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HYDROLOGIC LAND USE CLASSIFICATION 

USING LANDS AT^ 

Robert J. Cermak, Arlen Feldman, and R. Pat Webb 

The Hydrologic Engineering Center 
U.S. Army Corps of Engineers 

Davis, California 

ABSTRACT 

This report will describe the Hydrologic Engineering center's 
experience with land use classification from LANDSAT multispectral imagery. 
Land use is required for the estimation of hydrologic model parameters. The 
land use classification procedure used, developed at the University of 
California, Davis, for the Corps of Engineers, is an unsupervised, 
noninteractive approach requiring no special image processing equipment. 
Watershed land use was determined from LANDSAT digital data, entered into a 
geographic data bank, and compared with a conventional land use 
classification. Hydrologic simulation model parameters were estimated from 
land use and other basin characteristics. The generated discharge frequency 
curves, corresponding to the alternative land use classifications, permitted 
the hydrologic significance of accuracy in land use identification to be 
assessed. 

(KEY TERMS: Land use; LANDSAT; hydrologic simulation; spatial data 
management. ) 

------ 
11 Presented at the AWRA Fifth Annual William T. Pecora Memorial Symposium, - 
"Satellite Hydrology," June 11-15, 1979, Sioux Falls, South Dakota. 



INTRODUCTION - 

The hydrologic  modeling of a  watershed, p a r t i c u l a r l y  urban or  urban- 

i z i n g  b a s i n s ,  r equ i r e s  t h a t  t he  d i s t r i b u t i o n  of land use be determined. The 

amount and t iming of runoff  i s  d i r e c t l y  r e l a t e d  t o  t he  i n f i l . t r a t i o n  capac i ty  

of a  land a rea  wi th  the  most important d i s t i n c t i o n  being between pervious 

and impervious land sur faces .  Water q u a l i t y  parameters have a  s i m i l a r  de- 

pendence on land use da t a ;  r a t e  of accumulation of a  p a r t i c u l a r  po l lu tan t  

per  u n i t  a rea  i s  normal .1~  expressed a s  a  func t ion  of land use. Water re- 

source planning s tud ie s  a r e  i n t e r e s t e d  i n  not only an assessment of t h e  

p re sen t  s t a t e  of t h e  water and r e l a t e d  resource  system, bu t  a l s o  i t s  pos- 

s i b l e  f u t u r e  conf igura t ion .  By expressing hydrologic  parameters a s  a  

func t ion  of cu r r en t  land use becomes p o s s i b l e  t o  r a t i o n a l l y  p r e d i c t  t h e  

impact f u t u r e  Land use changes w i l l  have on t h e  q u a n t i t y  and q u a l i t y  of 

f u t u r e  runoff .  

Manual methods fo r  land use i d e n t i f i c a t i o n  (e .g. ,  i n t e r p r e t a t i o n  of low 

a l t i t u d e  a e r i a l  photography and f i e l d  surveys)  a r e  f r equen t ly  used i n  water- 

shed s tud ie s .  The problem wi th  t h i s  approach i s  t h a t  the  resource re- 

quirements,  both money and l abo r ,  fo r  manual c l a s s i f i c a t i o n  can be exten- 

s i v e ,  An a t t r a c t i v e  a l t e r n a t i v e  i s  the  u t i l i z a t i o n  of a v a i l a b l e  remote sen- 

s i n g  systems and computer-assisted c l a s s i f i c a t i o n  techniques.  The LANDSAT 

s a t e l l i t e s  have been shown t o  have the  c a p a b i l i t y  of providing land use d a t a  

a t  acceptab le  l e v e l s  of accuracy for  hydrologic  modeling purposes ( ~ a g a n ,  

1975; Jackson, 1977). LANDSAT d a t a  i s  qu icker  and l e s s  c o s t l y  t o  ob ta in  and 

i n t e r p r e t  than  low a l t i t u d e  a e r i a l  photography, provides r e p e t i t i v e  coverage 

of t h e  same a r e a  a t  l e a s t  every 18 days, and i s  a v a i l a b l e  f o r  the  e n t i r e  

United S t a t e s .  Addi t iona l ly ,  LANDSAT's d i g i t a l  format can be d i r e c t l y  



analyzed by the  d i f f e r e n t  c1 , a s s i f i ca t ion  computer programs ava i l ab l e ,  and 

can be resampled f o r  automatic i n c l u s i o n  i n  a geographic da t a  bank. 

This  paper descr ibes  t he  land use c l a s s i f i c a t i o n  procedure developed 

fo r  t h e  Corps of Engineers by t h e  Univers i ty  of C a l i f o r n i a ,  Davis (UCD) and 

p re sen t s  r e s u l t s  from applying t h i s  procedure t o  land use c l a s s i f i c a t i o n s  of 

a Texas watershed. An extens ive  s e t  of computer programs developed by t h e  

Hydrologic Engineering Center (HEC) f o r  the  automated ana lys i s  of hydro- 

l o g i c ,  economic, and environmental a spec t s  of comprehensive water resource  

planning s t u d i e s  based on s p a t i a l  d a t a  were used t o  compare the  LANDSAT 

c l a s s i f i c a t i o n  t o  convent ional ly determined land use. The c a l c u l a t e d  d i s -  

charge frequency curves,  corresponding t o  t he  LANDSAT and convent ional  land 

use  c l a s s i f i c a t i o n s ,  a r e  presented a s  a measure of t he  hydrologic  s ign i -  

f i cance  of d i f f e r ences  i n  land use i d e n t i f i c a t i o n .  This  study was c a r r i e d  

out  a s  p a r t  of NASA's Water Management and Control  ASVT p r o j e c t .  

UCD PROCEDURE -- 

An ope ra t iona l  procedure f o r  land use  c l a s s i f i c a t i o n  from LANDSAT d a t a  

has  been developed a t  t h e  Univers i ty  of Cal i . fornia ,  Davis (UCD) f o r  use by 

t h e  Corps of Engineers.  Referred t o  a s  t he  UCD Procedure, i t  was designed 

t o  func t ion  without  t h e  use of dedica ted ,  i n t e r a c t i v e  image process ing  

f a c i l i t i e s .  Only output  equipment normally a v a i l a b l e  i n  Corps f i e l d  o f f i c e s  

(e.g., l i n e  p r i n t e r )  and batch-mode access  t o  a general.  purpose computer 

could be  expected. It was a l s o  intended t h a t  the  procedure would not  re- 

q u i r e  spec i a l i zed  t echn ica l  e x p e r t i s e  i n  da ta  a n a l y s i s ,  computer program- 

ming, o r  remote sensFng. 



The UCD Procedure c o n s i s t s  of an  organized s e t  of computer programs and 

manual opera t ions  f o r  t h e  i d e n t i f i c a t i o n  of land use from raw LANDSAT da ta .  

A d e t a i l e d  d e s c r i p t i o n  i s  given by Algazi (1979). The primary t a s k s  of t h e  

procedure a re :  

(1) Obtain LANDSAT Computer-Compati.ble Tapes (CCT), NASA high a l t i t u d e  

a e r i a l  photography, and USGS topographic maps f o r  t h e  l o c a t i o n  and da t e  of 

i n t e r e s t .  Ex t r ac t  a  r ec t angu la r  a r ea  of d a t a  conta in ing  t h e  watershed from 

t h e  CCT. Check f o r  rad iometr ic  e r r o r s  i n  t h e  LANDSAT d i g i t a l  da t a  and, i f  

necessary ,  c o r r e c t .  

(2 )  Determine t h e  geometric r e g i s t r a t i o n  of t h e  LANDSAT image wi th  t h e  

UTM coordina te  system of t h e  USGS topographic maps. LANDSAT c o n t r o l  p o i n t s  

a r e  i d e n t i f i e d  from t h e  output  of a  UCD computer program which enhances 

roads and water  bodies  found i n  t h e  LANDSAT image. A r eg re s s ion  equat ion ,  

c a l c u l a t e d  from the  two s e t s  of c o n t r o l  p o i n t s ,  provides a  t ransformat ion  

mechanism f o r  going from t h e  image coord ina te  system t o  t h e  map coord ina te  

system. 

(3 )  Use an unsupervised c l u s t e r i n g  a lgor i thm t o  p a r t i t i o n  the  LANDSAT 

four-dimensional d a t a  space. Groups o r  " c lus t e r s "  a r e  i d e n t i f i e d  t h a t  con- 

t a i n  po in t s  wi th  spec t ra l .  r e f l e c t a n c e  va lues  t h a t  a r e  s imlar  t o  members of 

t h e  same c l u s t e r ,  and d i s s i m i l a r  t o  t h e  p o i n t s  of o the r  c l u s t e r s .  Each 

p i x e l  i n  t h e  watershed d a t a  f i l e  i s  assigned t o  a  c l u s t e r .  



( 4 )  S e l e c t  from a l i n e  p r i n t e r  map of t h e  c l u s t e r  assignments s i x  s e t s  

of ad jacent  p i x e l s  ( s p a t i a l  groups) ,  a l l  belonging t o  the  same c l u s t e r .  

Their  corresponding l o c a t i o n  on t h e  topographic maps i s  determined us ing  t h e  

t ransformat ion  equat ion of s t e p  (2) .  Visual  t r a n s l a t i o n ,  from the  map t o  

t he  a e r i a l  photographs, of t h e  s p a t i a l  g roup ' s  l o c a t i o n  permi ts  a  land use 

t o  be assigned t o  each such s p a t i a l  group. For c l u s t e r s  having a  c o n s i s t e n t  

land  use assigned t o  a l l  s i x  s p a t i a l  groups, a  f i n a l  land use has  been de- 

termined. But f o r  those c l u s t e r s  where c o n f l i c t s  e x i s t  between the  land use 

i d e n t i f i e d  wi th  each of t he  s i x  s p a t i a l  groups, f u r t h e r  p a r t i t i o n i n g  of t h e  

d a t a  space i s  requi red .  

(5 )  C lus t e r s  with c o n f l i c t i n g  land use assignments and c l u s t e r s  whose 

a s s o c i a t e d  land use  could no t  be determined from the  a v a i l a b l e  maps and 

photos a r e  r e c l u s t e r e d  by r epea t ing  s t e p  ( 3 ) ,  and given f i n a l  land use as-  

signments by r epea t ing  s t e p  ( 4 ) .  

( 6 )  A t  t h i s  po in t  t he  watershed da t a  f i l e  con ta ins  a  land use cl .assi ,-  

f i c a t i o n  ( t y p i c a l l y  5 t o  7 c a t e g o r i e s )  f o r  a l l  p i x e l s .  The watershed f i l e  

i s  then resampled a t  t he  g r i d  ce l l .  c en t ro ids  us ing  a  nearest-neighbor algo- 

r i thm. 

( 7 )  The resampled f i l e  i s  then en tered  d i r e c t l y  i n t o  the  watershed 's  

g r i d  c e l l  da t a  bank ( a s  expla ined  l a t e r ) .  A l t e r n a t i v e l y ,  a  f i l e  conta in ing  

t h e  d i g i t i z e d  watershed boundary can be used t o  mask t h e  resampled f i l e ,  

l eav ing  only t h e  g r i d  c e l l s  w i t h i n  t h e  boundary. To ta l  acreage of each land 

use  c l a s s  f o r  t he  e n t i r e  watershed i s  then computed. 



LANDSAT-CONVENTIONAL LAND USE COMPARISON 

The UCD procedure has been t e s t e d  a t  HEC on two watersheds: Crow Creek 

near  Davenport, Iowa and Walnut Creek near  Aus t in ,  Texas. The purpose of 

t h e  app l i ca t ions  was t o  ga in  f a m i l i a r i t y  w i th  the  procedure and t o  eva lua t e  

t he  accuracy of LANDSAT-derived land use. The r e s u l t s  of t h e  Crow Creek 

c l a s s i f i c a t i o n  have been repor ted  by Algazi (1979). 

Walnut Creek has a drainage a rea  of 55 square mi l e s .  LANDSAT imagery 

f o r  3 May 1976 was analyzed us ing  January 1974 NASA high a l t i t u d e  co lo r  in- 

f r a r e d  a e r i a l  photography ( s c a l e  1:121,000) and photorevised 1973 USGS 

7-1/2-minute topographic maps ( s c a l e  1:24,000) a s  ground t ru th .  F igure  1 

shows t h e  l o c a t i o n  of t he  watershed on t h e  LANDSAT scene. S i x  land use 

c l a s s e s  were i d e n t i f i e d :  c ropland/pas ture ,  r e s i d e n t i a l ,  commercial/ indus- 

t r i a l ,  quar ry ,  fo re s t / r ange land ,  and water.  

LANDSAT land use was en tered  i n t o  a g r i d  c e l l  d a t a  bank t h a t  had pre- 

v ious ly  been cons t ruc ted  by t h e  For t  Worth D i s t r i c t ,  Corps of Engineers f o r  

an Expanded Flood P l a i n  Information Study (XFPI) of t h e  Walnut Creek bas in .  

The g r i d  c e l l  s i z e  of t h e  Walnut Creek d a t a  bank i s  200 f e e t  (east-west)  by 

250 f e e t  (nor th-south) ,  or  1.148 ac re s .  Using a l i n e  p r i n t e r  spacing of 8 

l i n e s  per  i nch ,  l i n e  p r i n t e r  maps of t h i s  g r i d  c e l l  s i z e  correspond t o  t h e  

1:24,000 s c a l e  of USGS 7-112-minute topographic maps, 

E x i s t i n g  land use had been determined convent iona l ly  from manual i n t e r -  

p r e t a t i o n  of October 1977 low a l t i t u d e  co lo r  i n f r a r e d  a e r i a l  photography 

( s c a l e  1:12,000). This  land use c l a s s i f i c a t i o n ,  r e f e r r e d  t o  a s  t h e  



convent ional  land use, cons is ted  of 19 land use  c a t e g o r i e s  a s  given i n  Table 

1. Table 1 a l s o  l i s t s  t he  acreage and percent  d i s t r i b u t i o n  f o r  t h e  6 

LANDSAT land use ca t egor i e s .  F igure  2 con ta ins  land use maps f o r  both c las -  

s i f i c a t i o n s .  

A ce l l -by-ce l l  compari.son of t h e  e n t i r e  watershed requi red  t h a t  t he  

l a r g e r  number of convent ional  land use c a t e g o r i e s  be aggregated t o  t h e  fewer 

LANDSAT land use  ca t egor i e s  a s  shown i n  Table 1. Because convent ional  and 

LANDSAT ca t egor i e s  a r e  not  always compatible t h i s  c r ea t ed  some problems. As 

an example, t h e  convent ional  ca tegory  "transportati.on/cormnunication/ 

u t i l i t i e s "  i nc ludes  major highways, right-of-ways f o r  r a i l r o a d s  and power 

t ransmiss ion  l i n e s ,  a i r p o r t  f a c i l i t i e s  ( i n c l u d i n g  bu i ld ings ,  runways, and 

vacant  land within t h e  a i r p o r t  l i m i t s ) ,  and sewage t reatment  f a c i l i t i e s .  

LANDSAT, however, w i l l  c l a s s i f y  t h e  water su r f ace  of a  t rea tment  p l an t  a s  

11 water" t h e  open f i e l d s  surrounding a  runway a s  one of t h e  vege ta t ion  

c a t e g o r i e s ,  and right-of-ways a s  whatever land su r f ace  c l a s s  i f  nearby. 

Caution should,  t h e r e f o r e ,  be used i n  i n t e r p r e t i n g  t h e  g r i d  c e l l  comparison. 

Table 2 summarizes t h e  ce l l -by-ce l l  comparison of LANDSAT and con- 

ven t iona l  land use c l a s s i f i c a t i o n s .  T h e o r e t i c a l l y ,  i f  t h e  land use ca te -  

g o r i e s  were completely c o n s i s t e n t ,  then t h e  percent  of g r i d  c e l l s  t h a t  

appear down t h e  diagonal  of t he  t a b l e ,  52.'7%, would r ep re sen t  t h e  accuracy 

of t h e  LANDSAT c l a s s i f i c a t i o n .  An a d d i t i o n a l  complicat ion i s  t he  inc lus ion  

of "rangeland" i.n t h e  " ~ r o ~ l a n d / ~ a s t u r e "  convent ional  land use category,  and 

i n  t he  " fo re s t "  LANDSAT land use category.  Being unable t o  d i f f e r e n t i a t e  

between them, one should consider  cropland/pasture/forest/rangeland a s  one 



category; summing the diagonal percentages would then result in 70.8% of the 

grid cells "correctly" classified by LANDSAT. 

A comparison at the grid cell level is nearly the same as a comparison 

at the LANDSAT pixel level; both Walnut Creek grid cell and LANDSAT pixel 

are approximately 1.1 acres. At such a scale errors in the geometric cor- 

rection and the resampling procedure will have significant impact on the 

computed accuracy. Another comparison, less sensitive to such factors, is 

of the major land use categories at the watershed level. Looking at the 

total percent classified as (a) residential, (b) commercial/industrial, and 

(c) cropland/pasture/ forest/rangeland by conventional and LANDSAT shows a 

difference of 7.6%, -4.4%, and -1.1%, respectively; the average absolute 

difference for the major land use categories is 4.4%. 

LANDSAT land use has been determined by UCD staff for three other 

basins: Castro Valley, California; Pennypack Creek in Philadelphia, 

Pennysylvania; and Rowlett Creek near Dallas, Texas. Corps of Engineers' 

district offices had determined land use by conventional means for their re- 

spective basins and encoded this information into grid cell data banks. 

Cell-by-cell comparisons were made at HEC for the three basins. Results of 

these comparisons were consistent with the findings in the Walnut Creek 

analysis: individual grid cells were incorrectly classified by LANDSAT 

approximately 38% of the time, whereas aggregation of grid cells over the 

entire watershed showed misclassification of the major land use categories 

averaging 2 to 8%. 



GRID CELL SPATIAL DATA MANAGEmNT SYSTEM -- 

The grid cell spatial data management system, with which the foregoing 

maps and cell-by-cell analyses were made, has been an operational tool in 

the Hydrologic Engineering Center since 1975 (U .S .  Army Corps of Engineers, 

1975). The data management system consists of a set of utility programs 

for: (1) encoding, checking, and placing the geographic map data in the 

grid cell data bank; (2 )  displaying the data through plotting maps of one or 

more variables by their absolute values or by weighted combinations of rela- 

tive attractiveness; and (3) extracting data from the data bank and formu-- 

lating parameters for hydrologic, economic and environmental simulation pro- 

grams. The principal computer programs for the LANDSAT land use identi- 

fication, data bank input, hydrologic parameter identification and watershed 

model are shown in Figure 3. 

The spatial data management system has been the focal point of the 

Corps of Engineers' Expanded Flood Plain Information Studies (Davis, 19781, 

This technology was developed to provide a comprehensive management tool for 

use by local governments responsible for the nation's flood plains. The 

pilot studies undertaken by the Corps' district offices analyzed the hydro- 

logic, economic, and environmental aspects of existing and alternative 

future land use patterns. The analyses included the automatic computation 

of expected annual flood damages which resulted from changed hydrologic re- 

sponses and/or stage-damage functions as related to each land use pattern 

and flood management measure. 



Detailed land use identification is essential to the foregoing 

analyses, especially for the economic analysis of flood damages. Conse- 

quently, twenty or more separate land uses were often required to accurately 

represent the flood damage relationships. LANDSAT was found to be capable 

of identifying about six land uses and thus could not be used for the eco- 

nomic analyses. The LANDSAT identified land use was thought to be adequate 

for hydrologic purposes and the ongoing XFPI studies were used as the format 

to compare the hydrologic implicati.ons of LANDSAT vs. conventi.ona1 land use 

classifications. 

The HYDPAR computer program (U.S. Army Corps of Engineers, 19781, see 

Figure 3, automatically determines hydrologic parameters from the geographic 

grid cell data bank. The key element in this determination is an input re- 

lationship between the geographic features and the hydrologic parameters, 

e.g., Tab1.e 3. Any rainfall/snowmelt-to-runoff simulation methods which can 

be related to geographic features can be handled in this manner. 

HYDROLOGIC COMPARISON 

The primary reason for examining the land use classification ability of 

LANDSAT was for its potential application to hydrologic modeling. Cali- 

bration of hydrologic models typically used by the Corps of Engineers i.n 

urban areas is heavily dependent on land use data, particularly in basins 

where land use is changing and where future conditions are of interest. 

The computer program HEC-1 (U.S. Army Corps of Engineers, 1973) has the 

capability of explicitly relating land use to runoff using two procedures: 



Snyder 's  u n i t  hydrograph wi th  percent  imperviousness,  and t h e  SCS curve 

number and u n i t  hydrograph (U.S. S o i l  Conservation Serv ice ,  1972). As de- 

s c r ibed  i n  t h e  previous s e c t i o n ,  t h e  HYDPAR program accesses  t h e  necessary 

v a r i a b l e s  from a g r i d  c e l l  d a t a  bank and computes the s p e c i f i e d  hydrologic  

parameters ,  which a r e  i n  t u r n  inpu t  i n t o  an HEC-1 model of t h e  bas in .  

HYDPAR con ta ins  a r eg re s s ion  equat ion formulat ion of Snyder ' s  l a g  a s  a 

func t ion  of s t ream length ,  l ength  t o  cen t ro id  of subbasin,  stream s lope ,  and 

percent  imperviousness. A t a b l e  a s s o c i a t i n g  a percent  imperviousness wi th  

each land use category i n  t he  d a t a  bank enables  HYDPAR t o  compute subbasin 

percent  imperviousness from subbasin land use  d i s t r i b u t i o n .  

I n  a s i m i l a r  manner HYDPAR can determine t h e  SCS u n i t  hydrograph param- 

e t e r  from stream length ,  b a s i n  average land  s lope ,  and subbasin average 

curve number. Curve numbers r ep re sen t  an empir ical  r e l a t i o n s h i p  between hy- 

d ro log ic  s o i l  type, land use,  and t h e i r  r e s u l t a n t  runoff p o t e n t i a l .  From a 

t a b l e  i d e n t i f y i n g  a curve number wi th  each combination of land use and hy- 

d ro log ic  s o i l  type, Table 3, HYDPAR computes subbasin average curve number. 

F igure  4 i l l u s t r a t e s  HYDPAR's subbas in  p r i n t o u t  f o r  t h e  computation of t h e  

SCS parameters.  

Both procedures,  Snyder 's  and SCS, were used t o  test the  "hydrologic" 

accuracy of LANDSAT-derived land use.  Percent  imperviousness was ass igned  

t o  each of Rowlett  Creek 's  LANDSAT and convent ional  land use ca t egor i e s .  

HYDPAR was used t o  compute Snyder 's  l a g  f o r  a p o r t i o n  of t h e  watershed 

(Upper Spring C r . ,  24.6 square mi l e s )  and a c a l i b r a t e d  HEC-1 model was used 

t o  s imulate  runoff  from s e l e c t e d  recur rence  i n t e r v a l  r a i n f a l l .  Di f fe rences  



between t h e  d ischarge  frequency curves,  based on e i t h e r  LANDSAT o r  conven- 

t i o n a l  land use,  can be i n t e r p r e t e d  a s  a measure of t he  hydrologic  s ign i -  

f i cance  of LANDSAT's m i s c l a s s i f i c a t i o n  of land use. Considering t h e  un- 

c e r t a i n t y  involved i n  e s t ima t ing  any frequency curve,  t h e  d i f f e r e n c e  between 

Rowle t t ' s  LANDSAT and conventional curves was judged i n s i g n i f i c a n t .  I n  t h e  

i n t e r e s t  of conserving space,  only t h e  SCS r e s u l t s ,  descr ibed i n  t h e  next  

paragraph, a r e  shown g raph ica l ly .  

The SCS method was appl ied  t o  Pennypack Creek. The SCS curve number 

and l ag  were computed by HYDPAR from both  LANDSAT and convent ional  land 

use. Once aga in  d ischarge  frequency curves were est imated from the  simu- 

l a t e d  runoff  of a c a l i b r a t e d  HEC-1 model, t h i s  t ime us ing  SCS parameters t o  

d e f i n e  subbasin r a in fa l l - runof f  response. The frequency curves of F igure  5 ,  

based on LANDSAT and convent ional  land use,  a r e  nea r ly  i d e n t i c a l .  Also 

shown on F igu re  5 a r e  d ischarge  frequency curves which wou1.d r e s u l t  i f  t he  

b a s i n  were modeled by a l l  i n d u s t r i a l  and a l l  n a t u r a l  vege ta t ion  curve num- ---- --- 

bers .  These curves demonstrate t h e  p o s s i b l e  extremes t h a t  could have been 

generated from t h e  model and provide a s e t  of r e f e rences  from which t o  eval-  

u a t e  t h e  a c t u a l  d i f f e r e n c e s  between LANDSAT and conventionally-based f re -  

quency curves.  



CONCLUSIONS 

An ope ra t iona l  procedure f o r  determining land use from LANDSAT imagery 

has been appl ied  t o  f i v e  watersheds, Based on our experience t h e  fol lowing 

conclusions can be made: 

(1) A t  t h e  g r i d  c e l l  l e v e l  LANDSAT land use can be expected t o  be i n  

error.  about 11'3 of t he  t h e .  

(2 )  By aggregat ing t h e  land use  over the e n t i r e  watershed, LANDSAT'S 

misc l a s s i . f i ca t ion  of land use reduces t o  2 t o  8% f o r  t h e  major land use ca t -  

egor ies .  

( 3 )  Both of t h e  above accuracy assessments must be q u a l i f i e d  by no t ing  

t h a t  convent ional  land use,  t o  which LANDSAT was compared, w i l l  sometimes 

have land use ca t egor i e s  t h a t  a r e  i ncons i s t en t  wi th  t h e  LANDSAT land use 

ca t egor i e s  ( i . e . ,  we a r e  sometimes comparing apples  and oranges) .  Also, 

e r r o r s  introduced during geometric c o r r e c t i o n  and resampling w i l l  be i n t e r -  

p re t ed  a s  LANDSAT m i s c l a s s i f i c a t i o n  e r r o r s  when comparing on a  cel l - ,by,-cel l  

b a s i s .  

( 4 )  The UCD Procedure works. I t  i s  a  complete, se l f -conta ined  package 

of computer programs and manual. opera t ions  t h a t  permit a  u se r  t o  i d e n t i f y  

Land use from LANDSAT d i g i t a l  d a t a  without  r equ i r ing  t h e  use of expensive, 

i n t e r a c t i v e  image process ing  equipment. 



( 5 )  Evaluated in terms of the difference in discharge frequency curves, 

the LANDSAT-derived land use was found to be completely adequate. The num- 

ber and type of land use categories derived from LANDSAT data were suf- 

ficient to be able to apply two standard hydrologic modeling techniques, 

Snyder's uni.t hydrograph with percent imperviousness and the SCS curve num- 

ber and lag method. 

( 6 )  LANDSAT land use can be directly incorporated into a watershed's 

grid cell data bank, thus providing an automated environment for applying 

the LANDSAT classification in routine hydrologic investigations. 
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TABLE 1 
WALNUT CREEK LAND USE DISTRIBUTION 

CONVENTIONAL AND LANDSAT 

Conventional Land Use 

--- 
Low density residential 
Med density residential 
Hi density residential 
Multi-f arm residential 
Mobile homes 

Strip commercial 
Shopping centers 
Institutional 
Industrial 
Indlcom complexes 
Public use 
Transpo/comun/utilities 

Barren landlquarry 

Cropland 
PastureIrangeland 
Dev open space 
Undev open space 

- 
Forest 

Water 

Acres 

1,785 
3,671 
15 6 
619 
126 

2 64 
85 
5 36 
48 8 
742 
9 6 

1,261 

1,022 

3,917 
11,327 

139 
1,135 

9,143 

62 

36,574 

% 

4.9 
10.0 
0.4 
1.7 
0.3 

0.7 
0.2 
1.5 
1.3 
2.0 
0.3 
3.4 

2.8 

10.7 
31.0 
0.4 
3.1 

25.0 

0.2 

99.9 

LANDSAT Land Use 

Residential 

Commercial/industrial 

Barren landlquarry 

cropland/pasture 

ForestIrangeland 

Water 

Acres 

9,135 

1,861 

223 

15,298 

9,988 

7 0 

36,575 

% 

25.0 

5.1 

0.6 

41.8 

27.3 

- 

0.2 

100.0 
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TABLE 3 

PENNYPACK CREEK LANDSAT LAND USE 

CURVE NUMBER STJMMARY WITH 
ASSOCIATED LAND USE CATEGORIES 

LAND USE 
CATEGORY TITLE 

Natural Vegetation 

Pasture 

Agricultural 

Developed Open Space 

Residential 

Light Industry 

Intermediate Industry 

Heavy Industry 

Water 

HYDROLOGIC SOIL TYPE 
A B C D 



 
 

 



Figure  2. 

WALNUT CREEK LAND USE COMPARISON MAPS 

(Darker  t o  1  i g h t e r  shades rep resen t  Industr ia l /Commercia1, Res iden t i a l  , 

Natura l  Vegetat ion,  and A g r i  c u l  t u r a l  1  and use ca tego r i es  , r e s p e c t i  ve l y .  ) 
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