED IN UNITS OF HILLI- ,
0387O+,,lK,691METBRS  OVER THE LAKE SURFACE. QUANTILE PROBABILITIES ARE GIVEN 8,
03880+ 641Y THE ORDER NUMBER (NO) DIVIDED BY THE NUHBER OF YEARS USED IN ,
;;,;;,,lX,6%THE  PROCRD"RK  (LARGEST NO). THESE P80SARILITIES  RePRESENT THE NO,

6%N-EXCEEDANCE FROBASILITIES  AND THEIR CCMPLMENTS  REPRESENT THE
0391O+,,lK,691FXCEEDANCE  PROBABILITIES. i
03920 DO 754 I-1.111
03930 WRITE(7.1020) I
03940 1020 FORMAT(1H1.5"FIRST,I2,lM  OJHOLE) nONTH(S),,,,6K,
0395oe 6(1X.Z0H(EVAP.) (RUN- fA(E-)./.lX.nlNO  YR.
0396Ot 6iZX;l9"iNRS) OFF) cIP.))j.
03970 DO 754 IZ-1,IESP
03980 IJ-IORDER(I,IZ)
03990 WRITE(7.1050) IZ,IYEAR(IJ).((ESPDATA(IJ,IK,IL),IK-1,3),IL-1,I)
04000 1050 FORP(AT(lX.12.13.1SF7.1)
04010 754 WRITE(7,1640j (iSPDATA(IJ,4,IL),IL-1.1)
04020 1040 FOR"AT(6X,F7.1,5FZl.l)
04030 RrnIND 7
04040 STOP
04050 END
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04060 SWROUTINE OUTFLCU (NS)

(SEE LISTING FOR CAL,?,)

06880 SWROUTINE LENGTH(IPDP,ILDP,INODAYS)

(SEE LISTING FOR CALIB)

07170 SUBROUTINE HDERR(I)
07180CC*****
07190CC*****  THIS ROUTINE WINTS A (FATAL) ERROR MESS&E AND STOPS THE JOB
07200X*****
07210 IF(I.LT.l.OR.I.GT.2)GOTO  3
07220 GOM (1,Zj.I
07230 1 WRITE(6.1001)
07240 lOOlFORMA~(iX,
07250+691FORECAST  PERIOD AND PlET DATA DATES ""ST BE EIGRT DIGITS: DMERYYY,
0726O+,,1X,49"RVAPORATION  DATA DATES HUST BE SIX DIGITS: HWYYY)
07270 GOT0 100
07280 2 WRITE(6,lOOZ)
07290 1002 FOlWAT(lX.
07300+5SBT"E CCMM)N DATA PERIOD IS INSLWFICIWT  FOR ANY SMUUTIONS)
07310 GOT0 100
07320 3 WtITE(6,1003)
07330 1003 FOFM.T(lX,l7RUNSPECIFISD ERROR)
07340 GOT0 100
07350 100 REWIND 5
07360 REWIND 7
07370 REWIW 9
07380 REWIND 4
07390 WRITE(6,lOOO)
07400 1000 FORMAT(lX.
0741Oe3E?IFATAL USER ERROR: FROGRAM RUN ABORTED!)
07420 STOP
07430 END
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K.3 Source Code for ESP Program Using Monthly Data (MLESP)

00100 FROmA" NLESPRIDATA,TAPE~ATA,OUTPUT,TAPE60UTPUT,
OOllOt STAT,TAPEI-STAT,ZSRVAP,TAPE9-ZSFXAP,
0012Ot MPAHMF.,TAPE4=MPARME)
00130 IMPLICIT REAL (A-&J-Z)
00140 CCMEDN,VAROF/IISZM,LSZH,GZ~,SS,EVAP,"PLSE,USZ~VG,LSZ~VG
00150 CG"M,N,PAROF,,JSZC,A,.PPRR,ALP"RV.ALPINT,ALPDPR,ALPLSV
00160 COX",N,PAROF2,ALPW.ALP‘W,ALPSF,ALPSW
00170 C‘M",N,INDICAT/DAY,EPSILON.DPSILON,GPSILON
00180 CCMPON,VAROF2,VRUN,VINT,VPER,V~,V"EV,VLN
00190 DIMENSION DATA(3,360),IDATA(360),ESPDATA(30,4,6)
00200 DIMENSION LEVAP(S0,12),IORDER(6,30)
00210 DMENSION IYEAR(30),INANe(S)
00220 Dl"ENSION PARH(I)),CINIT(S)
00230 DIMENSION IERR(6)
00240 DATA IERR,6*0,
0025cCC*****
0026cCC***** FROGXA" FOR E. S. P. FORECAST OF EDNTNLY RUNOFF U)LWES
0027aC***** FRM MONTHLY DATA ONLY.
0028mC*****
0029ccc*****
0030mc NOTE --ARRAYS  SHOULD SE DMENSIONED  AS FOLLaJS:
0031occ DATA(3,NUMBER  OF M,NTHS IN DATA SET)
0032oCC IDATA(NUMRER  OF MDN'"fS  IN DATA SET)
0033occ ESPDATA(NMBER OF YEAR.9 IN DATA SET.4,
0034mc NUMBER OF M)NMS IN FORECAST PERIOD)
0035cCc LEVAP(LAST  YEAR OF EVAPORATION DATA-1899,12)
0036CCC IOP.DER(NUMBER OF M)NT"S IN FORECAST PERIOD,
0037ax NlPIBER OF YEARS IN DATA SET)
0038ccc IYEAR(NLMBER OF YEARS IN DATA SET)
00390Cc*****
004OCCC AREA - WATWSHRD  AREA, SQ. M.
oci41@x FL(w - ACTUAL BASIN O"TFL(W VOLWE, CUB. M.
0042CCC IDATE - START DATE FOR ESP FORECAST (MM)
0043oCC IFDDS - FIRST DATE OF DATA SET TO SE USED HERE @f"YYYY)
0044&X IFDEV - FIRST DATE OF EVAPORATION DATA (MHYWY)
0045cCC IFDFP - FIRST DATE OF FORECAST PERIOD @!MYYY)
00460X ILDDS -LAST DATE OF DATA SET TO BE USED HERE @MYYYY)
0047oCC ILDRV - LAST DATE OF EVAPORATION DATA W"YYYY)
004SCCC ILDFP - LAST DATE OF FORECAST PERIOD (KMYYYY)
0049cCC ILNGT" - LENGTH OF ESP FORECAST, EDNTSS
0050ccc IN - CALENDAR MONTH OF THE YEAR
0051oCC INDIM - NUMBER OF DAYS IN THE CURRENT M)NTH
OOSZCCC INODAYS- NlMRER OF M,NT"S TO SE CONSIDERED IN DATA SET
0053Ccc IY -CALENDARYEAR
0054oCC PaECIP - PERIOD WECIPITATION  VOLUIE (LIQUID EQUIVALRNT), "JR. M.
0055ax shw = SNWPACK VOLWE (LIQUID F,JUIVALENT),  CUB. M.
0056cCC TA -MONTHLY AVER&X AIR TMPERATURE, DEG. C.
0057ax*****
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005mxc*****
0059@ZC***** INPUT CONSTANTS
006OCcC*****
0061fXC NOTE -- SYSTE" SPECIFIC PROCEDURE SUPPLIES ZERO
00612CC WHEN EXPONENTIAL "NDERFLaJ  OCCURS
00614CC*****
00616 CALL SYSTMC(115,IERR)
00618CC*****
00620
00630
00640
00650
00660
00670
00680
00690
00700
00710
00720
00730
00740
00750
00760
00770
00780
00790
00800
00810
00820
00830
00840
00850
00860
00870
00880
00890

EPSILON-I.E-7
DPSILON-l.E-200
GPSILON-l.E-3
ALPGRV-0.
ALFSEV-0.
REWIND 4
READ(4,lOOO)
READ(4.559)AREA,
RRAD(4,559jLAREA
RRAD(4,560)IFDFP
READ(4,560)ILDFP
CALL LENGTH(IPDFP.ILDFP,ILNGT")
RE.Q(4,560)1FDDS
READ(4,560)ILDDS
READ(4,560)IFDEV
READ(4,56O)ILDW
DO 36 I-1,9

36 ;;A$4i5;7;PARM(I)
- .

37 READ(4,558)CINIT(I)
REi0(4,559)CONS
IDATE-IFDFP,10000

557 FOP.MAT(E10.3EZ)
558 FOP.MAT(F10.2)
559 FORMAT(E13.6EZ)
560 FORMAT(I8)

REWIND 4
IF(IFDFP.GT.999999.OR.ILDFP.GT.999999

009oc+ .OR.IFDDS.GT.999999.0R.ILDDS.GT.999999
0091Ot .OR.IFDEV.GT.999999.OR.ILDRV.GT.999999)  CALL WERR(1)
0092mc*****
0093oCC*****  SNJINIT - VALUE OF SW ON IDATE
0094occ*****
00950 SWINIT- CINIT(l)*AREA,1000.
00960 "SZINIT= CINIT(Z)*AREA/lOOO.
00970 LSZINIT- CINIT(3)*AREA,1000.
00980 GZMINIT- CINIT(4)*AREA,lOOO.
00990 SSINIT - CINIT(5)*AREA,1000.
0100ozc*****
OlOlcCC*****  INPUT MONTHLY LAKE EVAPORATION
0102CCc*****
01030 REWIND 9
01040 IFHFP-IDATE
01050 nMEV-IFDEV,lOOOO
01060 nYEV-IFDEV-(~FDEV/lOOOO)*lOOOO
01070 IF(IF"FP.LT.IFMEV)IFYEV-IFYEV+l
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OlOSO
01090
01100
01110
01120
01130
01140
01150
01160
01170
OllSO
01190
01200
01210
01220
01230
01240
01250
01260
01270
01280
01290
01300
01310
01320
01330
01340
01350
01360
01370
01380
01390
01400
01410
01420
01430
01440
01450
01460
01470
01480
01490
01500
01510
01520
01530
01540
01550
01560
01570
01580
01590
01600
01610

IIMFP-ILDFP,1OOOO
IIMEV-ILDEV,lOOOO
ILYEV-ILDKV-(ILDRV,l0000)*10000
IF(IMP.GT.iIUEV)iLYEV-iLYEV-1

555 READ(9,llZO) IEVAPYR
1120 FORMAT(9K.141

IF(IEV~P!k.L~.IFYEV)GOM  555
SAWSPACE 9
DO 500 I-IFYEV,ILYEV
IZz-I-1899

500 READ(9.1030)  (LEVAP(IZZ.IJ),IJ-1.12)
1030 FOP.MAT(20X,12F5.0)

REWIND 9
DO 501 I-IFYEV,ILYEV
UZ-I-1899
DO 501 IJ-1.12

501 LeVAP(IZZ,IJ)-LEVAP(IEZ.IJ)/10000.
DSZC-A"EA*O.OZ
TBASE - PAR"(l)
ALSEDS = PAR"(Z)
ALPPER - PARM(3)
ALPDEV - PARM(4)
ALPINT - *ARM(S)
ALPDF" - PARM(6)
ALPLW = PAR"(7)
ALPaJ - PAM(S)
ALPS* - PAR"(g)
CALL LRNGT"(OlOOOl,IFDDS,IZZ)
CALL LENGT"(010001,1F"FP*10000+1FYEV,13)
IF(1ZZ.LT.U)  IFDDS-IF"FP*1000O+IFYEV
CALL LENGT"(OlOOOl,ILDDS,IZZ)
CALL LENGT"(O10001,IUWP*1000WILYEV,IJ)
IF(IZZ.GT.IJ) ILDDS-IlNFP*1000O+ILYEV
IPbIFDDSliOOOO
IFYDS-IPDDS-IFWS'IOOOO
I~DS=ILDDS,10000
ILYDS-ILDDS-IIMDS*lOOOO
IF(IF~.LT.IF~~os)IFYDS=IFYDS+~
IF(IIMFP.GT.IIMDS)ILYDS-ILYDS-1
IFDDS-IFPIFP*1000O+IFYDS
ILDDS-IlMFP*l000O+ILYDS
CALL LENGT"(010001.IFDDS.IZZ)
CALL LENGT"i010001;ILDDS;IJ)
IF(IJ-UZ+l.LT.ILNGT") CALL HDERR(2)
CALL LENGTH(IFDDS.ILDDS.INODAYS)
RmIND 5
READ(5,lOOO) INAHR
READ(5,lOOO)
READ(5,lOOO)
READ(5.1000)

1000 FORMT(EA10)
15 REAO(5.1010) IM,IY

IF(IM*1000~IY.NE.IFDDS)GOTO  15
BACKsPACE 5
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01620CC*****
0163oCC*****  M)NT"LY LOOP -DATA PRBPARATION (BEGINNING)
0164WC*****
01650 DO 300 I-1,INODAYS
0166azc*****
0167oCC***** INPUT AND FILL IN W)NT"LY  DATA
0168Ozc*****
01690 READ(5,1010) M,IY,INDM,TA.FRECI*
01700 1010 F0RMAT(1K,13,15,2X,13.5X,F10.2,2F20.0)
01710 DATA(1.1)~PRECIP
01720 DATA(Z,I)-TA
01730 DATA(3,1)-FLOAT(IWM)
01740 300 IDATA(M*lOOOO+IY
0175Ozc*****
017603C***** WEPARE ARRAYS FOR SMUUTIONS
0177cCc*****
01780 I-l
01790 IESP+
01800 400 ID-IDATA(I),1oooo
01810 IF(ID.EQ.IDATE)GOm  401
01820 402 I-I+1
01830 IF(I.GT.INODAYS)GOm  403
01840 GOT0 400
01850 401 SW-S?-MIMT
01860 DO 404 IZ-1,ILNGTH
01870 IZz-I-1+IZ
01880 IF(IZZ.GT.INODAYS)G~~ 404
01890 WECIP-DATA(l,IZZ)
01900 TA-DATA(2,IZZ)
01910 INDIM-DATAO,IZZ)+O.l
01920x*****
0193occ***** "EAT BALANCE
0194occ*****
01950 MELT-O.
01960
01970
01980
01990
02000
02010
02020
02030
02040
02050
02060
02070
02080
02090
02100
02110
02120
02130

IF(TA.LE.o.)Gom  903
IF(SMJ.LT.l.)GOTO 904
DD-TA*FLOAT(INDlM)

951MELT-ALSEDS*DD
IF(HELT.GT.SW)  MELT-SEW

904 SW-SW+ELT
NS-FRECIFWELT
GOT0 905

903 SW-S?M+PRECIP
NS4.

905 HPLSE-EXP(TA,TBASE),(596.-.52*TA)/1000000.*CONS
ESPDATA(IESP+l.l.IZ)-NS
ESPDATA(IESP+l,Z,IZ)-HPLSE
ESPDATA(IESP+~,~,IZ)-PRECIP/AREA*lOOO.
ESPDATA(IESP+l,4,IZ)-FLOAT(IWBfM)

404 CONTINOE
IP(IZZ-I+l.EQ.ILNGTH)  IESP-IESP+l
Gp'Nl 402

02140 403 CONTINUE
021503C*****
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0216aC***** K)N'ItlLY  LOOP -DATA WRPARATION  (END)
0217CCC*****
0218occ*****
02190X***** SIMULATE (IESP RUNS)
0220ccc*****
02210 DO 100 IZ-l.IESP
0222mc*****
02230X***** INPUT INITIAL VARIABLE "AL"RS
02240CC*****
02250 USZM-USZINIT
02260 LSZM-LSZINIT
02270 GZM-GZHINIT
02280 SS-SSINIT

0230mC***** M)NMLY LOOP (BEGINNING)
0231CCC*****
02320 DO 100 I-l ,ILNGT"
0233oCC*+***
0234DX***** INPUT PREPARED DATA
0235CCC*****
02360 NS - ESPDATA(IZ,l,I)
02370 WLSE - ESPDATA(IZ,Z.I)
02380 M Y - ESPDATA(IZ,4.1)
02390x*****
024OrXC***** MASS BALANCE
0241oCC*****
02420 CALL OUTFLW(NS)
0243oCC*****
02440 ESPDATA(IZ,Z,I)-NS,LAREA*lOOO.
02450 100 CONTINUE
0246cCC*****
0247aC***** M)NT"LYLOOP  (END)
024SaC*****
0249ccc*****
02500X*****
OZSlcCC*****  END OF SMULATIONS
02520CC*****
02530X*****
02540CC*****  FILL IN LAKE EVAPORATION AND DATE ARRAYS
0255aC*****
02560
02570
02580
02590
02600
02610
02620
02630
02640
02650
02660
02670
02680
02690

I-l
DO 960 IZ-1,IESP
TY-I_.. _

961 ID-IDATA(
IF(ID.EQ.IDATR)GOTO  962
I-1+1
GOT0 961

962 IS-1
963 IZZ-IDATA

m-1zz,10000
IY-IZZ-IM*10000
ESPMTA(IZ,l,IK)-LEVAPUY-1899,M)*lOOO.
ESPDATA(IZ,4,IK)-(IY-(IY/l00)*100)+0.5
Is-Is+,
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02700 IK-TK+I
02710
02720

IF(IK.LE.ILNGTH)GOYO  963
960 I-1+1

0273CCC*****
02740CC***** END OP FILL IN (ALL UNITS EXCEPT YEAB AP.E MN OYER Wuce)
0275O?C*****
0276CCC*****
0277aC*****  STATISTICAL SDMHARY (QLkNTILE ESTIMATION FOR EACH PERIOD)
0278CCC*****
0279ccc*****
0280ccc***** ACCVMULATE  OVER FORECAST HORIZON
OZElcCC*****
02820 DO 762 IZ-1,IESP
02830 SUM-O.
02840 IYRAR(IZ)-ESPMTA(IZ,4,1)
02850 DO 762 I-1,ILNGTH
02860
02870 762

SUM-SW+ESPDATA(IZ,~,I)+ESPMTA(I.Z.~.I)-ESPMTA(IZ,~,I)
ESPDATA(IZ,4,1)-SW

"mRcrC*****
02890CC*****
029omc*****

ORDER STATISTICS FOR EACH PERIOD OF FORECAST HORIZON

02910 DO 750 I-1,ILNGT"
02920 DO 753 IJ-1,IESP
02930 753 IORDER(I,IJ)-IJ
0294occ*****
029502c***** BOBBLE  SORT FOR ONE PERIOD
0296cCC***+*
02965 IF(IESP.RQ.l)GOm  750
02970 IESPbfl-IESP-1
02980 DO 751 IJ-1,IESPMl
02990 RIIN-ESPDATA(IJ.4.1)
03000 MIN-IJ
03010 IJPI-IJ+l
03020 DO 752 IK-IJPl.IESP
03030 IF(ESPDATA(IK,i.I).GE.TMIN)GOTO 752
03040
03050

ZMIN-ESPOATA(IK,4,1)
MIN-IK

03060 752 CONTINOE
03070
03080

ESPDATA(MIN,4,1)-ESPDATA(IJ.4.1)
ESPDATA(IJ,4,1)-MIN

03090 IK-IORDER(I,I"IN)
03100 IORDER(I,lMIN)-IORDER(I,IJ)
03110 751 IORDER(I,IJ).IK
03120 750 CONTINOE
03130CC+****
0314occ***** RESTORE N.B.S. ARRAY (NON-CUPIUUTIVE)
0315ccc*****
03160 DO 763 IZ-1,IESP
03170 DO 763 I-1,ILNGT"
03180 763
0319ax*****

R~MTA(IZ.~,I~-E~MT*(IZ.~,I~+ESPMTA(IZ,~,I)-ESPMTA(IZ,~,I)

032OoCC***** SunMARY 0"TPuT
03210X*****
03220 RRWIM) 7
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03230 WRITE(7,1060) INANE
03240 1060 FORMAT(l"1.37"FXTENDED  STRRAWL(II  PREDICTION FOR03250 ,BAlO)

03260+
WRITE(7.1070) TBASE,AU,EDS,ALPPBR,ALP"BV,ALPINT,ALPD~,ALPLRV,

03270 1070

03280+

FORMAT(,,lX,18"PARAMETER  ALPW,ALPGEV.ALPSF.ALPSEV,CONS,USZC,AREA.LAREA

6X,lMTBASE SMMAP.Y:,,, -(C) .E13.6BZ.l.
~X,~~H.~LBEJJS  m3/DD) - ;~13.6~2;/;
6X,17"HALPPeR (D-1)
6X,lMALPOEV (n-3)

- ,El3.6RZ,/,
- .E13.6EZ.l.

03290+
033ooc
03310+
03320+
0333ot
0334oe
0335ot
03360+
0337(x
033aot
0339ot
03400+
03410+
03420+
03430
03440
03450
03460
03470
03480
03490
03500
03510
03520
03530
03540
03550
03560

6K,17"ALPINT  (D-l) -
~X.I~"ALPDFR (D-l) -
~X,~MALPLRV (H-3) -
6X,lMALPW (D-l) -
6X,l7"ALPGEV (H-3) -
6X,17"ALpSF  (D-l) -
6X,lMALPsEV (M-3) -
6X.17"CONS (CAL) -
6X,17"UsZc (143) -
6x,17"A~EA (142) -
~X,I~HLAKE  AREA (I421 -

:DATEm-1

;E13.6EZ;j;
.El3.6RZ.I,
,E13.6E2,/.
,E13.6BZ,,,
,E13.6EZ,,,
,E13.6EZ,,,
,E13.6EZ,,,
,El3.6EZ.,,
,E13.6EZ,,,
,E13.6EZ,,,
,E13.6B2,/,/~

ISTART-M
IFUSTART.EQ.~)IPL~-MJANOARY
='(ISTART.EQ.Z)I"O-(MPEBRUARY
~W~RT.EQ.~)IMO-~~ARCH
IF(ISTART.EQ.4)IMO-5"AF%IL
IFUSTART.EQ.S)IMO-3HHAY
IF(ISTART.EO.6~MO4"JONE

1080

1090

. ~~~~
IF(ISTART.EQ.7)IMO4".,ULY
IF(ISTART.EQ.~)IMO-6"ADGUST
m(IsTART.EQ.9)MO=%SEPTmER
IF(IsTART.EQ.lO)MO-MOCTOBER
IPUSTA~T.EQ.~~)~MO-~HN~VEHBER
~(IsTART.EQ.l2)IMO=(MDECRHBER
WRITE(7,1080) MO,ILNGT"
PORMAT(lX,18HSTARTING  WON2n IS ,AlO,,,

lX,2l"SIHOMTION LENGTH IS ,12,7Il EDNTHS,,,)
~DDS-~Dt~s-~1~~~~,10000~*10000
ILDDS-ILDDS-(IL~DS/10000~*10000
kRITE(7,1090) IFDDS.ILDDS

03570
03580
0359ot
03600
03610
03620
03630
0364Ot
03650

FORMT(lX,l9"DATA &T RUNS FRM ,14,9" THROUG" ,14,,,
lX,48HWITH  A MONTHLY "ASS-BALANCE CCMPLTATION INTERVAL,

SWINIT-SEklINIT,AREA*l000.
03660 OSZINIT-USZINIT,AREA*1000.
03670 LSZINIT=LSZINIT,AREA*l000.
03680 GZNINIT-GZMINIT,AREA*1000.
03690 SSINIT - SSINIT,AREA*lOOO.
03700 WaITE(7.1100) S~INIT,"SZINIT.LSZINIT.GZMNIT,SSINIT
03710 1100 FOF.MAT(lX,46"INITIAL VALUES AT BEGINNIW OF STARTING HONT":,,,
0372C-k
03730+

6X,121iShW @O-f, - ,F6.2,,,

03740+
~X,~~HUSZH (MM) - ,F6.2,,,

0375ot
6K,MiLSZM  (MM) - ,F6.2,,,

037601. 6X,l2HGZM (MM, -
6X,l2llSS (MH)

,F6.2,/,
= ,F6.2,//)

/I)
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03770 WRITE(7,lllO)
03780 1110 FOwT(/,

6mST"DIES BY QUINN AND RFJ'RESENTS AERODYNAMC EQUATION APPLICATIONS.
O381O+/.lX.6mTo  NONTHLY DATA.
0382O+;;lX;6m
03830+,,1X~6mLIMPRD "ONMLY PRECIPITATION AND HONTHLY AIR TEHPERATURE CA"E PRO,
03840+ 6mb, 54"ETEOROLWICAL STATIONS ABOUT THE LAKE SUPERIOR BASIN, AFTER,
0385O+,,lX,6mCROLCI. THE DATA SET IS AVAILABLE ON THE GLERL CcHP"TER.
03860+/,1x,691
0387O+,,lX,6m'l?-lE  FOLLWING  o"TPW STATISTICS ARE PRESENTED FOR SUCCESSIVELY LO,
03aac+ 6mNGER FORECAST PERIODS. THE FIRST PAGE IS FOR THE FIRST IC)NTH OF ,
03890+,,1x,691~E FORECAST PERIOD. THE SECOND PAGE IS POR THE PIRST WO MNTHS,
03900+ 691 OF THE FORECAST PERIOD. THE THIRD PAGE IS POR THE FIRST THREE ,
0391O+,,lX,6S(MON?HS OF THE FORECAST PEKIOD,  ETC. THE HISTORICAL METEOROLOGICA,
0392ot 6mL DATA IS USED TO COnP"TE RUNOFF FOR EACH YEAR (PORTION OF WHICH ,
0393O+,,lX,6SIMATCHES  THE FORECAST PERIOD); THE RUNOFP AND PRECIPITATION ARE SU,
03940+ CLAMMED OVER EACH M)NTS AND CMBINED WITS ~3~nll.y EVAPORATION  TO )
03950 WRITE(7,llll)
03960 llllFORMAT(
0397W lX,6mC(MP"TE NET BASIN SUPPLY. THE NET BASIN SUPPLY IS ACaRLUIATED  OV.
0398Ot 6mER THE PIRST N ,,,NTSS, FOR PAGE N, AND THE YEARS OF RECORD ARE ,
~~3~~/,1X,6msoRTRc BASED ON THE AC~ULATRD NET BASIN SUPPLY FOR THE N-HONTd ,

6mPERIOD FR(M SMALLEST TO LARGEST. THE ORDER STATISTICS ARE THUS ,
040lO+,,lX,6mOBTAINED  BASED UPON THE N-HONM ACaULATED NET BASIN SUPPLY FOR ,
0402Ot 6mTHE FIRST N MONTHS. THE ACCUMULATED NET BASIN SUPPLY IS NOT
0403O+,,lX,6mPRINTED  OUT, BUT THE LAKE EVAPORATION, RUNOFF, PRECIPITATION, AND:
0404Ot 651 NET BASIN SUPPLY FOR EACH K)NTH ARE WINTED IN UNITS OF HILLI- ,
W,;~,,lK,6%E-,ETERS  OVER THE LAKE SURFACE. Q"ANTILE PROBABILITIES ARE GIVEN a,

6my THE ORDER N~BER (~0) DIVIDED BY THE NMSER OF YEARS USED IN ,
0407O+,,lX,6mTHE  PROCEDURE (LARGEST NO). THESE PROaABILITIES REPRESENT THE NO,
04oaoc 6mN-EXCEEDANCE  PROSABILITIES AND THEIR CMPLMENTS RFPRESENT THE
0409C+,,lX,6mEXCEEDANCE  PROBABILITIES. j
04100 DO 754 I=l,ILNGTH
04110 WRITE(7,lOZO) I
04120 1020 FORHAT(1H1,5aFIRST,I2,9H  EoNTH(S),//.6X,
04130-h 6(1X,20H(EVAP.) (RUN- (PRE-),,,lX,mNO  YR,
04140+ 6(2X,19"(NES) OFF) CIP.)))
04150 DO 754 I?,-l.IESP
04160 IJ-IORDER(I;IZ)
04170 WRITE(7,1050) I2,IYEAR(IJ),((ESPDATA(IJ,IK,IL),IK-1,3),IL-1.1)
04180 1050 FORMAT(lX,I2,13,lSF7.1)
04190 754 WRITE(7.1040)  (ESPDATA(IJ,4,IL),IL-1.1)
04200 1040 FORMAT(6X,F7.1,5F21.1)
04210 REWIND 7
04220 STOP
04230 END
04240CC*****
0425iXC*****
04260 SUBROUTINE 0"TFLaJ (NS)

(SRE LISTIN;:  FOR CALIS)
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06930 SuBRO"TINE LENGTH(IPDP,ILDP,INODATS)

(SEE LISTING POR PMCAL)

07040 SuBRO"TINE MDERR(1)
0705lxC*****
0706cCC+**** THIS ROUTINE PxINTS A (FATAL) ERROR MESSAGE AND STOPS THE JOE.
0707ox*****
07080 IFU.LT.l.OR.I.GT.Z)COTO  3
07090 COT0 (l,Z),I
07100 1 WRITE(6,lOOl)
07110 lOOlPOR"AT~lX.4alALL  INPUl' DATES MUST SE SIX DIGITS: M"YYW)
07120 GOT0 100
07130 2 wRITE(6,1002)
07140 1002 FORuAT(lX,
07150+5tMT"E CCMM)N DATA PERIOD IS INWF'FICISNT FOR ANY SMULATIONS)
07160 GOT0 100
07170 3 WtITE(6,1003)
07180 1003 POR"AT(lX,lM"NSPECIPIED ERROR)
07190 GOT0 100
07200 100 R!sIND 5
07210 RRNINJI 7
07220 REWIM) 9
07230 REWIND 4
07240 wRrTe(6,looo)
07250 1000 POP.MAT(lX,
07260+31MPATAL  USER ERROR: R(0cXb.M RUN ABORTED!)
07270 STOP
07280 END
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Appendix L.--EXAMPLE INPUT FILE OF OVERLAKE EVAPORATION (ZSEVAP)
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1900
1901
1902
1903
1904
1905
1906
1907
1906
1909
1910
1911
1912
1913
1914
1915
1916
1917
191.5
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1936
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941

s Bv-BIT 1942 III@10
s EV-HT  1943 nwl0
s Ev-lm 1944 nwl0
s 8v-m 1945 NIP10
S EV-Hl’  1 9 4 6 ~ 1 0
s sv-m 1947nmlO
s Ev-m 1948 nw10
s Ev-nT  1949 HIWO
s Ev-nr 1950 nw110
s Ev-lm  1951 wII*lO
s Awl-r 1952 WlO
s Ev-m 1953 ml0
s Bv-nT 1954 I4wlO

1107 659 263 -15 -60 -142 -112 -88
1010 630 763 140 -58 -111 -173 -146
697 809 491 123 -76 -138 -265 -104
887 498 95 59 8 -68 -198 -126
861 505 97 40 -3 -71 -154 -63

1146 760 360 90 -50 -157 -203 -220
913 475 315 -33 -2

1117 618
-65 -112 -124

472 13 -32 -150 -146 -90
1276 528 627 264 -47 -61 -127 -9
1023 56% 539
932 616

-4 -43 -126 -197 -96
505 0 -37 -102 -129 -124

1168 621
1020 413

343 121 -43 -119 -185 -97
839 78 -25 -9O’-13.5  -35

169 587 1296 1302
169 490 1182 1355
157 507 690 1147
189 709 1085 950
151 380 1244 1251
107 147 992 1020
171 554 784 1164
242 419 1402 1375
-3 276 1161 1124

108 334 1044 1172
-45 850 899 841
493 496 866 1309

92 530 5.58 896
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S
S
S
S
S

i
S
S
S
S

:
S
S
S
S

8v-m 1955 HImlO
BY-MC 1956 WI0
EV-MT  1957HwlO
EV-HT 1958 MwlO
Ev-m 1959 MC10
SV-llT 1960 BWlO
RV-MZ 1961 -10
%V-HT 1962 NW10
BV-tfl 1963 MC10
BV-M’C 1964 WlO
EV-HT 1965 WIIIlO
8V-m 1966 MWlO
EV-MT 1967 MWlO
EV-lfl’ 1968 W&W10
Et’4 1969 1IWlO
sv-m 1970 MI@10
Eva 1971 nr10

s %v-H-I 1972 mm0
s sv-m 1973 nwl0
s Ev-m 1974 ml0

. s sv-m 1975 nw10
S BV-HT  1976 WI0
S Bv-HT 1977 WlO
S w-m 1978 nn*lO
S Kvm 1979 MwlO

1135
924

1046
918

1047
947
935

1173
945

1043
1097
1046
1143
940

1097
1357
1124
1192
852
903

1183
1041
970

1091
1303

571
678
437
739
391
652
502
330
271
742
466
481
391
669
614
420
478
460 351
711 1SS
538 426
628 703
586 796
573 301
480 415
256 197

627 -44
552 186
362 22
207 76
2S.5  85
608
383
242
257
664
328
436
232
297
546
359
446

28
89
96

::
51

1::
43
26
70

116
176
163
62

265

::
192
121

-30 -151 -215 -91
-15 -78 -180 -111
16 -100 -196 5
-2 -57 -214 -66

-9% -76 -91 -153
-52 -60 -152 -122
-7 -43 -166 1

-62 -90 103’ -47
-24 -161 -134 -11
-36 -64 -122 -22
-53 -55 -157 -34

27 -72 -134 -49
56 -138 -127 37

-23 -8% -104 -92
-14 -52 -105 -15
-34 -52 -145 3

15 -79 -58 75
-22 -84 -105 -65
-4 -171 -139 -78

-15 -119 -166 -82
-49 -220 -237 25

380 444 1428 1266
239 290 1143 1160
428 692 1036 1022
42 386 1199 1204

106 1039 1365 842
334 563 1029 1285
400 574 896 1087
496 571 747 1248
106 275 1093 1377
251 665 1011 1436
411 507 1051 912
474 845 1105 1078
385 762 1014 1135
150 548 1138 1243
775 1027 1063 1293
517 612 1079 1128
285 418 1176 1351
495 630 764 1409
542 363 1056 1385
579 628 744 945
571 534 1050 1427

-51 -94 26 583 996 1253 1156
-55 -146 72 337 852 1369 1445

-47 -90 -98 -9 265 633 1453 1311
3 -85 -73 -13 315 1047 1460 1157
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Appendix M.--EXAMPLE ESP INPUT PARAMETER FILE (PARMR)

273



SUPERIOR: ALL BASINS 1-22
.12i3925R+12
.8288748++11

15031983
30091983
01011949
31121978

011942
121979
.17cEtOl
.39oE+o9
.28OR+ol

14oE-09
:41OR-02
. 78CE-02
.25CE-03
.42OR-02
.99oE-01

103.30
0.00

64.30
131.00
10.20

.3521413+14
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Appendix N.--EXAMPLE E~P OUTPUT (STAT)
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EXTENDED STRFANFL(U PREDICTION FOR COHBINED  SVBBASINS: 1111111111111111111111

PARA"RTBR  SDkfJARY:
TBASE W - .17000m+01
AILtEDS (n3iDD) - .39oooawo9
ALPPER (n-1) - .28000fE+01
ALPDE" (H-3) - .14ooo(E-09
ALPINT (D-l, - .4lOOO(E-02
ALPDPR (D-l) - .78OOOCE-02
ALPLW (H-3) - .25OOO(e-03
ALPW (D-l) - .42OOO(E-02
ALPG!?"  (M-3) - 0.
ALRF (D-l) - .99ooocE-01
ALPSRV (n-3) - 0.
CONS (CAL) - .35214lE+l4
"SZC ("3) - .25785(E+lO
AREA (n2) - .128925E+l2
LAlZ AREA (HZ) - .828874R+ll

STARTING DATE: DAY 15 OF MONTN 3
SM"WTlON LENGTH IN l-DAY PGRIODS - 200
FIRST EDNT" OF OUTPUT STATISTICS - APRIL

DATA SET LENGTH (D) - 10792
"ASS BALANCE KMPDTATION INTERVAL

u"
m I'NITIAL VALUES ON STARTING DATE:

SW ool) - 103.3
"SZ" (MM) - 0.0
LSZN (NM) - 64.3
cm ooo - 131.0
SSW) - 10.2

CD)- 1

MONTBLY  LAKE EVAPORATION IS TAKRN FRM WRVIOUS  LAKE EVAPORATION STUDIES BY QUINN AND REPRESENTS AERODYNAMIC RQDATION APPLICATIONS
TO EDNTHLY DATA.

DAILY PRECIPITATION AND MXIWUH AND MINIMUM TWPERATDRES  CAMS FR(M 54 METEOROLOGICAL STATIONS ABOUT THE LAI(E SUPERIOR BASIN, AFTW
CROLEX. THE DATA SET IS AVAILABLE ON THE CLEW C(MP"TER.

THE FOLLaJING OUTPUT STATISTICS ARE PRESENTED FOR SUCCBSSIVRLY  LONGER FORECAST PERIODS. THE FIRST PACE IS FOR THE FIRST HONT" OF
THE FORECAST PERIOD. THE SECOND PAGE IS FOR THE FIRST Th'O HDNT"S OF THE FORECAST PERIOD. THE THIRD PAGE IS FOR THE FIRST THREE
MONT% OF THE FORECAST PERIOD, ETC. THE HISTORICAL METEOROLOGICAL DATA IS USED TO C(MP"TE RUNOFF FOR EACH YEAR (PORTION OF WHICH
MATCBES THE FORECAST PERIOD); THE RUNOFF AND PRECIPITATION ARE SUMMED OVER EACH N)NT" AND CCMBINRD !dIT" H)NT"LY EVAPORATION TO
CMPUI.E NET BASIN SUPPLY. THE NET BASIN SUPPLY IS ACCUM"lATRD OVRR THE FIRST N H)NT"S, FOR PAGE N, AND THE YEARS OF RECORD ARE
SORTS BASED ON THE AC~UI,ATE~Z  NET BASIN SUPPLY FOR THE N+~oN~  PERIOD FRM SMALLEST TO LARGEST. THE ORDER STATISTICS ARE THUS
OBTAINPA"  BASED UPON THE N-MONT" ACCUMULATED  NET BASIN SUPPLY FOR THE FIRST N EONMS. THE ACCUMULATED NET BASIN SUPPLY IS NOT
PRINTRD OUT, BUT THE LAKE EVAPORATION, RUNOFF. PRECIPITATION, AND NET BASIN SUPPLY FOR EACH MONT" ARE PRINTED IN "NITS OF MILLI-
METERS OVER THE LAKE SURFACE. @JANTILE PROBABILITIES ARE GIVEN BY THE ORDER NUMBER (NO) DIVIDED BY THE NDXBER OF YEARS USED IN
THE PROCEDURE (LARGEST NO). THESE PXOBABILITIES REPRESENT THE NON-EXCEEDANCE PROBABILITIES AND THEIR CCMPLFMENTS REPRESENT THE
EXCEEDANCE  PROBABILITIES.



FIRST 1 WOLE) MNTX(S)

WAP.) (RUN- (PaE- (EVAPip.)  (BUN- (ET.E- (EVAP.) (RUN- (PRE- (RVAP.) (BUN- (WE- (EVAP.) (RUN- @RR- (RVAP.) (RUN- (PRE-
NO IX (NBS) OFF,  CIP.) (NSS) OFF) CIP.) ( N B S ) O F F )  CIP.) CNSS) O F F )  CIP.) CNRS) O F F )  CIP.)  (NBS) OFF) CIP. 1,

1 72 17.6 69.0 28.7
SO.1

2 7% 19.2 64.8 34.6
80.2

3 75 26.5 70.6 39.7
83.7

4 59 8.5 68.5 33.3
93.2

5 56 18.6 63.4 4%. 7
93.5

6 50 26.4 53.3 71.2
9%. 1

7 5% 7.6 71.4 36.5
100.3

8 65
10:::

72.0 37.2

9 71 11.6 83.2 34.0
105.5

10 49 1.3 86.5 22.1
107.3

11 73 16.3 75.0 50.3
109.0

12 62 9.6 70.6 53.1
114.1

13 66 9.8 73.0 51.0

14 76

15 53

16 69

114.3
3.6

121.6
12.1

122.2
2.6

124.0

81.8 43.5

78.0 56.3

79.4 47.2

17 70
12:::

70.3 63.6

1% 61 8.9 81.4 57.2
129.7

19 55 -4.4 89.5 39.0
132.9

20 52 0.0 89.6 46.9
136.5

21 51 -.4 87.1 49.2
136.7

22 57 2.2 84.8 55.6
138.2



23 63 3.2 87.2 55.8
139.8

24 67 11.4 87.0 64.1
139.8

25 77 4.2 97.9 54.0
147.8

26 74
15:::

81.3 75.1

27 64 4.7 94.4 75.7
165.4

2% 54 7.8 85.5 90.6
16S.4

29 68 4.3 95.7 95.4
186.9

30 60 2.8 97.7 107.3
202.3

FIRST 2 (““OLE) mNTH(S)

(RVAP.)  (RUN- (WE- (EVAP.)  (RUN- (FRR- (EVAP.)  (RUN- (WE- (EVAP.)  (RUN- (WE- (RVAP.) (RUN- (PRE- (EVAP.)  (RUN- (PRE-

NT F2 (NBS) OFF, CIP.) (NRS) c-lBs, OFF, CIP.) m-Es) OFF) CIP.) (NBS) OFF)  CIP.) (NBS) OFF) CIP.)

17.6 69.0 28.7 -2.2 my; . cg.; .
80.1 123.7

2 76 3.6 81.8 43.5 8::; 66.1 20.6
121.6

3 5% 7.6 71.4 36.5 -.2 61.1 54.1
100.3 115.4

4 75 26.5 70.6 39.7 -4.9 75.8 54.1
83.7 134.8

5 66 9.8 73.0 51.0 2.7 74.2 42.1
114.3 lJ3.6

6 67 11.4 87.0 64.1 5.6 70.7 42.4
139.8 107.5

7 7% 19.2 64.8 34.6 -4.7 73.3 92.1
80.2 170.1

8 56 18.6 63.4 48.7 -1.5 76.2 84.0
93.5 161.6

9 52 0.0 89.6 46.9 -3.7 70.4 50.7
136.5 124.9

10 51 -.4 87.1 49.2 -4.3 67.6 55.0
136.7 126.9

11 77 4.2 97.9 54.0 -2.6 65.9 54.9
147.8 123.4

12 69 2.6 79.4 47.2 -1.4 71.0 75.4
124.0 147.7

13 73 16.3 75.0 50.3 -.4 77.1 85.4
109.0 162.9



14 63 3.2 87.2 55.8 -2.4 67.6 63.4
139.8 133.4

15 65 5.1 72.0 37.2 -5.3 75.0 94.0
104.1 174.3

16 59 8.5 68.5 33.3 -9.8 68.8 106.9
93.2 185.5

17 57 2.2 84.8 55.6 1.6 79.7 62.9
138.2 141.0

18 49 1.3 86.5 22.1 -3.2 81.9 88.3
107.3 173.3

19 61 8.9 81.4 57.2 -.7 81.7 78.4
129.7 160.8

20 53 12.1 78.0 56.3 -4.3 73.6 97.1
122.2 175.0

21 71 11.6 83.2 34.0 1.5 83.2 110.9
105.5 192.6

22 62 9.6 70.6 53.1 -6.2 77.4 112.6
114.1 196.2

23 68 4.3 95.7 95.4 -2.3 78.6 62.4
186.9 143.3

24 74 6.2 81.3 75.1 -1.5 94.8 85.5
150.2 181.8

25 50 26.4 53.3 71.2 -4.7 135.3 101.0
98.1 241.0

26 55 -4.4 89.5 39.0 -3.0 87.0 125.6
132.9 215.6

27 70 7.0 70.3 63.6 -3.4 89.4 129.5
126.9 222.3

28 54 7.8 85.5 90.6 -2.5 97.0 91.2
168.4 191.5

29 64 4.7 94.4 75.7 -3.6 92.3 108.8
165.4 204.7

30 60 2.8 97.7 107.3 -5.2 97.3 83.2
202.3 185.7

FIRST 3 WROLE) KONTH(S)

(EVAP  . )
NO W (NBS)

1 72 17.6
80.1

2 76 3.6
121.6

3 66 9.8
114.3

4 58 7.6
100.3

5 56 18.6
93.5

‘OFF)
69.0

81.8

73.0

71.4

63.4

(PRE- (EVAP.)
CIP.) (NRS)
28.7 -2.2

123.7
43.5 2.9

83.7
51.0 2.7

113.6
36.5 -.2

115.4
48.7 -1.5

161.6

(RUN-
OFF)
70.5

66.1

74.2

61.1

76.2

(PRE- @‘ZAP.)
CIP.) (NBS)
51.0 -8.4

118.7
20.6 -5.1

165.3
42. 1 -7.2

148.2
54.1 -5.7

172.8
84.0 -7.8

141.9

(RUN-
OFF)

WE- (EVAP.)  (RUN- (IT.& (EVAP.)  (RUN-
CIP.) mBS) OFF) CIP.) (NBS) OFF)

50.6 59.7

58.3 102.0

65.8 75.2

67.6 99.5

60.2 73.9

(WE- (EVAP.)  (RUN- (PRE-
CIP.) (NBS) OFF) CIP.)



6 78

7 61

8 75

9 65

10 69

11 77

12 67

13 62

14 59

15 51

16 52

17 71

18 63

19 49

20 73

21 57

22 70

23 55

24 74

25 53

26 54

27 50

28 60

29 68

30 64

19.2
80.2
8.9

129.7
26.5
83.7
5.1

104.1
2.6

124.0
4.2

147.8
11.4

139.8
9.6

114,l
8.5

93.2
-.4

136.7
0.0

136.5
11.6

105.5
3.2

139.8
1.3

107.3
16.3

109.0
2.2

138.2
7.0

126.9
-4.4
132.9

6.2
150.2
12.1

122.2
7.8

168.4
26.4
98.1
2.8

202.3
4.3

186.9
4.7

165.4

64.8 34.6

81.4 57.2

70.6 39.7

72.0 37.2

79.4 47.2

97.9 54.0

87.0 64.1

70.6 53.1

68.5 33.3

87.1 49.2

89.6 46.9

83.2 34.0

87.2 55.8

86.5 22.1

75.0 50.3

84.8 55.6

70.3 63.6

89.5 39.0

81.3 75.1

78.0 56.3

85.5 90.6

53.3 71.2

97.7 107.3

95.7 95.4

94.4 75.7

-4.7
170.1

-.7
160.8
-4.9
134.8
-5.3
174.3
-1.4
147.7
-2.6
123.4

5.6
107.5
-6.2
196.2
-9.8
185.5
-4.3
126.9
-3.7
124.9

1.5
192.6
-2.4
133.4
-3.2
173.3

-.4
162.9

1.6
141.0
-3.4
222.3
-3.0
215.6
-1.5
181.8
-4.3
175.0
-2.5
191.5
-4.7
241.0
-5.2
185.7
-2.3
143.3
-3.6
204.7

73.3 92.1

81.7 78.4

75.8 54.1

75.0 94.0

71.0 75.4

65.9 54.9

70.7 42.4

77.4 112.6

68.8 106.9

67.6 55.0

70.4 50.7

83.2 110.9

67.6 63.4

81.9 88.3

77.1 85.4

79.7 62.9

89.4 129.5

87.0 125.6

94.8 85.5

73.6 97.1

97.8 91.2

135.3 101.0

97.3 83.2

78.6 62.4

92.3 108.8

-9.0
148.2
-4.3
120.4
-22.0
198.5
-5.5
148.5
-5.2
156.8
-5.5
160.9
-13.8
187.2
-9.0
126.7
-7.6
160.7
-12.6
182.2
-10.2
186.6
-7.9
157.3
-16.1
189.7
-15.0
182.8
-17.1
191.7
-10.0
194.8
-5.2
150.8
-15.1
155.8
-11.9
174.8
-11.9
226.4
-9.0
170.0
-8.1
194.9
-6.0
157.8
-8.8
233.9
-6.4
213.0

57.3 81.9

65.6 50.5

60.4 116.1

69.3 73.7

66.2 85.3

46.5 109.0

68.6 104.7

59.4 58.2

62.0 91.1

61.6 108.0

66.3 110.1

73.6 75.8

68.4 105.3

60.9 106.9

69.7 105.0

73.0 111.8

75.0 70.6

77.2 63.5

75.3 87.5

88.1 126.3

76.9 84.1

80.4 106.3

75.6 76.2

‘90.1 135.0

85.9 120.7



FIRST 4 (WHOLE) MONT”(S)

(EVAP.)  (R U N- (WE-
NO W (NBS) OFF, UP.)

1 76 3.6 81.8 43.5
121.6

2 72 17.6 69.0 2%. 7
80.1

3 66 9.8 73.0 51.0
114.3

4 56 18.6 63.4 48.7
93.5

5 62 11E 70.6 53.1

6 75 26.5 70.6 39.7
83.7

7 61 8.9 81.4 57.2
129.7

8 67 11.4 87.0 64.1
139.8

9 7% 19.2 64.8 34.6
80.2

10 69 2.6 79.4 47.2
124.0

11 59 8.5 68.5 33.3
93.2

12 77 4.2 97.9 54.0
1 47.8

13 5% 7.6 71.4 36.5
100.3

. 11I.4 i 11.6 83.2 34.0
105.5

15 63 3.2 87.2 55.8
139.8

16 65 5.1 72.0 37.2
104.1

17 51 -.4 87.1 49.2
136.7

18 73 16.3 75.0 50.3
109.0

19 57 2.2 84.8 55.6
138.2

20 54 7.8 85.5 90.6
168.4

21 74 6.2 81.3 75.1
150.2

22 49 1.3 86.5 22.1
107.3

@YAP. )
rn.5)
2.9

83.7
-2.2
123.7

2.7
113.6
-1.5
161.6
-6.2
196.2
-4.9
134.8
-.7

160.8
5.6

107.5
-4.7
170.1
-1.4
147.7
-9.8
185.5
-2.6
123.4

-. 2
115.4

1.5
192.6

(RUN-
OFF)
66.1

70.5

74.2

76.2

77.4

75.8

81.7

70.7

73.3

71.0

68.8

65.9

61.1

83.2

67.6

75.0

67.6

77.1

79.7

97.8

94.8

81.9

-2.4
133.4
-5.3
174.3
-4.3
126.9
-.4

162.9
1.6

141.0
-2.5
191.5
-1.5.
181.8
-3.2
173.3

(A(.%
CIP.)
20.6

51.0

42.1

84.0

112.6

54.1

78.4

42.4

92.1

75.4

106.9

54.9

54.1

110.9

63.4

94.0

55.0

85.4

62.9

91.2

85.5

88.3

(EVAP.)
(NBS)
-5.1
165.3
-8.4
118.7
-7.2

(RUN-
OFF)
58.3

148.2
-7.8
141.9
-9.,o
126.7
-22.0
198.5
-4.3
120.4
-13.8
187.2
-9.0
148.2
-5.2
156.8
-7.6
160.7
-5.5
160.9
-5.7
172.8

50.6

65.8

60.2

59.4

60.4

65.6

68.6

57.3

66.2

62.0

46.5

67.6

73.6

68.4

69.3

61.6

69.7

73.0

76.9

75.3

60.9

-7.9
157.3
-16.1
189.7
-5.5
148.5
-12.6
182.2
-17.1
191.7
-10.0
194.8
-9.0
170.0
-11.9s
174.8
-15.0
182.8

(PRE-
CIP.)
102.0

59.7

75.2

73.9

5%. 2

116.1

50.5

104.7

81.9

85.3

91.1

109.0

99.5

75.8

105.3

73.7

108.0

105.0

111.8

84.1

87.5

106.9

(EVAP . )
ms,
-9.4
116.0
-10.5
186.2
-13.4
147.3
-18.0
137.7
10.3

104.5
-23.7
127.4
-16.6
135.5
-12.7
125.3

48.6

45.5

46.2

40.4

37.7

45.7

49.4

47.7

55.9

-9.8
176.3
-10.5
149.0
-9.1
138.9
-14.6
146.5
-21.4
192.1
-5.8
131.5
-13.4
125.6
-15.7
167.8
-19.7
153.3
-13.9
156.4
-19.6
163.6
-13.8
108.5
-16.6
152.8
-14.6
196.7

44.7

45.2

70.8

47.5

41.4

62.9

48.6

55.3

61.5

43.1

51.0

49.9

(PRE-
CIP.)
66.3

127.0

88.4

73.5

74.4

66.0

73.3

63.2

118.8

82.6

85.1

86.8

99.8

78.2

70.9

89.1

85.0

87.2

82.4

51.7

85.2

132.2

(RUN-
OFF,
40.3

(EVAP . 1 (RUN- (PRE-
(NBS) OFF) C1P.I

(EVAP.) (RUN- (PI(E-
OFF) CIP.)



23 70 7.0 70.3 63.6 -3.4 89.4 129.5 -5.2
126.9 222.3 150.8

24 55 -4.4 89.5 39.0 -3.0 87.0 125.6 -15.1
132.9 215.6 155.8

25 60 2.8 97.7 107.3 -5.2 97.3 83.2 -6.0
202.3 185.7 157.8

26 52 0.0 89.6 46.9 -3.7 70.4 50.7 -10.2
136.5 124.9 186.6

27 50 26.4 53.3 71.2 -4.7 135.3 101.0 -8.1
9%. 1” 241.0 194.9

2% 64 4.7 94.4 75.7 -3.6 92.3 108.8 -6.4
165.4 204.7 213.0

29 53 12.1 78.0 56.3 -4.3 73.6 97.1 -11.9
122.2 175.0 226.4

30 68 4.3 95.7 95.4 -2.3 78.6 62.4 -8.8
186.9 143.3 233.9

FIRST 5 (“SOLE)  llONTS(S)

@YAP.) (RUN- (PRE- (EVAP.)  (RUN- (PRE- (SVAP.)
NO W (NBS) OFF) CIP.) @IRS) OFF) CIP.)  (NBS)
1 76 3.6 81.8 43.5 2.9 66.1 20.6 -5.1

121.6 83.7 165.3
2 75 26.5 70.6 39.7 -4.9 75.8 54.1 -22.0

83.7 134.8 198.5
3 61 8.9 81.4 57.2 -.7 81.7 78.4 -4.3

129.7 160.8 120.4
4 56 18.6 63.4 48.7 -1.5 76.2 84.0 -7.8

93.5 161.6 141.9
5 71 11.6 83.2 34.0 1.5 83.2 110.9 -7.9

105.5 192.6 157.3
6 72 17.6 69.0 2%. 7 -2.2 70.5 51.0 -8.4

80.1 123.7 118.7
7 67 11.4 87.0 64.1 5.6 70.7 42.4 -13.8

139.8 107.5 187.2
8 66 9.8 73.0 51.0 2.7 74.2 42. 1 -7.2

114.3 113.6 148.2
9 62 9.6 70.6 53.1 -6.2 77.4 112.6 -9.0

114.1 196.2 126.7
10 63 3.2 87.2 55.8 -2.4 67.6 63.4 -16.1

139.8 133.4 189.7
11 69 2.6 79.4 47.2 -1.4 71.0 75.4 -5.2

124.0 147.7 156.8
12 57 2.2 84.8 55.6 1.6 79.7 62.9 -10.0

138.2 141.0 194.8
13 65 5.1 72.0 37.2 -5.3 75.0 94.0 -5.5

104.1 174.3 148.5
14 78 19.2 64.8 34.6 -4.7 73.3 92.1 -9.0

80.2 170.1 148.2L ,._ --,- ,” -, .-ll-_.--.--

75.0 70.6 -14.5
161.5

77.2 63.5 -21.5
161.8

75.6 76.2 -15.2
128.3

66.3 110.1 -12.9
236.7

80.4 106.3 -12.7
171.5

85.9 120.7 -12.2
126.6

%%,l 126.3 -18.5
200.6

90.1 135.0 -10.4
219.8

(RUN- (PRE- (EVAP.)
OFF) CIP.) (NBS)
58.3 102.0 -9.4

116.0
60.4 116.1 -23.7

127.4
65.6 50.5 -16.6

135.5
60.2 73.9 -18.0

137.7
73.6 75.8 -5.8

131.5
50.6 59.7 -10.5

186.2
68.6 104.7 -12.7

125.3
65.8 75.2 -13.4

147.3
59.4 58.2 10.3

104.5
68.4 105.3 -13.4

125.6
66.2 85.3 -10.5

149.0
73.0 111.8 -19.6

163.6
69.3 73.7 -15.7

167.8
57.3 81.9 -9.8

176.3

48.7 98.3

40.1 100.3

51.9 61.2

63.1 160.7

61.4 97.4

52.9 61.5

66.5 115.5

75.9 133.5

(RUN- (PXE-
OFF) CIP.)
40.3 66.3

37.7 66.0

45.7 73.3

46.2 73.5

47.5 78.2

48.6 127.0

49.4 63.2

45.5 88.4

40.4 74.4

41.4 70.9

55.9 82.6

61.5 82.4

62.9 89.1

47.7 118.8

(EVAP.)
(NBS)
2.6
71.9

8:::
.l

91.0
-11.1
128.6

7.5
85.4
-6.5
177.7

3.7
127.9
-4.9
167.3
-4.7
155.0
-1.1
112.4
-1.5
129.5

.5
76. 1
-3.4
129.5

9
162.6

(RUN-
OFF)
32.5

29.3

34.5

34.6

35.5

48.4

42.7

4%. 9

41.0

39.3

42.8

33.9

41.7

44.8

(we- (EVAP.)  (RUN- me-
CIP.) (NBS) OFF) CIP.)
42.0

55.0

56.6

82.9

57.4

122.8

89.0

113.5

109.3

71.9

85.2

42.7

84.4

116.9



15 58 7.6 71.4 36.5 -.2 61.1 54.1 -5.7 67.6 99.5 -21.4 70.8 99.8 -6.8 44.2 108.1

100.3 115.4 172.8
16 77 4.2 97.9 54.0 -2.6 65.9 54.9 -5.5 46.5

147.8 123.4 160.9
17 70 7.0 70.3 63.6 -3.4 89.4 129.5 -5.2 75.0

126.9 222.3 150.8
18 51 -.4 87.1 49.2 -4.3 67.6 55.0 -12.6 61.6

136.7 126.9 182.2
19 54 7.8 85.5 90.6 -2.5 97.8 91.2 -9.0 76.9

168.4 191.5 170.0
20 49 1.3 86.5 22.1 -3.2 81.9 88.3 -15.0 60.9

107.3 173.3 182.8
21 59 8.5 68.5 33.3 -9.8 68.8 106.9 -7.6 62.0

93.2 185.5 160.7
22 73 lb.3 75.0 50.3 -.I 77.1 85.4 -17.1 69.7

109.0
23 60 2.8 97.7 107.3

202.3
24 55 -4.4 89.5 39.0

132.9
25 50 26.4 53.3 71.2

162.9 191.7 156.4
-5.2 97.3 83.2 -6.0 75.6 76.2 -15.2 51.9 ~~
185.7 157.8 128.3 129.7
-3.0 87.0 125.6 -15.1 77.2 63.5 -21.5 40.1 100.3 -9.1 37.7
215.6 155.8
-4.7 135.3 101.0 -8.1 80.4

192.1 159.1
109.0 -14.6 45.2 86.8 7.2 40.3 133.1

146.5 166.2
70.6 -14.5 48.7 98.3 .3 33.2 55.5

161.5 88.4
108.0 -19.7 48.6 85.0 -9.6 37.6 108.0

153.3 155.2
84.1 -13.8 43.1 51.7 -3.5 39.1 75.6

108.5 118.3
106.9 -14.6 49.9 132.2 -9.0 37.2 60.0

196.7 106.1
91.1 -9.1 44.7 85.1 -15.3 42.0 137.2

138.9 194.5
105.0 -13.9 55.3 87.2 -7.8 48.3 107.4

163.5
61.2 -12.2 40.8 76.6

98.3
161.8 145.0

106.3 -12.7 61.4 97.4 -.9 42.2 67.2
98.1 241.0 194.9 171.5 110.3

26 52 0.0 89.6 46.9 -3.7 70.4 50.7 -10.2 66.3 110.1 -12.9 63.1 160.7 -12.4 41.4 90.9

mN 136.5 124.9 186.6 236.7. 144.7
w 27 74 6.2 81.3 75.1 -1.5 94.8 85.5 -11.9 75.3 87.5 -16.6 51.0 85.2 -8.2 48.0 130.0

150.2 181.8 174.8 152.8 186.2
28 64 4.7 94.4 75.7 -3.6 92.3 108.8 -6.4 85.9 120.7 -12.2 52.9 61.5 -2.2 49.3 119.3

165.4 204.7 213.0 126.6 170.8
29 53 12.1 78.0 56.3 -4.3 73.6 97.1 -11.9 88.1 126.3 -18.5 66.5 115.5 -9.7 51.9 117.9

122.2 175.0 226.4 200.6 179.5
30 68 4.3 95.7 95.4 -2.3 78.6 62.4 -8.8 90.1 135.0 -10.4 75.9 133.5 -9.2 52.0 80.5

186.9 143.3 233.9 219.8 141.7

PIRST 6 (WOLE) MONTH(S)

(EVAP.)  (RUN- (pm- (EVAP.) (RUN- (WE- (EVAP.) (RUN- (FRE- (EVAP.)  (RUN- (PaE- (EVAP.) (RUN- WE- WA P.) (RUN- (PRE-

NO YR (NBS, OFF) CIP.) (NBS) OFF) CIP.) (NBS) OFF) CIP.) (NBS) OFF) CIP.) (NBS) OFF) CIP.) (NBS) OFF) CIP.:I
1 76 3.6 81.8 43.5 2.9 66.1 20.6 -5.1 58.3 102.0 -9.4 40.3 66.3 2.6 32.5 42.0 58.3 27.2 47.7

121.6 83.7 165.3 116.0 71.9 16.6
2 75 26.5 70.6 39.7 -4.9 75.8 54.1 -22.0 60.4 116.1 -23.7 37.7 66.0 2.5 29.3 55.0 57.1 34.6 78.3

83.7 134.8 198.5 127.4 81.8 55.8
3 67 11.4 87.0 64.1 5.6 70.7 42.4 -13.8 68.6 104.7 -12.7 49.4 63.2 3.7 42.7 89.0 38.5 30.1 32.6

139.8 107.5 187.2 125.3 127.9 24.2
4 66 9.8 73.0 51.0 2.7 74.2 42. 1 -7.2 65.8 75.2 -13.4 45.5 88.4 -4.9 48.9 113.5 47.4 31.0 47.2

114.3 113.6 148.2 147.3 167.3 30.8
5 56 18.6 63.4 48.7 -1.5 76.2 84.0 -7.8 60.2 73*g ;:z 46.2 73.5 -11.1 34.6 82.9 23.9 33.5 66.0

93.5 161.6 141.9 128.6 75.6



6 61 8.9 81.4 57.2 -*7 SK7 7R.L -6.3 65.6 50.5 -16.6 45.7 73.3 .I 34.5 56.6 40.0 40.7 107.4
135.5 91.0 108.1

c 1 -I” < << (1 RT.6 -1.5 62.8 85.2 77.5 37.0 88.5
‘B.0

I.., ,-.- ..-

129.7 160.8 120.4
7 69 2.6 79.4 47.2 -1.4 71.” 75.6 -5.2 66.2 8,., -.Y.~ --._ __._ _._ .

5h.R 149.”
”

130 5

58.2 10.
.^_

124.0
9.6

114.1
11.6

8 62

9 71

10 63

11 72

12 7%

13 57

14 49

15 73

16 70

17 54

18 65

19 5%

20 60

21 55

22 50

23 77

24 52

25 74

70.6

83.2

87.2

69.0

64.8

84.8

86.5

75.0

70.3

85.5

72.0

71.4

97.7

89.5

53.3

97.9

89.6

81.3

147.7
-6.2
196.2

1.5
192.6
-2.4
133.4
-2.2
123.7
-4.7
170.1

1.6

53.1

34.0

55.8

28.7

34.6

55.6

22.1

50.3

63.6

90.6

37.2

36.5

107.3

39.0

71.2

54.0

46.9

75.1

.._

77.4

83.2

67.6

70.5

73.3

79.7

81.9

77.1

89.4

97.8

75.0

61.1

97.3

87.0

135.3

65.9

70.4

94.8

I--.-
-9.0
126.7
-7.9
157.3
-16.1
189.7
-8.4
118.7
-9.0

59.4

73.6

68.4

50.6

57.3

73.0

60.9

69.7

75.0

3
I”% 5
-5.8

..,.*
-4.7
155.0

105.5
3.2

139.8
17.6
80.1

7.5
85.4

49.6
6%. 1
28.5

-1.1
112.4
-6.5
177.7
-.9

162.6
.5

76.1
-9.0
106.1
-7.8

108.8
10.6
81.8

19.2
80.2
2.2

138.2
1.3

107.3
16.3

109.0
7.0

126.9
7.8

168.4
5.1

104.1
7.6

100.3
2.8

202.3
-4.4
132.9
26.4
98.1
4.2

147.8
0.0

136.5
6.2

150.2

141.0
-3.2
173.3

148.2
-10.0
194.8

-.4
162.9
-3.4
222.3
-2.5
191.5
-5.3

-15.0
182.8

49.5
99.0
26.5
77.2
42.8
116.4
24.2
85.4

-17.1
191.7
-5.2
150.8
-9.0
170.0

163.5
-3

88.4

54.2
75.9
51.7
117.1

9.2
120.8

174.3
-. 2

115.4
-5.2
185.7
-3.0
215.6
-4.7
241.0
-2.6
123.4
-3.7
124.9
-1.5
181.8

112.6

110.9

63.4

51.0

92.1

62.9

88.3

85.4

129.5

91.2

94.0

54.1

83.2

125.6

101.0

54.9

50.7

85.5

-5.5
148.5
-5.7
172.8
-6.0

41.1
155.1
4.2

157.8
-15.1
155.8
-8.1

76.9

69.3

67.6

75.6

77.2

80.4

46.5

66.3

75.3

194.9
-5.5
160.9

75.8

105.3

59.7

81.9

111.8

106.9

105.0

70.6

84.1

73.7

99.5

76.2

63.5

106.3

109.0

110.1

87.5

131.5
-13.4
125.6
-10.5
186.2
-9.8
176.3
-19.6
163.6
-14.6
196.7
-13.9
156.4
-14.5
161.5
-13.8
10%. 5
-15.7
167.8
-21.4
192.1
-15.2
128.3
-21.5
161.8
-12.7
171.5
-14.6
146.5
-12.9
236.7
-16.6
152.8

40.4

47.5

41.4

4%. 6

47.7

61.5

49.9

55.3

48.7

43.1

62.9

70.8

51.9

40.1

61.4

45.2

63. 1

51.0

74.4

78.2

70.9

127.0

118.8

82.4

132.2

87.2

98.3

51.7

89.1

99.8

61.2

100.3

97.4

86.8

160.7

85.2

-3.5
118.3
-3.4
129.5
-6.8
159.1
-12.2
129.7
-9.1
145.0
-.9

110.3
7.2

166.2
-12.4
144.7
-8.2
186.2

41.0

35.5

39.3

48.4

44.8

33.9

37.2

48.3

33.2

39.1

41.7

44.2

40.8

37.7

42.2

40.3

41.4

48.0

109.3

57.4

71.9

122.8

116.9

42.7

60.0

107.4

55.5

75.6

84.4

10%. 1

76.6

98.3

67.2

133.1

90.9

130.0

39.3

32.4

30.9

43.7

36.5

49.8

34.5

40.9

45.2

37.4

51.9

54.2

38.4

39.1

36.9

67.1

34.8

45.7

142.9
33.4
79.9
38.0
88.6
-.3

87.4
33.7

158.4
-10.2
186.6
-11.9
17L.R

-4.5
82.1
57.9
69.0

78.3

104.8

61.5

104.8

67.2

109.4

75.2

89.2

123.6

92.6

144.3

92.9

74.9

87.5

50.3

125.0

42.7

81.3

26 59 983:: co c 1111 3 n 0 68.8
00.cl  J.7.3  -7.0

106.9 -7.6 62.0 91.1 -9.1 44.7 85.1 -15.3 42.0 137.2 10.6 43.4 121.9
185.5 160.7 138.9 194.5 154.7

27 51 -.4 117~1 ‘0.7 -1.1 ‘- ’_.i 01.0 55.0 -12.6 61.6 108.0 -19.7 48.6 85.0 -9.6 37.6 108.0 10.8 58.1 128.6-.._ _.._
136.7 126.9 IR?., 153.3 155.2 175.9_--.-

28 53 12.1 78.0 56.3 -4.3 73.6 97.1 -11.9 88.1 126.3 -18.5 66.5 115.5 -9.7 51.9 117.9 49.3 37.9 81.0
122.2 175.0 226.4 200.6 179.5 69.5

29 64 4.7 94.4 75.7 -3.6 92.3 108.8 -6.4 85.9 120.7 -12.2 52.9 61.5 -2.2 49.3 119.3 25.1 49.7 112.1
165.4 204.7 213.0 126.6 170.8 136.7

30 68 4.3 95.7 95.4 -2.3 78.6 62.4 -8.8 90.1 135.0 -10.4 75.9 133.5 -9.2 52.0 80.5 15.0 49.9 98.7
186.9 143.3 233.9 219.8 141.7 133.6


