BASINS/HSPF Training Exercises

Exercise 6 - WinHSPF Hydrology Calibration

BASINS/HSPF Application Steps
Study ; ; Parameter Hydrologic W ater Quality ) .
Definition/Modeling )) | oo e DA\ b elopment/Model ) calibration/ Calibration/ Scenario Analysis
Management . . ey
Strategy Setup Validation Validation

The goal of calibration is to “tune” the model so that the simulated flow resembles the
observed flow data as closely as possible. This is accomplished by adjusting various input
parameters within WinHSPF. In this computer discussion, we will discuss many of the key
calibration parameters. The most important thing to remember is that the estimated values of
each parameter should be realistic and make physical sense.

Appendix B explains some of the important site-specific parameters that need to be entered into
WIinHSPF before calibrating the hydrology. This information includes F-tables, local weather
data, and topography information. In order to save time, we have entered these inputs for the
West Branch Patuxent model. We will open and use an updated project for this exercise.

Before we begin calibrating, we will run the input file (*.uci) that contains the updated site-
specific information. After we have looked at the simulated flow output, we will adjust the
values of some important calibration parameters and look at how those changes affect the
simulated flow.

A. Before Calibration

1. If WinHSPF isn’t open, from the Start menu under Programs, select BASINS and
then WinHSPF.

u

2. Click =] (Open File).

3. Navigate to c:\basins\modelout\Man_Cal and select “hyd_man.” Click OPEN.

The best way to begin the calibration process is to look at the annual total runoff volume
error. In this section, we will compare the total annual simulated flow volumes to the total
annual observed flow volumes. In the following steps, we will specify that we want the total
annual simulated flow to be printed to the output file. We will compare these volumes to the
observed flow volumes.

4. Click H (Input Data Editor).

S. Double click RCHRES - GENERAL - PRINT-INFO.
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7.

¥ Edit RCHRES:PRINT-INFO oy [m] 5|

v Show Description

Ophum| Description | HYDRPR| ADCAPR| CONSPR| HEATPR| SEDPR| GOLPR| 0xRxPR| NUTRPR| PL
1 Western Branch Patus 4 4 4 4 4 4 4 4

5 Wwestern Branch Patus 4 4 4 4 4 4

4 South Reach, Westem 4 4 4 4 4 4 4 4

3 Saouth Collington Bra 4 4 4 4 4 4 4 4

2 Southwest Branch 'Wes 4 4 4 4 4 4 4 4

[ Morth Callington Bra 4 4 4 4 4 4 4 4

o | i
Tabhle: PRINT-INFO, Table of printout lewel flags for BECHERES. HSPF permits the &

user to wary the prin frequency) for the warious actiwe sectio £ means every
PIVL interwvals, 2 meahns e ewery month, 5 means every ¥ear, & means
Parameter: Printout lewvel for section HYDER.

*** RCHRES Printout lewel flags LI

oK | LCancel

Apply | Help |

Note: Inthe “PRINT-INFO” screen, you can specify which output will be printed to

the output file (man_cal.out). You can also specify the print frequency for
each reach and constituent. We want to look at the annual total simulated

volumes for Reach 5. Since we are modeling only hydrology in this exercise,
we need to specify the print frequency for only the column “HYDRPR.”

In the cell that corresponds to the column “HYDRPR” and Reach 5 (Western Branch
Patuxent), change the value to “5.” Change the rest of the values in the “HYDRPR”
column to “6.”

Note: A value of 5 means that the total flow volumes for Reach 5 will be printed for

each year. The total volumes for the other reaches will not be printed to the
output file. Your screen should look like the following:

2 Edit RCHRES:PRINT-INFO - ol x|

v Show Description

DpHum| Descriptian | HYDRPR| ADCAPR| CONSPR| HEATPR| SEDPR| GALPR| D%Rx<PR| HUTRPR| PL
1 whestern Branch Patux ] 4 4 4 4 4 4 4

2 Southwest Branch wes E 4 4 4 4 4 4 4

3 South Collington Bra E 4 4 4 4 4 4 4

4 South Reach, Westemn 3 4 4 4 4 4 4 4

5 YWhestern Branch Patus 5 4 4 4 4 4 4 4

B Marth Collington Era B 4 4 4 4 4 4 4
1 i
Tahle: PRINT-INFO, Table of printout level flags for RCHRES. HSPF permits the j
user Lo wvary the prin fregquency) for the warious active sectic £ means every
PIVL interwals, 2 means & every mwonth, § means ewvery year, & means

Parameter: PYBREND is the calendar month which will terminate the year for
printout purposes. Thus, the antual summary can reflect the situation over the
past wrater Year or the past calendar year, eto. j

. 0K | Cancel

Apply | Help |

Scroll to the right until you see the “PYREND” column. Click in the first cell in this



BASINS/HSPF Training Exercises

column. Change the value to “12” and double click the column heading to copy the
values to the rest of the column.

Note: By assigning “PYREND” a value of “12,” we are specifying that the year will
end in December. In other words, the total flow will be printed each year for
January 1 to December 31. If you specified “10” as the value for “PYREND,”
the total flow for November 1 to October 31 of the next year would be printed
in the output file.

8. Click APPLY.
9. Click OK.

10.  Click CLOSE.

11.  Click = (Run HSPF).

i_ Confirm Save UCI x|

Changes have been made since your last Save.

Do you want to save these changes?

LCancel |

12.  Click SAVE/RUN. The following window will appear, indicating that HSPF is

executing.
= onoer =100 x|
Executing
MHow 42 Complete
Pauze Cancel Dutput |

13.  Click m (View Output through GENSCN).

14.  Click the “HSPF Output” tab.
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15.

16.

17.

18.

19.

20.

21.

" GenScn Initialization from BASING -0l x|

Overview ket Data PLTGEM ST Output | HSPF Out ut Obz Wil Data )
p

[~ C:ABASINS\modeloutihpd _out WDM
[~ C:ABASINS\modeloutiw branch.wdm

All | Mone | Browse |

Load Existing | oK | Lancel |

Check the box beside “c:\BASINS\modelout\hyd _out. WDM” and click OK. The
GenScn window will open.

In the “Scenarios” frame, select “HYD_MAN” and “OBSERVED.”

In the “Constituents” frame, select “FLOW.”

Click + (Add to Time-Series List).

In the “Time Series” frame, select the “hyd_man” and “observed” time series by
holding the shift key while selecting them. Your screen should look like this:

OBSERYED ATD-NH3
PT-0BS ATD-NO3
BOD
BOD, 5-D
CHL-a
CHLORINE
CLOUD
DEWPT
Do
FLOW
HPRECIP
NH3
NITRITE
NITROGEMN

NO3 |

— Time Senes [2 of 38)

+|—[%] :|+|+I_IE£.:.|£°.E|

File DSN 5 Lo ituent St

h I ||:|_ out | 100

Click 'Illl (Generate Graphs).

Check the boxes beside “Standard,” “Flow/Duration,” “Scatter (TS2 vs. TS1)” and
“45 deg/regress lines.”
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[ oraph -0 x|

Select dezired plots, then presz Generate.
Al |  Mone | [~ Multiple W@ Plots

[+ Standard
[~ Besidual [TS2 - TS1 vs. time)

[~ Cumulative Difference vz. time
I~ Bar Chart

v Flow/Duration

[~ Difference [TS2 - TS1] = TS1
¥ Scatter [T52 vz T51) [v 45

(= Current Period ) Storms

Generate Cancel

22.  Click GENERATE.

Note: When you click GENERATE, three plots will appear. The “Scatter” plot will
be in front and the “Standard” (flow) plot will be in back.

23. Click on the “Genscn Standard Plot” window.

o]

File Edit Wiew

R e o e e o I I B B B B

— H¥YD_MAN RCHS
3200 —

2400 |- -

FLOW

1600

a0

F o T & 0O IDIF 4 T & 0O DN F & T &4 0O D
1986 1987 1988
Anabysic Plot for FLOW

Notice the difference between the observed (OBSERVED UPMARLBR) and
simulated (HYD_MAN RCH5) flow data. To look more closely at the difference, we
will look at a smaller range of flow values.

24, Move your cursor over the “FLOW?” axis and double click. The following window
will appear:
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| Graphedit 21 x|
Axes 1 Titles 1 Curver | Lines 1 General
— Time #-fis — Left v-aniz = Bight v -awiz = Auwilliany aviz
% Arithretic £ Arithrnetic Fraction of ' dsis:
" Logarithmic ) Loganthmic I v'I
[~ Grd [~ Grid | Girid
 ear Tics: I ) Tica: I 0 Tica: I 0
" Manth D ata Range: [rata Range: [rata Range:
& D Min: 013623812 b ir; b ir;
L M ax: 2045.722 M a: M a:
" Hour/Minute Auiz Scale Range: Auiz Scale Range: Ayiz Scale Range:
Min: i Min: i Min: i
M ax: A000 e 1 e 1
Apply (1] Cancel

. In the “Left Y-axis” frame under the “Axis

Genscn Standard Plot

=10l x|

F A I A O DIF A T A 0 D| F & T & 0 D

1357
Analyeic Plot for FLOW

1253

25. Make sure the “Axes” tab is selected
Scale Range,” change the “Max” to “400.”
26. Click APPLY.
27.  Click OK. Your plot should look like the following:
Eile Edit \iew
28. Close the “Genscn Standard Plot” window.
29.

Click on the “Genscn FLOW/Duration Plot” window.
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30.

31.

Genscn FLOW,/Duration Plot I [m] B

File Edit View

10000 ————— T T T
— UBSEEVED UPLLARLEE

1000

100

FLOW

10

01

0.5 2 5 10 o 30 A0 IO &0 Q0 Q5 g 0.5
Percent chance FLOW exceeded
Analysis Plot for FLOW

Note: This plot is a cumulative frequency plot. It shows how well the two series
correlate in frequency. For each frequency in the range from 0 to 100 percent
(X-axis), the flow that will be exceeded that percent of the time is plotted on
the Y-axis. ldeally, the two curves should be very similar. Notice that the
curves don’t match well at the tails - high flow points (over 100 cfs) and low
flow points (below10 cfs).

Close the “Genscn FLOW/Duration Plot” window.

Click on the “Genscn Scatter Plot” window. This plot shows the simulated flow
plotted against the observed flow. This graph is a good indicator as to how well the
model is calibrated. The closer the data comes to falling on a 45° angle line, the
better the two data sets match.

Genscn Scatter Plot ] |

Eile Edit Wiew

4000 .

S yo e+ s7m 7

300 - Com Coef= 0611 1
vy 2500
jas]

=2 2400
=

g 2000

11600
]

sl -
o 1200

1] 200 1600 2400 3200 4000
OBSERVED UPMARLEER

Scatter Plot (0B SERVED UPRMARLER we HYD _RAN FECHS)
for FLOW
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32.  Close the “Genscn Scatter Plot” window.

33.  Close GenScn. Do not save changes.

In the next section, we will begin the calibration process. We will adjust the values of some
parameters and ascertain the effects by re-running the model and viewing the results.

B. Total Runoff Volume Error — LZSN and UZSN

The best way to begin the hydrology calibration process is to examine the total runoff
volume error. This type of analysis should be performed for the following time periods:

e Annual
e Seasonal
e Monthly

e Storm periods

You can compute the total runoff volume error for a specific time period by estimating the
total volume of water passing through a reach according to the gage data (observed flow) and
comparing it to the output volume simulated by the WinHSPF model (simulated flow).

Volume =X Q*At

Once the simulated and observed volumes have been calculated and compared, you can
adjust the values of calibration parameters until the total annual simulated volumes are very
close to the total annual observed volumes. Losses in the watershed can be accounted for by
quantifying flow diversions, evapotranspiration losses, and losses due to deep percolation.
For this model, we will assume that we have accounted for all flow diversions and that losses
due to deep percolation are negligible. We will therefore assume that all losses are due to
evapotranspiration and adjust parameters that are associated with evapotranspiration.

LZSN (lower zone storage nominal) is related to precipitation and soil characteristics in the
watershed. Increasing the value of LZSN increases the amount of water stored in the lower
zone and therefore, increases the opportunity for evapotranspiration. This decreases flow
rates by providing greater opportunity for evapotranspiration. Decreasing the value of LZSN
increases flow rates in the reach.

UZSN (upper zone storage nominal) is related to land surface characteristics, topography,
and LZSN. This parameter can change over the course of a growing season. Increasing
UZSN increases the amount of water retained in the upper zone and available for
evapotranspiration, allowing less overland flow. Some suggestions for UZSN are (BASINS
Technical Note 6):
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. 0.06*LZSN - steep slopes and limited vegetation
. 0.08*LZSN — moderate slopes and vegetation
. 0.14*LZSN - mild slopes and heavy forest cover

Other parameters that may impact the error in total runoff are FOREST, PETMAX, PETMIN,
and DEEPFR. The following section is designed to illustrate how changes in LZSN and UZSN
affect the simulated stream flow hydrograph in WinHSPF.

Before we begin calibration, we will look at the output file, compare the total annual simulated
flow volumes to the total annual observed flow volumes, and determine whether our calibration
efforts should focus on increasing or decreasing the total annual simulated flow volume.
Annual Total Runoff Volume Error

1. Open Windows Explorer or My Computer (do not close WinHSPF).

2. Navigate to c:\basins\modelout\Man_Cal\ and double click “hyd_man.out.” Select

“WordPad” and click OK if asked with which program you would like to open the
file. The following window will open:

B hyd_man.out - WordPad o =1 B3
Fle Edt View Insert Format Help
O2(u| SR @) [wls-] )
8 =
REACH/HMIXED-RESERVOIR NO. 5 Western Branch Patux REPORT FOR PRINTOUT YERR ENDING
&% HYDR #7%
STATE VARIABLES VoL DEP STAGE AVDEP THID HRAD SAREL AWVEL AVSECT
ENTIRE REACH: AC-FT FT FT FT FT FT ACRES FT/S FT2
1.97 1.43 1.43 0.693 43.8 0.674 2,84 3.07 34,5
PUSTAR PTAU  OUTFLOW
FT/S LB/TT2 FT3/5
0.187 §.780E-02 106 Total
FLUXES TOTAL PRECTP fup Simulated
ENTIRE REACH: INFLOW Lpss  OUTFLOW £l f
VOLUMES  [AC-FT) VoL PRSUPY VOlEV ROVOL > Outflow for
4.373E+04 7.12 3\60 4.974E+04 Reach 5 in
BALANCE % ERROR IN  AC-FT 1986
0.000  4.574E+04
1 J
REACH/MIXED-RESERVOIR NO. 5 Uestern Branch Patux REPORT FOR PRINTOUT YEAR ENDING
#% HYDR #t+
STATE VARIABLES VoL bER STAGE AVDEP TUID HRAD SRREL AVVEL AVSECT
ENTIRE REACH: AC-FT FT FT FT FT FT ACRES FT/S FTz
1.48 1.24 1.24 0.591 43.9 0.576 z.50 z.88 z6.0
PUSTAR PTAU  OUTFLOW
FT/5 LE/FT2 FT3/8
0.173 5.792E-02 4.7
FLUES TOTAL PRECIP EVAP TOTAL
ENTIRE REACH: INFLOW LOSS  OUTFLOW
VOLUMES  [AC-FT) VoL PRSUPY VOLEV ROVOL
5.512E+04 §.00 5.09 5.512E+04 =
4| | _"_I
For Help, press Fi NOF

This file contains information for inflow and outflow volumes, precipitation, evaporation
losses, and other hydraulic characteristics.

As mentioned earlier, the best way to begin the calibration process is to look at the annual
total runoff volume error. In the following steps, we will compare the total annual simulated
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flow volumes to the total annual observed flow volumes. The total annual simulated flow
volumes (acre-ft) can be found in the output file hyd_man.out (shown above). They are
listed under the heading “TOTAL OUTFLOW ROVOL.” The project *.wdm file
(hyd_out.wdm) contains the daily observed flow data (cfs) for Reach 5. These data must be
converted to total annual flow volumes. In order to save time, this has already been done.
For conversion details, see Appendix C.

The following table shows the comparison of observed and simulated annual flow volumes
(acre-ft):

Simulated Observed Percent
Date Outflow Outflow Difference
1986 49,740 40,632 22.42
1987 55,120 53,264 3.48
1988 47,420 49,400 -4.01
Total 152,280 143,296 6.27

The error in total volume for the three-year time period is relatively good (within 10%). We
will adjust some parameters in order to bring the two values even closer. Since we are over
predicting flow volumes, we want to increase losses in the watershed. We will do this by
increasing the evapotranspiration loss. Close WordPad when you are done.

3. Click H (Data Editor).

4, Double click “PERLND,” then “PWATER,” and then “PWAT-PARM2.”

5. Click in the first cell in the column “LZSN” and enter “14.” Double click the column
heading to fill in the values for the rest of the column.

Note: According to BASINS Technical Note 6, the value of possible ranges for LZSN
is 2 to 15 inches. We are entering “14,” a number that is unrealistic for the
West Patuxent watershed, to illustrate how changing the value of LZSN will
affect the total runoff volumes.

Note: In normal modeling situations, you should vary the parameter as appropriate
by land use. For simplification purposes, we are using the same LZSN value
for all land uses, but this is not appropriate practice in actual model
application.

6-10



BASINS/HSPF Training

Exercises

10.

11.

12.

r

. Edit PERLND:PWAT-PARMZ

[v Show Description

OpMum | Description | FOREST| L=5M| INFILT| LSUR|  SLSUR|  kwaRy|  AGwWRC
10 Forest Land 0 14 026 300 003 0 096
102 [ithan or Built-up La 0 14 025 350 0032 ] 0.96
103 Agricultural Land 0 14 026 350 00324 ] 096
104 Baren Land 0 14 025 380 0.03 ] 096
105 Wwetlands 0 14 025 500 0.01 0 0.96

Click APPLY.

Click OK.

Click CLOSE.

Click 1 (Run).

Click SAVE/RUN.

Click mﬂ (View Output through GENSCN).

Follow steps 16-33 in Section A to look at the output. Your plots should look like
the following:

Genscn Standard Plot =[a x| Genscn FLOW/Duration Plot ]
Ble Edt View File Edit Yiew
e AL TT T T I T T T T T Iy 1oooe
—— DESERVED UPMARLER
320 4
1000 |
240 4
= =
g Q mE
Rt g =
wg
&n
0 ® 1
F 4o 1 4 0ol F a1 a 005 Fa 14 001 05 2 5 0 W 30 50 70 80 90 95 98 90s
1086 1087 1088 Percent chince FLOW exceeded
Analysis Plot for FLOW Salysie Plot for FLOW
Genscn Scatter Plot —1al x|

Fle Edt View

Y= 0625K+ 7380
Cor Cosf= 0589

0 200 600 -1
DEBSERVED UPMARLER

Scatter Dot (OB SERVED UPMARLER v HYD_MAH RCHS)
for FLOW

1200

1500
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13. Close all of the plot windows.

14.  Close the “Generate Plots” window.
15.  Close GenScn. Do not save changes.
16.  Open “Windows Explorer” or “My Computer.”

17. Navigate to c:\basins\modelout\Man_Cal\ and double click “hyd_man.out.” Look at
the modified annual flows. The updated comparison of annual flow volumes (acre-ft)

is as follows:

Simulated Observed Percent
Date Outflow Outflow Difference
1986 29,920 40,632 -26.36
1987 40,050 53,264 -24.81
1988 35,680 49,400 -27.77
Total 105,650 143,296 -26.27

Overall, there is a 26.27% difference between annual simulated and observed flow volumes.
Before we adjusted the value of LZSN, the simulated flow was too high; now it is too low.
This means we increased the value of LZSN too much. We will decrease the value.

18. Click H (Data Editor).

19. Double click PERLND, PWATER, and then PWAT - PARM 2 (PERLND >
PWATER - PWAT-PARM 2).

20.  Change each value in the “LZSN” column to “5.”
21.  Click APPLY.
22.  Click OK.

23.  Click CLOSE.

24.  Click 1 (Run).

25. Click SAVE/RUN.

26.  Click m (View Output through GENSCN).

217, Follow steps 16-33 in Section A to view the output in GenScn. The GenScn plots
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should look like the following:

Genscn Standard Plot [ ] 3] Genscn FLOW/Duration Plot w3
Eile Edit Wiew Eile Edit Yiew
0 T rrrrrrr1r T T LI 1T LN LU 10000
-7 HYD_MAN RCHS
320 i wo0p = Y
e -
0 [
240 i e
=
£ = =
<} q wF
) g =
- sy
T
a0 s
01l 1
0 & 001
F a 14 o0o0oplrasta ooplrFra s a oo 05 2 5 0 W 30 0 7 30 90 85 98 895
1986 1087 1088 Percent chance FLOW exceedsd
Bebysic Plot for FLOW Salysie Plot for FLOW
Genscn Scatter Plok =13 x|

Eile Edit Wiew

V=079 M+ TH00
1500 Cor Cosf= 0613

i 1 1 1
[i a0 é 800 1200 1600 2000
EBSERVED UPMARLER:

Scatter Plot (OBSERVED UPMARLER. ve HYD_WAHN RCHS)
for FLOW

If you wish, you can open and view the output file (hyd_man.out). The updated comparison
of annual flow volumes(acre-ft) is as follows:

Simulated Observed Percent
Date Outflow Outflow Difference
1986 46,720 40,632 14.98
1987 51,760 53,264 -2.82
1988 44,640 49,400 -9.64
Total 143,120 143,296 -0.12

The overall total runoff volume error is 0.12%. This is very good, so we will move on to the
seasonal volume error. We will look at the winter (December — February) water volumes
and summer (June — August) water volumes.

Seasonal Statistics
Before we adjust any parameter values, we will look at the current seasonal statistics. In
order to look at the statistics for the summer months and winter months, we need to change

the output print frequency to “months.”

28. In the WinHSPF Data Editor window, double click RCHRES = GENERAL =
PRINT-INFO.
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29. In the “HYDRPR” column, change the value that corresponds to Reach 5 to “4.”
This specifies that we would like to see the monthly results for Reach 5 in the output
file (see parameter definition near the bottom of the Data Editor window). Leave all
other values at 6.

30.  Click APPLY.
31.  Click OK.

32.  Click CLOSE.

33.  Click 1 (Run).

34. Using My Computer or Windows Explorer, open “hyd_man.out.” Scroll through the
file. Notice that the file includes both total monthly volumes and total annual
volumes.

1
RELCH/MIXED-RESERVOIR MNO. 5 Western Branch Patux REFCORT FOR MCONTH

#%% HYDR *#®%

STATE VARIAEBLES VoL DEFP STAGE AVDEP TWID HRAD SAREL AVVEL AVSECT
ENTIRE REACH: AC-FT FT FT FT FT FT ACRES FT/S FTz2
1.56 1.27 1.27 0.607 45.0 0.531 Z.57 2.90 27.3
PUSTAR PTAD CUTFLOW
FT/5 LE/FTZ FT3/3
0.175 5.941E-02 9.3
FLUXES TOTAL FRECIP EVAP TOTAL
ENTIEE REACH: INFLOW Logs OUTFLOW
WOLUMES [AC-FT) IVOL PRSUPY VOLEV ROVOL
4.551E+403 0.475 0.133 4.855E+03
BALLLNCE % ERROR IN AC-FT

0.ooo 4,856E+03
1

REACH/MIXED-RESERVOIR NO. S Western Branch Patux REFORT FOR MONTH

#%% HYDR ##+

STATE VARIAELES VoL DEP STAGE AVDEP TWID HRAD SAREL AVVEL AVSECT
ENTIRE RELCH: LC-FT FT FT FT FT FT LCRES FT/S FTz
1.78 1.36 1.36 0. 649 45.2 0.632 2.758 2.968 31.3

FUSTAR FTAD CUTFLOW

FT/3 LB/FTZ FT3/%

0.181 6.361E-02 9z.7

In previous steps, we looked at the annual volume error and adjusted the value of LZSN so
that the simulated flow volumes would more closely resemble the observed flow volumes.
We will now look at the winter and summer flow volumes (acre-ft). The following table
shows the seasonal statistics:
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Year Month Sim. Flow Obs. Flow 9% Diff. Month Sim. Flow Obs. Flow
1986 January 4,855 June 607
February 8,719 July 1,959
August 2,785
Winter: 13,574 10,181 33.33 Summer: 5,351 5,188
December 14,210 June 3,114
1987 January 10,990 July 1,197
February 4,802 August 921
Winter: 30,002 25,517 17.58 Summer: 5,232 4,273
December 6,169 June 1,515
1988 January 7,838 July 1,791
February 8,914 August 1,603
Winter: 22,921 22,076 3.83 Summer: 4,909 5,428
Total Winter: 66,497 57,775 15.10 Total Summer: 15492 14,889

% Diff.

3.14

22.44

-9.56

4.05

Notice that there is a 4.05% difference between the total observed and total simulated flow
volumes for summer, but there is a 15.10% difference for winter flows.

In general, the upper zone storage is near capacity in the winter and there is little
evapotranspiration occurring so the value of the nominal storage (UZSN) has a minimal
effect in winter, but a much larger effect during summer when losses from the upper zone
storage are at or near the potential due to high evapotranspiration rates. In the case of this
exercise, the summer flows are almost entirely dominated by base flow, so the upper zone
storage (which is controlled by UZSN) is empty the majority of the time, even during
summer storm events. To move forward with this exercise, we will raise UZSN for the non-
agricultural land uses.

Note that because VUZFG is 1 for PERLND 103 (agricultural land), the values of UZSN
actually being used for agricultural land are in the table MON-UZSN. Thus changing the
values of UZSN in the table PWAT-PARMA4 affects only the non-agricultural land uses.

35.  Click the “Data Input Manager” button, H

36. Double click PERLND - PWATER > PWAT-PARM4.
37.  Change all the values in the “UZSN” column to “1.8.”
38. Click APPLY.

39.  Click OK.

40.  Click CLOSE.
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41.

=1

Click

(Run).

The winter and summer statistics is as follows:

Year
1986

1987

1988

Month
January
February

Winter:

December
January
February
Winter:

December
January
February
Winter:

Total Winter:

Sim. Flow Obs. Flow

4,633
7,322

11,955

12,460
10,370
4,851
27,681

5,640
7,253
8,449
21,342

60,978

10,181

25,517

22,076

57,775

% Diff.

17.42

8.48

-3.32

5.54

Month
June
July
August
Summer:

June
July
August
Summer:

June
July
August
Summer:

Total Summer:

Sim. Flow Obs. Flow

608
1,960
2,782
5,350

3,044
1,195
928
5,167

1,474
1,787
1,605
4,866

15,383

5,188

4,273

5,428

14,889

% Diff.

3.12

20.92

-10.35

3.32

The total summer difference has only changed slightly (from 4.05% to 3.32%), but the total

winter difference is down to 5.54 %. This percent difference is good enough for our
purposes. In our simulation, we increased evapotranspiration significantly for the winter

months. Since this will surely have an effect on the annual statistics, we will look at the total

annual flow volumes (acre-ft) for this simulation. They are as follows:

Simulated Observed Percent
Date Outflow Outflow Difference
1986 42,620 40,632 4.89
1987 49,790 53,264 -6.52
1988 42,990 49,400 -12.98
Total 135,400 143,296 -5.51

This is acceptable, since the total percent difference is still lower than 10%.

The next step is to complete statistics for each month and adjust parameters as needed. It is
possible to have monthly values for many of the parameters. After the monthly statistics, it

IS best to look at the storm statistics. You can complete the monthly comparison and the

storm comparison by using the method outlined above. In order to save time, we will move

on to high and low flows.
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C. Soil Moisture Storage and Actual Evapotranspiration (High and Low
Flows) — INFILT and LZETP

Soil moisture storage is important because it controls the division between surface and
subsurface flow (Hydrologic Journal) and affects the timing of the runoff and statistics.

INFILT is an index to mean soil infiltration rate. It is a function of soil characteristics and
controls how much of the water from precipitation will become surface flow, subsurface
flow, and a portion of the storage components. Increasing the value of INFILT produces
more water in the lower zone and therefore, generally results in higher base flow in the
streams. Low values of INFILT will produce more upper zone and interflow storage water,
resulting in greater direct overland flow (if the upper zone is saturated) and interflow
(BASINS Technical Note 6). INFILT is closely related to LZSN, UZSN, AGWRC, IRC, and
KVARY, since the value of INFILT will determine the allocation of water in the soil profile.

LZETP (index to lower zone evapotranspiration) is a coefficient (unitless) used to define the
opportunity for evapotranspiration. It affects the amount of evapotranspiration from the
lower zone, which represents the primary soil moisture storage and root zone of the soil
profile. This parameter behaves like a crop coefficient (BASINS Technical Note 6).

We are going to view the output from the last run in GenScn. Look at the peak flows and
base flows and try to determine whether there are any patterns.

1. Make sure “hyd_man.uci” is active in WinHSPF

2. Click the “View Output Through GenScn” button, m

3. In the “Scenarios” frame, select “HYD_MAN” and “OBSERVED.”

4, In the “Constituents” frame, select “FLOW.”

5. Click + (Add to Time-Series List).

6. In the “Time Series” frame, select the “hyd_man” and “observed” time series by
holding the shift key while selecting them.

Time Sernies [2 of 38)

+|—|%| tI+I+I_IIE£.=.|£’.E|

File D5 | Scen Lu:ncatu:nn Eonstltuent St

hpd_out| 100

7. In order to see patterns more clearly, we will look at the flow plot for only one year.
In the “Dates” frame, change the “Start” date to “01-01-1988.”
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Dates
Reset | Start ~ End TStep. Units

Cument [1328] 11 ro [1388[12]31

Common ||1335 1|_'| to [1385]12]31 INative ﬂ

8. Click 'Illl (Generate Graphs).

9. Make sure the box beside “Standard” is checked and click GENERATE. Double
click somewhere on the “FLOW” axis.

10. In the “Left Y-axis” frame, change the “Max:” value to “500.” Click APPLY and

then OK.
| oraphEdit 21 x|
Axes T Titles T Curves T Lines T General
— Timne #-Ais — Left iz = Fiaht ' awe = Auiliany awre
% Arithretic = Anithirmetic Fraction of 't Az
= Loganithmic = Logarithmic I vl
[ Grid [~ Gnd [~ Grid
£ Year Tics: I 5 Tics: I ] Tics: I 0
= Month Data Fange: Data Range: Data Fange:
& D bdin: 0.1336558 beir: bire:
B L Max: 1027.443 Mas: Ma:
" HourMinute Auxiz Scale Bange: Axiz Scale Range: Agiz Scale A ange:
Mir: 0 Mit: i Mir: 0
RS 500 Max: 1 M ax: 1
Apply I oK Cancel

The plot should look similar to the following:

00

T T T T
— OBEERVED TPMARLEE

400 - -

300: | |
w \f|\| “'\ k L‘ [ll | L ‘ ‘L M_.ﬂ_ut

g My

FLOW

| e il Jn..:lL-.|L~.x_.|JL._|l\xIL:I\J .

I F M o 13 I I o ] u] 2] T
1988
Daabyeic Plot for FLOW

The following table shows the simulated high and low flow volumes compared to the
observed high and low flow volumes:
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Simulated | Observed % Diff.
2> High Flows: (upper 10%b) 22566 29448 -23.37
2 Low Flows: (lower 50%b) 3229 10059 -67.90

Notice that the simulated base flow is consistently lower than the observed base flow. In
order to help increase the base flow in our model, we need to allocate more interflow and
groundwater and less surface runoff to stream flow. We will do this by increasing the value
of “INFILT.”

11.

12.

13.

14.

15.

16.

17.

18.

Close the plot windows and exit GenScn. Do not save changes.

In WinHSPF, click H (Data Editor).

Double click PERLND - PWATER-> PWAT-PARM2. Change the values in the

“INFILT” column to “0.5.”

Click APPLY.

Click OK.

Click CLOSE to exit the “Input Data Editor.”

Click 1 (Run).

After the model has finished executing, follow steps 2-11 (in this section) to view the
output graphically. The flow plot should look like the following:

500
DB ERVID iy h{ARLBR

400

300

=

FLOW

a0

k=

1o

=

)

HM]\W

| gl

_' ! kj'.h,ll-\

LLMJL_I‘\\ILLLHII\A.._.It

il 1 1 1 1

M

I I il

1938

Dpabyeis Plot for FLOW

g [u] H

I

The following table shows the adjusted high and low flow volume comparison:

Observed | Simulated | % Diff.
2> High Flows: (upper 10%) 29448 32966 11.95
2 Low Flows: (lower 50%) 10059 6353 -36.84
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The “low flow” comparison improved (from —67.9% to —36.84%). We still need to improve
our low flow numbers, but we have already increased the value of INFILT to the maximum
value recommended in BASINS Technical Note 6. In the next section, we will adjust other
parameters in order to improve our high and low flow volume errors.

D. Seasonal and Low Flows - KVARY and AGWRC

Seasonal and low flows are simulated by changing the volume of water flowing through the
groundwater path and interflow paths in your model. Recall that adjusting INFILT value(s)
will change the distribution of water that will flow through the upper zone and that this
parameter value works with others (LZSN, UZSN, AGWRC, KVARY, IRC) to determine
the allocation and timing of surface runoff, interflow, and groundwater contributing to stream
flow. Seasonal flows can also be adjusted by changing the recession rate for flows entering
the reach via groundwater paths.

AGWRC is the groundwater recession rate. It is the ratio of current groundwater discharge
to that from 24 hours earlier when KVARY is zero.

KVARY is the groundwater recession flow parameter that describes non-linear groundwater
recession rates. It is usually one of the last parameters adjusted and is used when the
observed groundwater recession demonstrates a seasonal variability with a faster recession
during wet periods and the opposite during dry periods. Users should begin with a KVARY
value of 0.0 and then increase if there are seasonal variations.

Since our simulated base flow is still too low, we will increase the value of AGWRC.

1. Click H (Data Editor).

2. Double click PERLND - PWATER - PWAT-PARM2.
3. Change each value in the “AGWRC” column to “0.99.”
4. Click OK.

5. Click APPLY.

6. Click CLOSE.

7. Click 1 (Run).

The adjusted high/low flow volumes are as follows:
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Observed | Simulated | % Dif.
2 High Flows: (upper 10%) 29448 31854 8.17
2 Low Flows: (lower 50%) 10059 9893 -1.65

Since both the high and low flow percent differences are considerably better than before, and
sufficient for our purposes, we will not adjust the value of KVARY. We will now look at the
shape of our storm peak flows.

E. Hydrograph Shape and Peak Flows — INTFW and IRC

Hydrograph shape is affected by the relative magnitudes of surface runoff and interflow
among and within watersheds. The coefficients INTFW and IRC control the amount and
timing of water that will enter the reach as interflow.

Channel cross-sections and the slope and distance of the overland flow plain are also
important in hydrograph shape and peak flows in some watersheds. For watersheds in which
the channel flow timing is 10 minutes or less, the overland flow parameters (LSUR, SLSUR,
and NSUR) are important for hydrograph shape and peak flows. (Hydrologic Journal).

INTFW is the coefficient that determines how much water will enter the ground from
detention storage and become interflow (instead of direct overland flow and upper zone
storage). INTFW has an effect on the timing of runoff by controlling the division of water
between interflow and surface processes. Increasing the value of INTFW increases the
amount of interflow, decreases direct overland flow and thereby reduces the peak flows
while maintaining the same volume. It alters the shape of the hydrograph by shifting and
delaying the flow to later in time. Decreasing INTFW has the opposite affect (raises the
peaks). Base flow is not affected by INTFW. Once storm volumes have been calibrated,
INTFW can be used to raise or lower peaks to match the observed hydrograph (BASINS
Technical Note 6).

IRC is the interflow recession coefficient. It is analogous to the groundwater recession
parameter (AGWRC) and is the ratio of current daily interflow to the interflow discharge on
the previous day (24 hours earlier). IRC affects the rate at which interflow is discharged
from storage, so it affects the shape of the hydrograph by altering the “falling” phase
(recession region) of the curve between the peak storm flow and baseflow. IRC can be
adjusted based on whether simulated storm peaks recede faster / slower than observed after
AGWRC has been calibrated (BASINS Technical Note 6).

We are going to plot the results of the last simulation we ran. As you look at the plot, notice
the shape of the peak flows.

1. Follow steps 2-11 in Section C to view the plot. Your flow graph should look similar
to the following:
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Note: Notice that the peak recession is occurring too quickly. We will increase the
value of “INTFW?” in order to slow down the recession rate and flatten the
peaks a little.

2. Click m (Data Editor).

3. Double click PERLND - PWATER - PWAT-PARM4.

4. Click in the first cell of the column “INTFW.” Change the value to “3” and then
double click the column heading to copy the values for the rest of the column.

5. Click APPLY.
6. Click OK.

7. Click CLOSE.

8.  Click E (Run).

9. Follow steps 2-11 in Section C to view the results in GenScn. Your flow plot should
look similar to the following:
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Note: Notice that the peak recessions are occurring more gradually.

You can continue to change the values of various parameters to more finely calibrate the
model. Keep in mind that this is a fairly rough calibration that was designed to illustrate the
principles of calibration. In your own calibration efforts, it is important to perform statistics
on the monthly and storm flow volumes (in addition to the annual and seasonal statistics),
adjust parameter values in small increments, and take the time to make sure the parameter
values truly represent your watershed.

We will look at the plots for the entire time period to see how our model has changed.

10. Close the plot window and return to the main window of GenScn. In the “Dates”
frame, change the “Start” date to “01-01-1986.”

11.  Click 'Illl (Generate Graphs).

12. Check the boxes beside “Standard,” “Flow/Duration,” “Scatter (TS2 vs. TS1)” and
“45 deg/regress lines.” Click GENERATE.

[ Graph =10 x|
Select desired plots, then press Generate.

All I Mone | [ MWultiple WQ Plots

[+ Standard
[ BResidual [TS2 - TS1 ¥s. time]
[~ Cumulative Difference vs. time
[~ Bar Chart

[+ Flow/Duration

[~ Difference [TS2 - TS1) v T51
[V Scatter [T52 vs. TS1) [V |

(% Curient Period ! Storms

Generate Cancel
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The plots should look like the following:
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Notice that the two lines (simulated and observed) now line up very well.

Genscn Scatter Plot
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The variability shown on this graph is due mostly to extreme points in our hydrograph. The
model takes into account all points when producing the linear regression equation.

13. Exit GenScn.

F. Additional Calibration Requirements

When calibrating hydrology, it is important to examine the overall water balance within each
land segment. This effort involves displaying and analyzing model results for individual
land uses for the following water balance components: rainfall, runoff (including surface
runoff, interflow, and baseflow), evaporation losses (including potential, interception, upper
zone, lower zone, baseflow, and active groundwater), and deep groundwater recharge/losses.

Although observed values are not available for each of the water balance components listed
above, the average annual values must be consistent with expected values for the region, as
impacted by the individual land use categories. This is a separate consistency, or reality,
check with data independent of the modeling (except for precipitation) to insure that land use
categories and overall water balance reflect local conditions.

It is recommended that you create a table similar to the following for each land use when
calibrating flow for your watershed. This table will help you compare the runoff and
evaporation components among land uses and make sure that they are logical and consistent.
This table is presented only as an example.

Water Balance Components for Agriculture, PERLND 101, in inches:

Date 1990 1991 1992 1993 1994 1995 |Average
Rainfall 41.87 35.52 35.28 49.27 37.24 44.17 40.56
Runoff
Surface 0.10 0.12 0.16 0.80 0.15 0.81 0.35
Interflow 1.94 1.71 1.89 6.88 2.25 3.98 3.11
Baseflow 9.70 8.33 8.92 14.92 8.65 10.82 10.22
Total 11.73 10.16 10.96 22.59 11.05 15.61 13.68
Deep Groundwater|  0.00 0.00 0.00 0.00 0.00 0.00 0.00

Evaporation

Potential 31.69 35.44 29.38 30.44 33.19 34.09 32.37
Intercep St 9.34 8.37 8.30 10.05 8.53 9.28 8.98
Upper Zone 7.59 5.94 4.29 9.34 6.32 8.17 6.94
Lower Zone 9.70 11.17 10.65 8.10 11.11 10.74 10.24
Ground Water 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Baseflow 0.32 0.32 0.28 0.30 0.32 0.34 0.31
Total 26.94 25.80 23.52 27.78 26.27 28.53 26.47
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GenScn has a built-in scripting capability to produce summary tables from HSPF output. In
this portion of the exercise we will use the scripting capability to build a water balance
component summary like the one above.

1. Make sure “hyd_man.uci” is open in WinHSPF and click the “View Output Through
GenScn” button.

2. From the Analysis menu, choose the option Run Script.

|&nalv5is Map Loc:
Graph
Lisk
Duration
Compare
Generake
Freguency
File
Anirnation
Erofile
Eskirnator
HSPF

Fun Scripk

2ld Senerate
Old Lisk
Mew, .,

3. From the script selection window, go to c:\BASINS\models\HSPF\bin and select the
script “GenScnWaterBalance.spt.” Click OPEN.

Select a script to run 2x|
Look jr: I@ bin j - % Ea-

[:I scripks

| starter

GenscnPlot.spt
GenScniwaterBalance. spt

Genscnviatershed3ummary, spt

File name: IGenSanaterBaIance.spt j Open I
Files of type: [cript Files [+ spt] | Carcel |
[ Open as fead-only
4

4. Type “hyd_man” in the “CurScenario” (or current scenario) box, and specify the
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c:\BASINS\modelout\Man_Cal\ folder as the input directory. Click OK.
i, Script Arguments - |I:I|5|

CurScenano

InputDur

Ih_l,ld_man

Iu::"-.I:uasins"-.mu:u:lelu:uut'xman_u:al'x

Ok Cancel

5. The script will begin to run. As it is running, a “Variables” window will appear,
containing detailed information about the script. When the script has finished, this

window may be closed.

6. Exit GenScn.

. Yariables ] -0l x|

ARGTMAME = CurScenario
ARGIDEFAULT =Baze
ARGZMAME = InputDir
SRAGZDEFAULT = C:ABASINS \Modelout!,
IMPUTDIR = e:\basinzmodelouthman_calt
STANDARDSDIR = E:ABASINS models'\HSPFYbin,S criptsh
OUTPUTDIR = e\bazingdmodeloutsman_calhOutput®,
REPORTMHAME = hwd_man '+ aterBalance
TSERFILEBIM[File0bject: M ame:hwd_man.hbrn
Type:HSPFBinan Unit:0)
CURREMTUCIFILEOBJECT [FileQbject: Mame:hpd_man.uci)
GHSPFRUMIMFD = UCI Created by WinHSPF for westpat
DATAFILEQBJECT(FileDbject:Mame:hwd_man.hbn
Type:HSPFBinan Unit:0)
CURSCEMARIO = hypd_man
DATEFORMAT = wuy
ARGEVALUATING =5
SHOWTOTAL =0
DORDW = [(ATCScript " ater Balance Row"'

[' rivfal, CurScenario, CurLocation, CurConstituent, row,
showT otal are set by main zcript]

[If [= CurScenario "CurScenaria']

[t/ arn " ater Balance Row script is a subroutine for

PLUGINMANAGER(Object] j

[

7. The script output can be viewed in a text editor. Navigate to c:\BASINS\modelout\
Man_Cal\Output (using My Computer or Windows Explorer), open the file

“hyd_man.WaterBalance.txt.” The output will look like the following:
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=10/
File Edit ¥iew Insert Format Help
s g
e SO EEY|
ICUurierNew LI |1D ﬂ IWestem LI B |/| u || |7 = ‘
Water Balance Report for Scenario [hyd man] -
Run Made 2003-09-15 11:58
UCT Created by WinHSPF for westpat
{Units:Inches)
Water Balance for Forest Land
Date 1986 1987 1988 Aver
Rainfall 35.47 37.77 34.74 35.99
Runoff
surface 0.1489 0.056 0.049 0.085
Interflow 0.917 1.445 1.192 1.185
Baseflow Z2.689 5.252 4.634 4.192
Total 3.754 6.753 5.875 5.461
Deep Groundwater 0.0 0.0 0.0 0.0
Evaporation
Potential 41.81 39.83 40 .49 40.71
Intercep St a8.249 8.56 B.54 8.45
Upper Fone 6.394 10.4 B.5Z6 8.438
Lower Fone 15.54 12.63 13 .64 13.94
Ground Water 0.0 0.0 0.0 0.0
Baseflow 0.83 0.797 0.81 0.81z
Total 31.01 32.38 31.52 31.64
=
For Help, press Fi 4
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