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APPLICATION OF REMOTELY SENSE! LAND-USE INFORMATION
TO IMPROVE ESTIMATES OF STREANFLOW CHARACTERISTICS

by Edward J. Pluhowski

Abstract

Land-use data derived from high-altitude photography and satellite
imagery are presented for 49 basins in Delaware, and eastern Maryland and
Virginia. Based on 1:100,000 scale maps from high-aititude photography,
basin land cover was extracted at the generalized Level [ ﬁnd the more
detailed Level II classification categories. Level I land-use data sum-
maries were prepared for 46 of the basins using the 1:250,000 scale maps
derived from Landsat imagery. Land cover in the basins ranged from 93.9
percent urban at Little Falls Branch near Bethesda, Maryland, to 96.2
percent agricultural at Morgan Creek near Kennedyville, Maryland.

Applying multiple regression techniques to a network of gaging stations
monitoring runoff from 39 of the basins, it was demonstrated that land-use
data from high-altitude photography provides an effective means of signif-
icantly improving estimates of streamflow. Forty streamflow-characteristics
equations incorporating remotely sensed land-use information, were
compared with a control set of equations using map derived land cover.
Siginjficant improvement was detected in six equations where Level [ data
was added and in five equations where Level 11 information was utilized.
Only four equations were improved significantly using land-use data derived
from Landsat imagery. Significant losses in accuracy due to the use of
remotely sensed land-use information were detected only in estimates of
flood peaks. Losses in accuracy for flood peaks were probably due to land

cover changes associated with temporal differences among the primary land-

use data sources.

1
ORIGINAL PAGE IS
OF POOR QUALITY



INTRODUCTION

Since 1888 when systematic streamfiow records were first collected
by the U.S. Geological Survey, more than 16,000 sites have been gaged
in the United States (Carter and Davidian, 1968). Surface-water data are
used for many purposes such as evaluating the water supply available to
a town or city, designing bridges and culverts, or assessing the flood
potential along a particular watercourse. A well designed stream-gaging
network is of considerable value in studies attempting to assess man's
impact on the hydrologic cycie. For example, urbanization will change
streamfiow patterns because of street paving, home and building con-
struction, and the installation of storm sewers. These and other activities
needed to develop urban environments alter important basin characteristics
such as infiltration rates, generated volume of storm flow, and the time
required for water to move from any point in the basin to stream channels.
Ideally, continuous streamflow monitoring would be required before, during,
and after development to appraise the impact of urbanization on a particu-
lar watercourse.

The general objective of the streamflow data program is to provide
Iusers with water data at any site on any stream. Clearly, it is neither
practical nor desirable to gage every site where data are required. It is,
however, frequently possible to transfer streamfiow information on un-
requlated streams to other natural stream sites in areas of similar
climatic and geologic settings. Thomas and Benson (1970) outlined a
multiple-regression method of streamflow generalization. This procedure
involves regressing a single streamflow characteristic (such as mean

annual discharge) against the physiographic and climatologic characteristics



of gaged basins within a selected region. Equations obtained from the
multipie-regression procedure contain only statistically significant
basin characteristics, and the regression equations enable users to
compute streamflow patterns at any site on natural streams within the
region.

Using basin characteristics derived from climatologic data and
maps, detailed formulas were obtained by the muitiple-regression
procedure for a wide range of streamflow characteristics throughout the
Nation. The results of these investigations, published 1& open-file
reports, are available at the 46 district offices of the U.S.
Geological Survey except Hawaii (Benson and Carter, 1973). The purpose
of this investigation is to investigate the potential improvement of
streamflow estimates by using land-use information obtained from
high-altitude photographs and satellite images. Remotely sensed data
to be tested were obtained from U.S. Geological Survey land-use maps
compiled by the Central Atlantic Regional Ecological Test Site (CARETS)

project.

CARETS PROJECT

The CARETS project was sponsored jointly by the National
Aeronautics and Space Administration (NASA) and the U.S. Geological
Survey. The principal objective of CARETS was to test the extent to
which various remote sensor data systems could be used as input to a
regional land-resources information data base (Alexander, 1974). The
CARETS region covers 46,434 mi 2 (74,712 kmz) which includes Delaware,
southern New Jersey, southeastern Pennsylvania, District of Columbia,

and eastaern Maryland and Virginia (fig. 1).
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NASA aircraft flown at altitudes of about 60,000 ft (18,300 m)
provided color and color infrared photographs of the site in 1970 and
again in 1972. The bulk of the high-altitude land-use analysis was done
using the 1970 aerial photographs. However, parts of the site were
masked by clouds in the 1970 high-altitude photographs and other aerial
photographs taken as close as possible to the dates of the 1970 missions
were required to complete land-use mapping of the site. Landsat-1 imagery
was available at 18-day intervals following launching of the satellite
in July 1972. Land-use mapping predicated on satellite imagery was derived
from Landsat-1 data obtained principally during September and October 1972
(K. Fitzpatrick, oral commun., 1976).

Photointerpreters examined each piece of film or imagery for the
major land-use ﬁypes such as urban land, agricultural land, forests, wetlands,
or water. Urban land is recognized by the patterns of buildings, houses,
road networkg, railroads, and other man-made features. The complex urban
setting contrasts 'strongly on high-altitude photographs and images with the
less complicated appearance of agricultural fields, forests, wetlands, and
water.

Land~use maps based on high-altitude photographs were produced at a
scale of 1:100,000. Owing to resolution differences beiween Landsat
imagery and high-altitude photographs, land-use maps derived from
satellite imagery were prepared at a scale of 1:250,000. Forty eight
sheets depicting land use of the CARETS area at a scale of 1:]00,600
and eight sheets at a scale of 1:250,000 have been released to- the
U.S. Geological Survey open files, along with many additional map types
to assist users in applying the data to land-use planning and environmental

interpretation (Alexander and others, 1975).



LAND-USE CLASSIFICATION SYSTEM

The classification system used in the CARETS project was one
developed by a special interagency committee (R. Alexander, writter
comnun., 1976} later slightly modified into the USGS Land-Use
Classification 3ystem for use with remote-sensor data {Anderson and
athers, 1972). The scheme is a multiltevel, hierarchical classification
system which specifies the first two levels (table 1), and leaves the
more detailed Tevels for Tater definition. Level I contains generalized
categories suitabie for delineation from sateilite imagery. Level II
vields greater detail within each Level I category and is mast suitably

obtained using high-altitude photographs as a primary source.



Table 1. ~~ Land-use categories used in CARETS data base

Level I Categories Level II Category Numbers and Titles

URBAN & BUILT-UP 11-Residential
12-Commercial and services
13-Industrial
14-Extractive
15-Transportation, communications,
and utilities
16-Institutional
17-Strip and clustered settlement
18~Mixed
19-Open and other

AGRICULTURAL 21-Cropland and pasture
22-0rchards, groves, bush fruits,
vineyards, and horticultural
areas
23-Feeding operations
24~0ther

FOREST LAND 41-Heavy crown cover {40% & over)
42-1ight crown cover (10% to 40%)

WATER 51-Streams and waterways
h2-Lakes
53-Reservoirs
54-Bays and estuaries
55-0ther

NONFORESTED WETLAND 61-Vegetated
62-Bare

BARREN LAND 72-Sand other than beaches
73-Bare exposed rock
74-Beaches
75-0ther

ORIGINAL PAGE I§
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LAND USE IN SELECTED BASINS

Using maps prepared in accordance with the CARETS classification
system (table 1), land use was defined for selected basins listed in
table 2. The basins for which land-use information is presented are in
the northwest and north-central part of the CARETS region (fig. 1). They
represent a broad spectrum of land cover ranging from predominantiy
agricultural in the Delmarva Peninsula to urban in the Washington-Baltimore-
Wilmington corridor. Land-use data were obtained by drawing the boundaries
of each selected basin on clear plastic sheets. These basin outlines,
prepared at scales of 1:100,000 or 1:250,000, were used as overlays. on
CARETS land~use maps. The percentage of a basin ascribed to any particular
category was determined manually using a dot pianimeter. The dot planimeter
is a uniform grid of dots on a clear plastic sheet which was placed over
the basin boundary overlay. Land use beneath each dot was recorded, the
number of dots subtotaled by category, each category subtotal was then
divided by the sum total of dots within the basin boundaries, and the

result multiplied by 100 to yield percent.

Land Use Based on High-Altitude Photographs

Land-use information for 49 basins based on high-altitude photographs
js summarized in tables 3 and 4 at Levels I and II respectively. At
the 1:100,000 scale used to compile tables 3 and 4, the smallest
depictable area is about 10 acres (4 hectares), or the equivalent of a
square 656 ft (200 m) on a side (Alexander, 1975, written communication).
Table 3, which shows generalized Level I Tand-use categories, is a

compilation of the more detailed Level II category listings in tabhle 4.



Table 2. -- Drainage basins analyzed for land use and gaging stations used in muitiple regression analysis.

Station Station name Latitude Longitude Dr:ii:ge Perio:ﬂ:iyzzgord
Ko. (miz) {water years)
01477800 Shellpot Creek at Wilmington, Del.* 399451 39" 75%31' 10 7.46 194567
01478000 Christina R. at Coochs Bridge Del.* 39°38' 16" 75%431 46" 20.5 1943-67
01478500 White Clay Creek above Newark, Del.* 39%42' 50" 75451 35" 66.7 1952-5%, 1962-67
01479000 | White Clay Creek nr. Newark, Del. 39%42t00" 75%41 120" 87.8
01483200 | Blackbird Creek at Blackbird, Del.” 39°21° 58" 75%40710" 3.85 1952-56"",1937-67
01483500 Leipsic River ar. Cheswold, Del.* 39°13'58" 75°37'57" 9.35 1932-33,1943-57, 12;2;
01484300 | Sowbridge Branch nr. Milton, Del. 38°48'51" 75°%19" 39" 7.08 1956-67
© 01484500 Stockley Braach nr. Stockley, Del.* 38%38' 19" 75%20' 31" | 3.24 1943-67
01485000 | Pocomoke River nr. Willards, Md. 38%23720" 75%19 30" 60.5 1949-67
01485500 Nassawango Creek ar. Snow H1ll, Md.* 38%13745" 75%28" 20" 44,9 1949-67
01486000 | Nanokin Brook nr. Princess Ann, Md." 38°12750" 75°40'18" 5.8 1951-67
01486500 Beaverdam Creek nr. Salisbury, M. 38°21705" 75%34"'11" 19.5 1930~33,1934~35,1936-67
01487000 Nanticoke River nr. Bridgeville, Del.* 38%43742" 75%33 1440 75.4 1943-67
c O 01487500 | Trap Pond Outlet nr. Laurel, Del.” 38°31140" 75%29 100" 16.7 1951-67
™ % 01488500 | Marshy Hope Creek nr. Adamsville, Del." 38%51'00" 75%40" 29" 44.8 194367
Eg'Ea - 01489000 | Faulkner Br. at Federalsburg, Mg, 38%42745" 7597 35" 7.1 1950-67
g%}g; 01490000 | Chicamacomico River nr. Salem, Md.: 38%30 45" 7575250 15.0 1951-67 .
2 ro 01491000 Choptank River nr. Greensboro, Md. 38%59"' 50" 75%477 10" 113 1948-67
S 01492000 | Beaverdam Branch at Matthews, ¥d. 28%48' 40" 75°58' 15" 5.85 1950~67
] 01492500 | Salle Harris Cr. nr. Carmichael, Md. 38°57'55" 76°06 ' 30" 8.09 1951-56,1957-67"
17 01493000 | Unfcorn Branch nr. Millington, Md." 39°15'00" 75%51"40" 22.3 1948-67
- 01493500 | Morgan Creek ny. Kennedyville, Md." 39%16'50" 76°00755" 10.5 195167
01494000 | Southeast Cxeek at Church H{ll, Md.” 39%7's7" 75°58"51" 12.5 1951-56,1957-65"
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Table 2. -~ Drainage basins analyzed for land use -- Continued

. Drainage Period of record
St;;Ton Station name Latitude. Longitude ?;:%) (wiziiy;::rs‘

01495000 | Big Blk Creek at Eik Mills, Md. 39°39'26" 75%49 120" 52.6 1932-67

01495500 | Little Elk Creek at Childs, Md.~ 39°38" 30" 75°52' 00" 26.8 1949-58

01496000 | Nortneast Creek nr. Leslze, Md. 39°37' 40" 75°56 140" 24.3

01579000 | Basin Run at Liberty Grove, Md.® 3939 130" 76°06 110" 5.31 1948-58,1965-67

01586000 N. Br. Patapsco R. at Cedarhurs:, Md.* 39°30 06" 76°53 00" 56.6 1945-67

01589300 Gwynns Falls at Viila Nova, Hd; 39%20743" 76%44" 01" 32.5 1957-67

01590000 | North Raver nr. Annapolis, Md. 38759 100" 76%37' 2" 8.5 1932-67

No gage Rhoae River nr. Galesville, ¥d. 38°52100" 76°31'00" 14.8"

01591000 | Patuxent River nr. Unity, Md.: N 39%14'18" 77%03'23" 34.8 194467

01534500 Western Branch nr. Largo, Md. 38°52" 34" 76%47 54" 30.2 1950~67

01594600 | Cocktown Cr. nr. Huntington, Md. 38%38 127" 76%38'07" 1,85 1957-67

01594800 | St. Leonard Cr. nr. St. Leonard, Md. 38%26' 57" 76%29143" 6.73

01645200 | Watts Branch at Rockville, Md. 39°05'03" 77°107 38" 3.70 1957-67

01646200 | Scott Run nr. McLean, Va. ) 38%57'32" 77%127 21" 4.69

gizigzzg ii:;lszaiiSS:Z;rZE; Eithe:::;ind. \ 38:57‘27" 77:06‘31" 4.1 1944-59,1960-61 1961~67
. .y ngton, D;C. 38758'21" 77°02%25" 62,2 1928~67

01649500 N.E. Br. Anacostia R. at Riverdale, Md. 3¢%7137" 76955 34" 72.8 1938-67

01650500 N.W. Br. Anacostia R. nr. Colesville, Md.* 39°p3*55" 77%01"' 48" 21.1 1924~67

01652610 Holmes Run nr. Annandale, Va. . 18°50147" 77°10728" 7.10

01653500 Henson Creek at Oxon Hill, Md. 38%47'05" 76°58' 42" v 16.7 1948-67

01653900 |Accotink Cr. nr. Falrfax, Va. 38%48" 46" 77913 43" 23.5

01655500 Cedar Run nr. Warrenton, Va.* 38%44 30" 77°% 715" 13.0 1950-67

01656800 | Cub Run nr. Chantilly, Va. 38%54 30" 77%28'01" 7.13

01656940 Cub Run at Lee Highway nr, Chantilly, Va. 38%45' 59" 77%27' 50" 39.6
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Table 2. -- Drainage basins analyzed for land use -- Continued

Drainage Period of record
Station Station name Latitude Longitude area analyzed
No. (mz) (water years)
01657800 | Giles Run nr. Woodbridge, Va. 38%40 748" 77%13'36" 4.54
*
01658000 Mattawoman Cr. nr. Pomoakey, Md. 38°357 45" 77°03'25" 57.7 1950-67
*
Station used in regression analyses.
Kk
Annual maximum discharge only.
+ Incluges entire drainage basin above confluepce with West River.
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Table 3, --Level I land-use classifications,

selected basins in Delaware,

11 percent, for

Varginia, (Based on high-altitude photography).

eastern Maryland and

Index LEVEL I Categories
No.
(f: = STATION NAME AGRICULS ' )
.47 . URBAN TURE FOREST WATER | WETLAXND | BARREN

4778 Shellpot Creek at Wilmington,

Del.* 84.9 3.5 11.0 0.6 0 D
4780 Christiana River at Coochs .

Bridge, Del.* 20.9 | 59.9 19.2 0 0 0
4785 White Clay Creek above Newark,

Del.”® 3.0 | 78.0 19.0 0.05 ¢ 0
4790 | White Clay Crcek nr, Newarh, Del. 11.1| 69.7 19.1 D 0 0
4832 Blackbird Creek at Blacibira ,

Del.” 0 61.6 37.6 0.8 0 0

*®

4835 Leaipsic River mnear Cheswold, Del. 0 82.3 17.7 D 0 0
4843 | Sowbridge Branch near Milton,Del* d 46.9 52.5 0.6 0 0
4845 | Stockley Branch at Stockley, pel.” 1.3 | 56,5 42.2 0 0 0
4850 | Pocomoke River near Willards,Md 4 0.2 | 49.6 50.2 0 0 0
4855 Nassawango Creek near Snow H:1l1l,

Md.* 0.2 | 20.2 79.6 0 0 0
4860 | Manokin Br. near Princess Ann M 0 31.6 68.4 0 g 0
4865 Be%yerdam Creek near Salisbury,

Md. 5.1 44.7 49,8 0.4 0 ]
4870 Nanticoke River near Bridgeville,

Del.* 1.1} 57,6 41.3 0 0 0
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Taeble 3. --Level I land-use classifications, in percent, for
selected basins in Delaware, eastern Maryland and
Virginia--continued
Index R LEVEL I Categories
I
f§o.2‘ STATICN MNAME AGRICUL-
(fig.2) URBAN TURE FOREST WATER -} WETLAND ; BARREN
4875 Traa Pond Outlet near Laurel,
Del. 0 26.3 72.8 0.6 0.3 Q
4885 Marshy Hope CT near Adamsville,
Det.” 0.1 58.0 41.9 0 0 0
4890 Faulkner Branch at Federalsburg,
Md.* . 0 72.5 27.5 0 0 0
4900 Chicamacorico River, near -
Salem, Md.* 0 53.0 46.8 0.2 0 o
4910 | Choptank River near Greensboro,
Md.* 0.1 55.8 43.9 0 0.2 0
4920 Beaverdam Branch at Matthews,
Md.* 0 71.2 28.8 0 0 0
4925 Sallie Harris Cr.near Carmichael,
Md. * 0 67.9 32.1 0 0 0
4930 Unicorn Branch near Millington,
M. ¥ 0.4 70.1 29.2 0.3 0 0
4935 Morgan Creek near Kennedyville,
Md. ¥ 0 96.2 3.8 0 0 0
4940 Southeast Cr.at Church Hill, Md.* 0 73.5 26.5 0 0 0
4950 Big Elk. Creek at Elk Mills,Md.” 1.1 85.9 13.0 0 0 0
4955 Little EIL Cr., at Childs,Md.* 1.2 79.5 18.3 01 0.9 0
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Tasle 3. --Llevel T landeuse classafications, 1n percent, for
selected basins 1n Delaware, eastern Maryland and
Virginia--Continued
Index LEVEL 1 Categovries
No. RICOL-
X STATION NWAME Al .
(fig. 7} : URBAN | TURE FOREST | WATER | WETLAND | BARREN
4960 Nortneast Creek pr., Leslie, id. 4.0 £0.1 15.9 0 0 4
%
5790 Basin Rum at Liberty Grove, Md. 1.2 73.4 24.7 0 0 0
5860 North Branch Patapsco River at
Cedarhurst, Md. 3.6 70.9 25.3 0.1 0 a.
5893 | Gwynns Falls at Villa Neva, u4.% 35.4 25.7 40.0 0 0 8.9
*
5900 North River near Annapalis, Md. 0 33.0 67.0 0 0 0
. +
5905 Rhode River nr. Galesville, Md. 3.7 39.7 4£2.9 12,2 1.5 Q
5910 | Patuxent River near Unity, ¥d.* 1.5 66.3 32.2 o 0 0
%
5945 Western Branch near Largo, Md. i8.5 8.6 42,9 0 0 0
5346 Cocﬁtown Creek near Huntington,
Md. 1.6 7.7 44.7 o 0 0
5948 St. Leonard Creek near 5t.Leonard,
. M, * 0 18-9 81.1 0 0 D
%
6452 Watts Branch at Rockvilie, Md. 42.5 40.9 14,6 0 0 0
6462 Scott Rum near Mclean, Va. 55.4 9.6 34.8 0 0 J
64655 ) Little Falls Branch near
Bethesda, Md.* 93.9 0 6.1 0 o 0
5480 Rock Creek at Sherrill Drave,
Washington, D.C.* 53,3 26.1 20,3 6.3 0 0
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«--Level I Jand-use classifications,

Table 3. in percent, for
selected basins 1n Delaware, eastern Maryland and
Virginia--Continued
Index LEVEL I Categories
No.
5T h AGRICUL-
(f2g.2) ATION NAME URBAN { TURE FOREST | WATER | WETLAND
6495 N.E. Br. Anacostia River at
Raiverdale, Md. 45,1 15.8 38.9 0.2 0
6505 N.¥ Br. Anacpstia Raiver near
Colesvalle, Md.* 26.0 42.4 31.6 0 0
65261 Holmes Run near Annandale, Va. 67.9 1.3 30.8 0 0
6535 | Henson Creek at Oxon Hill, Md.* 63.2 4.8 32.0 0 0
6539 Accotink Cr. near Fairfax, Va. 71.1 8.6 20.2 0 0
657c | Cedar Run near Warrenton, Va.™ 1.9 63.1 3e.0 0.4 0
6568 Cub Run near Chantilly, Va. 49.9 28.0 22.1 0 0
65694  Cub Run at Lee Highway near
Chantilly, Va. 18.5 46.9 34.0 0 0
6578 Giles Run near Woodbridge, Va. 11.8 33.3 54.9 0 0
*
6580 Mattawoman Cr.nr. Pomankey, Md. 7.2 24 7 68.0 0.1 0
*Station used in regression amnalyses
+Includes entire drainage basin dbove conffluence yith West River.
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Table 4. —— Level II land-use classifications, in percent, for selected basins in Delaware, eastern Maryland and Virginia
{Based on high-altitude photography).

- : . . - 5 . - o " .=
IR T T T KR - - S O I R EE T - B3
B Shele,2 | 338 | 352 | o350 [~58 | 250|729 {58 {8758 878 | %8
c @ = oo [ = Y - O~ —~ E | PR -] © 6 ol « 5O Pl 02 0:3 gg: =mv soz
ey B aE<| o UzZs tugw a9 _z:;: AR - o . Z o= N om oo
b Level II Eroiall B 0o " o "o HoZ % 4 E= e - ga
3= Category E?"H PR :3'_; :;__; 3:‘,_; g 3 e g QL ) S ® 5
Description GRE|SHE | SR8 (£28 | 268 [ 2E8 [SER [ 6wl [ac? |[=fE | =aZ |=cZ
{1/ | URBAR LELTAE RILP0EE (AP ity VHirrr i ity Vi s Were2 iy Vrdrefr Wrddsd \rridid Virirld
11| Residential 69,8 | 15,01 1.8 | 7.1 0.1 11
12 | Commercial 2.9 0.3 0.3 0.8
13| Industrial 2,0 0.3 1.3 )
14 | Cxtractive 0.1
15 { Transportation 1.% 1.5 0.1 0.1 3.2
16 { Institutional 5.4 0.9 0 0.9 i.3
17 | Strap orclustered 0.4 , 0.2 0.1 0.8
18 { Mixed 0.7 0.3
19 | Open or other 4 6 0.7 0.3 0.5 R R R R A D
f4f | AGRICULTURE L0 ASEEPE A EP AT V2T Y i i i 1 i Wil 10 VLT L i ity
21 | Cropland & pasture 3.5 59,9 78.0 69,7 61.6 82.3 46,5 56.5 4914 19.2 31.6 ] 44.3
22 | Orchards '
23 ] fecding operations ) - 1.8 0.4
24 | Other 8.4 0 2
//// | TORESTLAND PELLAPVEELIE VLA e 2200 L pdbd i fied s V40 idi b id i it Vididdi yiidsd \1idiid
41 § Heavy_crown cover 10.1 18.2 18.5 18.7 37 6 17.5 51.8 42,2 49.3 74.3 67,9 | 47.9
42 { Lipht crowh cover 0.9 1.0 0.5 0.4 B 0.2 0.7 : 09 5.3 0.5 1.9
/] | WATER LLLEEL VIS {42000 Vagadd N apdd gt Vi i g2 gt Vg d 2 p Va2 g Vi i rr Viiids Vit2its
52 | Lakes o X . 0.6
53 | Reservoirs 0.6 0.05 | 0.1 0.8 | ’ 0.4
54 | Bays and estuaries : .
/47 | WETLANDS LIEINE S TR A VA Fr a0 VEn i i i V7 i iV re i) Yniidi ibs sl Vititld
61 | Vepetated 0 1 ] :
/// | BARREN LAND AL I VAt it \E it iidd (A i gtV eriddd 34l (Wit d4iiiid
75 t "Other" _
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Table §, -~ Level IY land-use classifications, in petcent, for selected basins in Delaware, eastern Maryland and Virginia
{Based on high~altitude photography). -.. Coatinued.
: e = s 1. = PR e
.- (S ._§ o - [ no -] [aBK) | odhind .
ol ot — | S wE - Q aon wd B OS] [ & ] L

-8 o . [Ty S o~ I [ e -] L =1 [~ <] = |  oh .- - B —
(] U W i~ T M~ =T <] oo Em~oO wno [ =] [P R3] [~ I~ = ] H AW - f=] e O
QQ g e ) f S =4 60 [« BT ] P b OO O o ih ] Lo = o [ IR T, ] LL 7 ] L B ] L - i U}
0.0 o < o] L8 L E Q U < ) e [—3 + -] o Lo TE NV £ = th S o Ot AL Z
O E [F RT3 O &~ = o~ 3 [ = I o = - - LB i o [T =3 oo £ T @ kW Lo -~
el Level I1 ot oo o o £ . o ko @ o Ges © et = o 0 £ 3= mﬁa-:
8= Category SRR Bl 0T VTR = Rl - 69 e | oe |85, | RE.LES wa i

Descraption SR E833 2 | SR 2. GEB| AGB | TaR |52 | 2821 8ua | Rew
i . A - u:zE - mc-H - - o= o =
f/7// ] URBAN LAFFEF VIFEAPE | FREFdd (T Ered VArErre s Tri77i iV iririr iy 777irar 1 rr7fif
114§ Residential 0.6 - 8.3
12 ) Commercial 0,1
13} Industrial
141 Extractive "
15| Transpertation
16| Institutional 0.2
17| Strap or clustered 0.4 0.1 0.1} 0.4 .6
18| Mixed i ]
19| Cpen or other
LA/ | AGRICULTURE [hatd N\ LE8LL VP Ei i |10 VAT ar v P ey it i Wii ey {dririr y riiiiiesiirl Vititid
21} Cropland & pasture| 57 4 26,1 58.0 , -72.5 53.0 | 55.8 71.2 | 67 9 70,1 | 96,2 | 73.5 | 85.9
221 Orchards 0.1
23| Feeding operatioas
241 Other 0.1 0.2 .

/// | FORESTLAND LA ALEEP7T VPP T F7r P Er P il 7 i 2 i nr i i T T T YT T
41| Heavy crown cover | 47,9 63.1 41 7. 27,5 44.0 ] 43.0 28.8 | 32.1 27.7 3.8 26.5 | 12.9
421 Light crown cover 0.1 9 7 0.2 2.8 0.9 i 1.5 0.2 0.1

L// | WATER ) 0L VILLEEE L FT AL BRI VL0 SR P R 0T FT 8 20 d i i i nd V rir i iNiiiidd Viiirttl
52 { Lakes 0.2 D.3
53| Reservoirs 0.6
54 | Bays and estuaries .

[/ 1 WETLANDS AN RN AR AN RN I AN RN AR NN IR Iy eti
61 | Vegetated 0.7 . 0,2 i}

//// | BARREN LAND LLLLE Vi da it At f Y p s gV pg i Vppppgad pppppp 1 L0000 0VELI0E VAL LA Wi ddd L il
75 § "Othexr" )




Table 4, == Level 11 land-use rlassiffeations, in pereent, for sclected banins in Delaware, castern Maryland and Virgima
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(Based on hagh-altitude photography) ~-- Continued.
E : o
. 5 vy sz g |25 | =R R R EE
-7 ~ o 4 O = -
et Fawl wes| s8o | B2e | 500 | 2ag | Sn|laa | Son) 22 58T ) 20
o E —~ @ - o 0 ot o o w0 — 00 oo zoa = o 5 no zes 8 U e
€3 Level 11 24371 24832 ol en2 | =825 omm | % B O <= R O = na=
3= Cat?gory :ﬁ Eﬁ .EE he £= j ve 30 3 £ i w= -0 . :::nd .
Description megl owd| ghm | ed Loz oSz | Suz| ShE | 20F | SEE AER | 2GE
f/// ] URBAN TI7TIT (777777 | 77777 777777 1777777 {777 777 777777\ [ 177777 {77777 777777 1777747
11§ Residential 0.4 0 5 1.9 17 26.9 3.5 1.0 12.3 26.2
121 Commercial 0.6 8 0.1 1 4 7.2
13] Industrial 0.5 0.1
14| Extractaive 0.1 0.3 .
15| Transgortata.on 6 7 0.2 0.5 1.8
16| Institutional 26 02 1.9 5 0
17} Strip or clustered 0.4 2 8 0 6 0.4 0.4 0 3 16
18 | Mixed ) 0 4 0 1
19 | Open or other 2.1 R 21 2.3
// 1 AGRICULTURE fhitrd VLA T I7 7T A EAdiiid [ A i e d e o d 0000 V07000 L 000y ininr ( 1iiiif
21l [ Cropland & pasture! 79.% 80.1 73.4 70 9 23 7 33.0 39.7 66.3 38.6 57.7 15.9 40.4
221 Orchards
23| Feeding operations
24 | Other
// | TORESTLAND RN AN A
41 ) Heavy crown cover | jg 9 12.1 1227 23.7 33.3 67.0 | 42.9 31.8 41.4 | 40,7 so.7| 11.8
42| Light crown cover 7 1 3.8 2.0 1 6 6 7 ‘0.4 15 0.4 4.8
Ll | WATER (i Varfdd VEiig y 2000l 20 i b | AR A 1R Y LN A R A
52 1| Lakes
53| Reservoirs 0.1 0.1
54 ] Bays and estuaries 12.2
//// | WETLANDS IR RN AN YR ANnnTnnaANIIInuis v
61 | Vegetated 0.9 1.5
/// | BARREN LAND LS4 Npptrng Vippifs \ 4t gttt i dppttpdeggppg VELAPPQVIAA0 VIR0 LI (1AL
75 | "Other"® 01 09




Table 4, —- Level II land-use classifications, in percent, for selected basins in Delaware, eastern Miryland and Virginia
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{Based on high-altitude photography). -~ Continued.
= Q 2

> :: v S o:z nc.: 2.—. : 3-; E E' Ev %ﬂ
g3 see |5 L4l88s | n3e| efe| 338 |5%g |Dhe |sga | | Do |5k
v E [=-S- I- b BRc o fu o b & O =r H & O o W = = fo- I Tl = & u} aEWw Cﬂ'gg
oo Level I1I RERY:S vhruslOwwo o sojaanmal newo o ::: %g: 322 :g: o2
8%  Ccategory CET |DTETLET | LGET] S8 EET |us o =, LY. 1.7 . | 2F.
| Deserierion Ses [H33g8ug [H2eg|i5ng| Sug [Bu3-|20s |S52 (882 |5E2 |ors

///{ | URBAN FIFEED Y FTrr V7 i i i i rirr Virrir i 7 r iy il {77777 777 7T iirir [ i77i7id
11} Residential 24 8 72.9 37 5 24 5 14 9 49.1 39,4 i 12 7 1 6 5.1 6.4
12| Commercial . 14.9° 12,0 5.4 4.8 09 30 5 4 12.3 0.3
13 ] Industrial _ 0.5 1.1 1 8
14| Extractive 0.1 3% 6 2 . 0 0 7 7
15} Transportation 12 6 . 0 4 o 3.5 5.6 5.0 13,4 2.8 1.4
16 | Institutional 0.7 4,1 3 9 0 6 6 9 2 2 2 0 0.3 0,2 3.3
17} Strip 6r clustered g _4 0.4 0.3 (LI 1.3
18} Mixed 0.1
19t Open or other 2.6 9 0 5 7 S.i 9 2 3.4 4.1 7.3 34,9 8.2

fLL ) SCRICULTURE PLr VALLALP VAL E A LA AAid L LRES iy s ERED VA EEREE PRIV R P EET
21 ] €ropland & pasture| 9 g 25 7 15 8 a2 4 1.3 4 8 8 6 | 63 1 28.0 | 46 © 33 3
22§ Orchards 0.4
23| Feddang operations
24t Other

/ | FORCSTLAND Ry RN AR I AR e

41 ¢ Heavy crown covery 28.8 2.4 ig.1 36 3 N 25.6 29.3 28 4 17 3 33.0 15.4 30 8 54.5%
42} Light crown cover 6.0 3.7 2 2 2 6 6 0 1.5 3.6 30 1.6 6.5 3.7

[/ WATER NN RN RN AN R RN R A NN AN AN IRy
52 ) Lales 0.1 ¢ 1
53 ) Reservoirs ' 0.2 01 0.4
54 | Bays and estuaries )

/177 1 WETLANDS ) L0 VAL L N 2P 2P P i VLA i LA i Vrndliyitit il | iiiil?
61 ! Vegetated

({// | BARREN LAND MLLLLL LLILS LI VLR Y p g g g g AN LA L | L
75 | "Othex"®
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Table 4.

(Based on high-altitude photography). =-- Continuved.

-— Lavel 11 land.use classifications, in perceat, for selected basins in Delawars, eastern Maryland and Virginia

R | |
LEIN
- N
b5 5 3e
S e 8%
u3 hevel IT s Ex
O Categu?y oo
Description 8 o i
FZ/7 1 URBAN FLEETT 1171847 HHELEr | 117id] FTdlif Tl {777 rirrr {rinrnryirrili
11} Residentaal " g
12| Commercaal a 7
. 131 Industrial
14| Extractive a1
15) Transportation 01
16 Institutional 2.0
17§ Sttip or clusteredi 0.7
181 Mived )
19 | Open or ather 0.8
f{7) ) AGRICULIURE IFrIS TR FAiis L1 JERIITEEEE VELIEEE | LR EREEe [ TS
21 ) Crupland § pasture | 24.7
22 ] Orchards
23 ) Teeding operations
24| Other -
fl/FF FORESTLAND LA 1A FEAA IR e FrTTTF Y ATV iir Viiliid
41| Heayy crown cover |67.0 |
421 Light crown Cover 1.0
frLF ] WATLR TR LA\ rrrild s FLLTEE Vir i il iiiier [ Aididd
521 Lakes )
53] Resexrvoirs 0.1
g4 Bays and estuaries
£127 1 WETLANDS LIAEE vl LELEEN TS i AEATAE VIFLL A TR Vi)
61} Vegctated . .
{1/ | BARREN LAND FIRITERVIEEYi LALLpp a2t iLL LELLLY AR IR TN BRIV IR SN NN AN,
75 1 "Other"




For example, at Shellpot Creek (station No. 01477800), 84.9 percent of the
basin is characterized by the Level I, URBAN category (table 3). This value
was obtained by adding the various Level II categories listed under the
generalized URBAN classification in table 4. Thus, the 84.9 percent URBAN
Level I classification shown in table 3 for Shellpot Creek is equal to the

sum of the following Level II URBAN categories 1isted in table 4:

Category and number Percent
Residential (1) ~memmmmmeeena 69.8
Commercial (12) ~memmemccnuea 2.9
Transportation (15) --ec-eemeeau-a- 1.5
Institutional (16) --erceworawan 5.4
Mixed (18) wmwwmcmmemee 0.7
Open or other (719) —-emeemmmaee- 4.6
TOTAL 84,9

Similarly, the Level I FOREST category for Shellpot Craek (11.0 percent)
in table 3 was obtained by adding Level Il forest heavy crown cover (i0.1}
percent) and 1ight crown cover (0.9 percent) in table 4. Because only single
Level II categories, cropland and pasture, and reservoirs correspond to the
general lLevel I category of AGRICULTURE and WATER respectively, identical
values are shown at corresponding category levels for Shellpot Creek
(tables 3 and 4).

Based on high-altitude photographs, the highest measured percantage
(93.9) Level I URBAN designation was at Little Falls Branch near
Bethesda (table 3). By way of contrast, no urban development was détected
in the high-altitude photographs of 11 Delmarva Peninsula basins. Agricul-
tural usage ranged from zero at Little Falls Branch to 96.2 percent at
"Morgan Creek near Kennedyville, Forest cover ranged from 3.8 percent at

Morgan Creek to 81.1 percent at St. Leonard Creek near St. Leonard. With

1B
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the exception of Rhode River near Galesville, water areas identified in
the 1:7100,000 scale land-use maps amounted to less than 1 percent of the
total drainage area of all basins. The Rhode River watershed is the only
basin without a stream-gaging station as its downstream reference point.
Land use given in tables 3 and 4 for the Rhode River catchment is for the
entire basin above its confluence with West River. The high percentage
(12.2) of the basin in the WATER category results from the largely es-
tuarine lower part of the watershed. Wetlands were detected in four of
the basins while only two basins had land use corresponding to the Level
I BARREN category.

Land tise Based on Landsat-1 Imagery

The significantly Tower resolution of Landsat imagery relative to
high~altitude photography precludes its use as a data source for all
Level II Tland-use categories. As previously noted, however, satellite
imagery was used as the source base for preparing highly generalized
Level I Tand-use maps at a scale of 1:250,000. The basic problem with
Landsat imagery as used in this project is that its spectral and tonal
signatures cannot always be consistently matched with categories in
land-use classification scheme§,especia11y where Tand parcels are smail
and categories are intermixed (Alexander, 1975, written communication).
CARETS interpreters experienced particular difficulty in accurately
mapping urban and built-up Tand in non-metropolitan areas using Landsat

imagery (K. Fitzpatrick, 1976, oral communication).

22



Level I Tand use for 46 selected basins using satellite imagery as
the primary source of land-cover information is shown in table 5. In
general, these data are within 10 to 15 percent (by category) of the
more accurate Level I land-use va1u§s based on high-altitude photography
given in table 3. K. Fitzpatrick (written communication, 1975) reports
that Level I land-use maps, when mapped from high-altitude photography
were 7 percent more accurate for the entire CARETS area than the much
Tess expensive Level T satellite-based land-use maps. However, accuracy
differences greater than 7 percent between high-altitude and satellite
sensors occur in table 5 owing partially to the small size of some of
the hasins selected for land-use analysis. Thus, in addition to errors
stemming from Tower resolution and problems with spectral-signature
discrimination, errors inherent in accurately positioning. such small
basins on 1:250,000 scale land-use maps introduced additional variance,
thereby further amplifying accuracy losses. Despite additional errors
due to basin size, category differences in excess of 20 percent between
Level I data based on high-altitude photography (table 3), and that based
on satellite imagery {table 5) were detected in just eight basins.

As anticipated, the largest discrepancies when comparing
high-altitude with satellite sensor derived Level I categories generally
occurred in suburban areas. Interpreters encountered difficulty segre-
gating urban areas from surrounding non-urban land use in satellite
imagery. For example, extensive urban areas in the N.W. Branch Anacostia
River basin near Colesville, just north of Washington, D.C., were incor-
rectly interpreted as agricultural land in Landsat-1 imagery:; accordingly,

a high proportion of the basin (71 percent) was placed in the AGRICULTURE
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Table 5.

--Level I land-use classifications, in perc
selected basins 1in Delaware,

Virginia (Based on Landsat imagery)

ent, for

eastern Maryland and

\

Index
No. STATION NAME LEVEL I Categories
{(fig.2) AGRICULA
URBAN TURE FOREST WATER WETLAND

4778 Shellpot Creek at Wilmington,

Del. 86 0 14 0 0
4780 Christiana River at Coochs

Bridge, Del.* 12 56 30 2 0
4785 Wh1&e Clay Creek above Newark,

Del. 0 80 20 0 ¢
4832 Blackbird Creek at Blackbaird,

pel.* 0 51 19 0 0
4835 Leipsic River near Cheswold,Del.* ] g1 9 0 0

*

4843 | Souwbridge Branch near Milton, Del. 0 52 48 0 0
4845 | Stockley Branch at Stockley,Del.*| 1 61 38 0 0
4850 Pocomoke River near Waillards,

Md.* 0 43 56 0 1
43855 Nassawango Creek mnear Snow Hill,

Md.* 2 26 72 0 ¢
4860 Manokin Br. near Princess Ann,

Md. 0 30 70 0 0
4865 Beaverdam Creek near Salaisbury,

Md.* 4 51 45 0 0
4870 Nanticoke Rive Bradgeville

Del.* tver neax g 1] 54 45 1 G
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Table 5.

-- Level I land-use classifications based on Landsat imagery, in percent -- Continued.

Index LEVEL I Categories
No. STATION NAME AGRICU-
(fig. 2) URBAX TURE FOREST WATER | WETLAND
4875 |Trap Pond Cutlet near Laurel, Del.™ 0 28 72 0 0
*
4885 |[Marshy Hope Cr. near Adamsville, Del. 4 56 40 0 0
4890 |Faulkner Branch at Federalsburg, Md.* 0 71 29 0 0
4900 |Chicamacomico River near Salem, Md.* 0 47 53 0 0
4910 |Choptank River near Greensboro, Md.* 1 55 44 0 ¢
4920 |Beaverdam Branch at Matthews, Md.* 0 93 7 0 0
4925 {Sallie Marris Cr. near Carmichael, Ma.* 0 69 ka8 0 0
*
4930 {Unicorn Branch near Millington, Md. 0 % 26 0 0
4935 |Morgan Creek near Kennedyville, Md.™ 0 97 3 0 0
*
4940 {Southeast Cr. at Church Hill, Md. 0 71 29 0 0
*

4950 |Big Elk Creek at Elk Mills, Md. 0 80 20 0 o]
4955 |Lattle Elk Cr. at Childs, Md.® 0 62 38 0 0
4960 |Northeast Creek nr. Leslie, Md." o 71 29 0 0
5790 IBasin Run at Liberty Grove, M. 0 100 v} 0 0
5860 |North Branch Patapsco River at

Cedarhurst, Md. 2 8l 17 "] 0
5893 |Guwynns Falls at Villa Nova, Md.” 45 25 30 0 0
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Table 5, =~ Level L land-use classifications based on Landsat imagery, in percant —- Continued.
Index
No. LEVEL I Categories
(fig. 2} STATION NAME AGRICU--
LRBAY TURE FOREST HATER

3900 [Nortn River mear Annapolis, Md. ¥ 5 i3 82 ¢
5910 [Patuxent River near Unity, a, 0 45 33 0
5945 [Western Branch near Largo, 3d.” 19 35 46 0
5946 |Cocktown Creek nsar Huntington, Md.* 0 58 52 g
5948 {St. Leonard Creek near St. Leonard, Md. " 0 6 G4 Q
6452 fatcs Branch at Rockvalle, dd.” 81 24 15 0
6462 Scort Run near Mclean, Va. 65 0 35 ¢
64655 [Little Falls Branch near Bethesda, Md-* 94 0 6 ¢
6480 |Rock Creek at Shgrrall Drive,

Washington, D.C. 49 34 15 1
6495 M. E. Br. Anacostia River at Riverdale,Md| 55 13 32 0
6505 [N.W. Br. Anacostia Raver near Colesville

Md.* 6 71 23 0
65261 {Holmes Run near Annandale, Va. 90 0 10 0
6535 |Hemson Creek at Oxon Hill, Md. 85 0 15 0
6539 JAccotink Cr. near Fairfax, Va. 96 0 4 Q
6555 [Cedar Run near Warrenton, va.” G 8l 19 0
6568 |Cub Run near Chantilly, Va. 1z 50 38 0
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Table B.

——= Level I lana-use clagsifications

based on Landsat imagary, in percent -- Continued.
Index
¥o 1EVEL 1 Categories
y AGRICUL- ]

(f22. 2) STATLON NAME URBAN | TURE FOREST | WATER | WEILAND
6578 Gailes Run near Woodbraidge, Va. 49 ¥ 51 o] 0
6580 ¥sttawoman Cr. near Pomonkey, Md.k 1 29 70 0 0]

#*Station used in regression analyses




category (table 5). Based on high-altitude photographs only 42 percent

of the basin was agricultural and 26 percent was designated urban

(table 3). Using land-use maps derived from satellite imagery only

6 percent of the basin was categorized as urban {table 5).
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EXPERIMENT DESIGN

The approach used in evaluating remotely sensed land-use data as a
means of improving streamflow estimates was based on (1) selecting as many
stream-gaging stations from the basins listed in tables 3-5 as possible
to perform a meaningful multiple-regression analysis, (2) applying the
same basin and climatic characteristics utilized in the streamflow program
anaiysis of the Maryland district of the U.S. Geological Survey (Forrest
and Walker, 1970) to the study basins in order to develop regional equations
needed to compute specific streamflow characteristics, (3) incorporating
selected Level I and Level IT land-use categories developed from both high-
altitude and satellite sensors to define other sets of streamflow equations,
and (4) comparing standard errors of estimate for each streamflow characteristic
(control) equation developed using the basin characteristics available to
the Maryland district of the U.S: Geological Survey with those generated

by incorporation of remotely sensed land-use information.

STUDY BASINS

Records of 10 or more years are generally required to develop ’
meaningful streamflow statistics. Streamflow records spanning at least
10 years were available for 39 of the 49 basins for which land-use infor-
mation is presented (tables 3-5). These stations {table 2) formed the
network of study basins selected for multiple-regression analysis. The
study basins drain into the Chesapeake Bay, Delaware Bay and the Atlantic
Ocean (fig. 2}, and are situated in the Piedmont and Coastal Plain
physiographic provinces. The boundary between these provinces trends

northeast through the Washington-Baltimore-Wilmington urban corridor. The

]
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Figure 2. -- Map showing drainage patterns and the lacation of gaging stations analyzed
n this report.
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Piedmont is characterized by rolling topography, low hills and ridges,
and fairly steep side slopes. The Coastal Plain is low, flat, and poorly
drained on the Delmarva Peninsula, but west of the Chesapeake Bay is more
roiling with slightly improved drainage.

Average annual basinwide precipitation is quite uniform throughout
the area with the Towest amount of 39.9 inches (1010 mm) reported at
Cedar Run near Warrenton, Va. and the highest amount of 47.0 inches
{1190 mm) at three Delmarva Peninsula basins (table A-1, col. 19). As
previously noted, the study basins exhibit a wide variety of land cover
ranging from primarily urban in the Washington, Baltimore, and Wilmington
metropolitan areas, to extensively forested west of the Chesapeake Bay
in the abandoned farm areas just beyond the limits of urban development,

and to agricultural in much of the Delmarva Peninsula.
STREAMFLOW CHARACTERISTICS

The streamflow characteristics (dependent variable) used in the
streamflow ana]ysisrof the Maryland district span the full range of
discharge regimen observed at 105 gaging stations. These include
measures of high and low flows, discharge variability, and long-term
average monthly and annual streamflow. Forty streamflow characteristics,

in cubic feet per second, evaluated using all or some of the 39 gaging

stations in this report, are as follows:

Qa mean annual discharge, defined as the arithmetic
' average of the annual mean flows.

a, mean monthly discharge, where the subscript refers
i to the numerical order of the month beginning with

January as 1,
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SD
SD

D’TS

D,T,

5Q,

standard deviations of the annual means,

standard deviations of the monthly means, where the
subscript n refers to the numerical order of the
month beginning with January as 1,

annual flood peak discharge at T-year recurrence
interval; recurrence intervals of 2, 5, 10, 25,

and 50 years are denoted as P2, Ps’ p P
PSO, respectively.

and

10, 25,

flood volume characteristics are the annual highest

average flow for 3-day periods at recurrence intervals
of 2 and 25 years (VS,Z, V3’25), and for 7-day periods
at recurrence intervals of 2, 10, and 25 years (V7’2’

Y2, 10, Y7,2505

Tow-flow characteristics are the annual minimum 7-day
average fiows at recurrence intervals of 2, 10, and 20
years (M, o My 10, M7,200

discharde equaied or exceeded 50 percent of the time.

BASIN CHARACTERISTICS

Characteristics Based on Maps and Weather Records

Correlation studies performed on the Maryland district streamflow

analysis incorporated 12 independent physiographic and climatic parameters

into the muitiple regression analysis as follows:

A,

S,

L,

drainage area, in square miles, as shown in the latest
U.S. Geological Survey streamflow reports,
main-channel slope, in feet per mile, computed by the
10~ to 85-percent method (Benson, 1962),

main-channel length, in miles, measured from gaging
station to basin divide,

mean basin elevation, in feet above mean sea level,
measured from topographic maps by the grid method
(Benson, 1962).

32 OE P



L,

E,

main-channel Tlength, in miles, measured from gaging
station to basin divide,

mean basin elevation, in feet above mean sea level,
measured from topographic maps by the grid method
(Martins, 1968),

area of Takes, ponds, and swamps, in percent of total
drainage area, determined by planimetering such areas

on topographic maps,

forest*area, in percent of total drainage area,

measured from topographic m-pslby the grid method,

soil index, a measure of po-ential maximum infiltration
capacity, in inches, estima.ed from data provided by the
U:S. Soil Conservation Serv.ce,

mean annual precipitation, in inches, determined from
isoheytal maps prepared from National Weather Service
records, l

precipitation intensity, expected once every two years
over 24-hour periods, in inches, estimated from U.S.
Weather Bureau Technical Paper 29,

mean annual showfall, in inches, from snowfall maps
prepared from National Weather Service records,

average minimum January temperature, in degrees Fahrenheit,
from National Weather Service records,

average minimum July temperature, in degrees Fahrenheit,
from National Weather Seryice records.

Characteristics Based on High-Altitude Photograph

Land-use classifications based on high-altitude aerial photograph

were tested as independent variables in the multiple regression analysis.

These classifications, expressed in percent of total drainage area,

are as follows:
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u,

a,

T

W,

rs

I,

G

f1,

fhg

Level T urban or built-up land which comprise areas
of intensive use with much of the land covered by
structures,

Levels I and II agricultural land consisiing
predominantly of croplands and pasture,

level I forested land,

Level I and II water areas includes total area covered
by lakes, reservoirs, streams, and estuaries,

Level II, residential, consisting of housing ranging
from high density (multiple-family units) to Tow
density (houses on large lots),

level 11, industrial, consisting of land devoted to
Tight to heavy manufacturing,

Level 1I, other urban or built~up land consisting of
parks, cemetaries, zoos, waste dumps, golf courses,
and undeveloped 1and within,an urban setting.

level II, forest land, light crown cover (10 to 40
percent), and

Level II, forest land, heavy crown cover (40 percent
or greater).

Characteristics Based on Landsat Imagery

Land~use classifications based on Landsat-1 imagery were also tested

as independent variables in the multiple regression analysis. These

classifications, expressed in percent of total drainage area, are as

foilows:

Zu’

za,

f,

Level T urban or bujilt-up land which comprise areas of
intensive use with much of the Tand covered by structures,
level I agricultural land consisting predominantly of
croplands and pasture, and

Level I forested land.
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REGRESSION ANALYSIS

The multiple regression technique used defines the relation between
a single streamflow characteristic (dependent variable) and an array of
c1im§tic, physiographic, and lTand-use characteristics {independent variables)
for a selected network of stream-gaging stations. Only those independent
variables that account for significant measuras of variance in the stream-
flow characteristic under analysis are included in the reg;ession equation.
Those independent variables that had at Teast a 95-percent probability of
effectiveness were deemed significant to the equation. An indication of
accuracy provided by the equation relating a streamflow characteristic to
significant basin characteristics is provided by the standard error of
estimate. The standard error of estimate is a range of error such that the
value estimated by the regression equation is within this range at about two
out of three sites, and is within twice this range at about 19 out of 20
sites for the sample population.

Stepforward multiple regression analyses were performed by digital
computer using STATPAC program D0094. The program eliminated doubtful
dependent variable entries, added a small constant (0.0001) to those
dependent variables which go to zero, and transformed all dependent
variables and selected independent variables to their logarithms. The
independent variable that accounts for most of the variance in the depen-
dent variable was identified and entered into the regression equation.

Then the next most effective variable was added to the equation. Because
the significance of an independent variable in the equation changes with
the addition of each new variable, all previously included variables were

retested with the addition of a new variable,and any variable shown to be
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no longer significant was deleted from the equation. The addition of
variables accounting for a progressively smalier part of the variance
in the dependent variable continues until the equation is not signifi-
cantly improved by the i1ncliusion of any additional variables. For each
streamflow characteristic equation, the program provided the multipie
correlation coefficient, percent of total sums of squar;s of the dependent
variabie that are explained by the regression, and the standard error of
estimate of the dependent variable. Program D0094 also tabulated observed,
computed, and residual values of all streamflow characteristics at each of
the 39 gaging stations used in the analysis.

Observed, calculated, and measured values of all dependent and inde-
pendent variables used in the Maryland district streamfliow anaiysis were

obtained from the Streamflow/Basin Characteristics retrieval program E796

and are listed for each station in table A~1 (cols. 1-7, 19-55, 57-66).

MULTIPLE REGRESSION MODEL
The model equation used in the multiple regression analyses is:

log ¥ = b] log X] + b2 log Xz cee. bn Tog xn

tas bn+'lX nel * bn+2X nt+2
* by xm
or its equivalent form:
v=x P, P2 x P 12T Py Fan
¥ bn+2 xn+2 T bm Xm 1s
where
Y = a streamfliow characteristic
X3 to Xm = basin characteristics
a = regression constant, and
b1 to bm = regression coefficients.
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In this analysis, X1 through Xn were logarithmically transformed
whereas Xn+1 through Xm were not transformed prior to calculations.
Independent variables which tend to vary widely, such as (A) drainage
area and (L) main channel length, were log (base 10) transformed, where-
as those subject to relatively small variations were used directly. In
addition to drainage area and main channel Tength, (S) main channel
sTope and (E) mean basin elevation were log transformed. A1l other
basin characteristics were relatively stable and were used directly in
the model equation. The model equation was applied uniformly for the
development of control and experimental equations without comparing its
effectiveness as a predictive tool with models wherein all variables
are logarithmically transformed. Rather, simple comparative tests were
performed to evaluate the usefulness of remotely sensed land-use data
in improving estimates of individual streamfiow characteristics.

Specificaily, the model was applied to 39 gaged basins in the
CARETS region where land-use maps based on high-altitude photography
and satellite imagery are available. A control set of equations was
developed using the same basin characteristics that Forrest and Walker
(1970) incorporated into their evaluation of the Maryland district
streamflow program. The regression model was then applied success-
1vely to each of three experiments where additional land-use data

were incorporated as follows:
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(1) four level I land-use categories derived from
high-altitude photography,

(2) six individual and combined Level II land-use
categories derived from high-altitude photography,
and ,

(3) three Level I land-use categories derived from

Landsat~I imagery.

Comparisons were then made between the control equations for
individual streamflow characteristics and those developed for each
of the above experiments to determine whether significant improvement
in the standard error of estimate had resulted in any of the 40
streamflowscharacteristic equations. Changes of 10 or more percent
in the standard errors of estimates between the control and experi-
mental equations were arbitrarily deemed significant.

The remotely sensed land-use categories selected for analysis
depended on frequency of occurrence and percent basinwide coverage
of each category, and category accuracy relative to map derived
land-use data. For example, only four of six possible Level I Tand-use
categories based on high-altitude photography were tested in experiment
1. The Level I categories of wetiands and barren land were not used
because of the 39 basins in the regression analysis, wetlands were
detected in only three basins and barren lands in just two basins
(table 3). Moreover, with the exception of the Rhode River basin which
was not used in the regression analysis, the portion of either category
{(wetlands or barren land) relative to total area in any of the basins

was less than one percent (table 3). Map derived percentages of areas
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covered by lakes, ponds, and streams sere used in experiment 3 rather
than remotely sensed water data based on satellite imagery.

Resolution problems as well as spectral and tonal signature degradation
precluded accurate detection of the small water bodies found in most

of the test basins.
REGRESSION EQUATIONS

Tables 6-9 suymmarize the results of the multiple regression
analyses. The first column of each table indicates streamflow
characteristic (Y) coded in accordance with the scheme developed on
p. 31. The last column lists the regression constant (a) corres-
ponding to a particular streamflow characteristic. Regression
coefficients (bg) for those independent variables found to be
significant at the 95-percent level are listed in the intervening
columns. Not all 38 stations in the test network were used in
defining each of the regression equations shown in tables 6-9.
Owing to varying periods of operation and special purpose gages,
sufficient data to define streamfiow frequency relationships for alil
40 characteristics was not available at all gaging étations. For
example, two of the gages were designed to measure floods
(crest-gage stations) and were used only in the flood-peak compu-
tations. The number of stations used to develop each streamflow

characteristic equation is as follows:

s
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Streamflow Characteristic No. of stations

Po. Ps. Plo. Pos . 39
Gy, Qp_qp, SOAS SDy_y, 37
M2, Y7.2, Y7.10 34
™ 10 33
M?,ZO 32
s 29
Vs, 26
Y, o 25
V3,25 24
Psg 15

The regression analysis results incorporating physiographic and
climatic basin characteristics identical to those used in the Maryland
district analysis are 1isted in table 6. These are the control
equations with which equations using remotely sensed Tand-use infor-
mation were compared. Tables 7 and 8 present equations based on the
inciusion of four Level 1 and six Level II land-use categories, res-
pectively. These categories were based on land-use maps using
high-altitude photographs as the primary information source. Level I
land-use data based on Landsat-1 imagery at three category levels were

aiso analyzed and the results are iisted in table 9.
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Table 6. -~ Contrcl equations obtained by regressing streamflow characteristics against physiographic and climatic basin parameters
obtained from climatologic data and USGS ropographic maps.

f 5 L 7’. e 5/9-5;9 e Ao 5127;
Model is y:: AA’Sé‘Lé’Eé" jo{a.{-[); sk oo ot bypSe # bg P A ;59[-/— Y SUAT. )

Ex;_mnenf_ or coefficient of basin characteristic )
otace. |70 | e, | gein, | Yem fswersse [ lomeresy gl | e (el SIS e e
ar:’stics A slgpc lc;'\gth e!c;anon 5 ; 5 Pr;up . L1242 s, t;’:}’ f-;f;l’ ‘a bt
Qa 1.006 0.120 6.108 -.170
3 1.027 .140 J|p.019 -1.228
Q3 1.02¢9 .096 017 - ,918
9z l.022 L0017 .159 - .358
q4 1,006 .112 161 - 7ol
4g »959 .173 {0,013 - .752
q6 .986 - Laild
q7 .882 027 - . 583
a, 1.022 ) - .054
a9 .B87 . 021 - .50
94 .987 - .287
::(11 .9849 - .084
92 1,038 .168 - .619
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Table §, — Control equations obtained by regressing streamflow characteiistics against physmgrapﬂ:l.c and climatic basin parameters
obtained from climatologlc data and USGS topographic maps -- Continued.

Model iz y:_ﬁél.j‘ézi‘b’fﬁ# 70(5\1"55&4-5.:;} 67&4453P¥ -69.2.7" é/o‘fn#éﬂﬁ%é,z f7)

i Exponent or coefficient of basin characteristig -
flow Iraznsage Main | Main Mean Storage Forest, So1l Mean Precip. | Snewfall January July Reprosé-
charact- area channel | channel basin . covor andex annual intensaty aininum Baxipum | 10n
eristics slope length  |elevation precap. teap, temp, [comstant
Y A 5 L B S F Se P 2 S, T, Tq a
5o 1.022 .217 ~1.226
SDL .1.074 194 . - ,901
5D, 1.087 -.023 .200
$D, 1.037 .032 ~015 | -1.278
s, 1.018 .021 : ~-1.076
v, 1.015 ' . . - .223
8D, 1.039 ~ 400
sv, .935 ~.0055 - - .020
SDB 1.080 . - ~ .03
$D. -858 ' ' . .002 | -8.054
9 R .
S -947 027 L0043 } -.258 , .283
10 o . .
1.031 . \ ’ - ,313
80, ) .
1.087 . - 316
SD12 : , . Co . -
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Table 6. -- Control equations obtained by regressing streanflow characteristics a

gainst pnysiographic and climatic basin paramaters
obtained from climatologic daca and USGS topographic maps -~ Continued.

L gt buFy bySet byPt bed t buSod 64T 4 b T
wodor 10 Y A Pc87 ba gt o (dkbeSe t bl b Se b by Piba Lt oS bre77)

| Exponent or coefficient of basin characteriscic
1 M ?; s Forest, So1l Mecan Precip Snowfall | January July Regross-
t?lxg:act- 'Ir:i::gc c;j;?u:l ch:::el b:i:;.ln rorage c:::r index annual }'“‘e“;"” RIRLzUA FaX.aun co:\g:ant
wristics slope length jelevation precip TEny teap 2
Y A 8 L E Sy T Sa P - HEE A0 Sn Ty T
|
Pz 1,067 Q.776 —-.0039 - 023 1.312
PS 1.017 . 183 -.0083 - .029 1.712
PlG .842 . 156 -.009%4 - .,029 0.08s5 ~5.384
st . 785 L6840 -.0069 ~5.846
PSO T4 -.213 11.771
V3 2 1.067 .831
H
V3 25 1,025 . 1.270
]
V& 2 1,045 662
1
V7,00 | 1-022 .933
V7 25 1.025 1.037
3
Ky o .936 -.937
My 1o 3.265, -3,590
¥
H} 20 2.530 ~-4,169
¥
D50 1.014 276 -1.178




Table 7. -~ Efpetinental equations obtained by regressing streamflow characteristics against physiographic anc climatic basin paramefers
and four level I land-use categorles derived from climatologic data, USGS topographic maps, and high-altitude-photographs.
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___Exponent or coefficient of basin cnaracterisiic”
. N " Lavel I categorias
Flow Prainage Hain Hain Mean So1) Mean Precip. | Smowfalj Agricul- - T |ResTess-
charact- area charnel § channal | basin index annual | intansity Urban ture, Forest Hater ion
eristies slcpe iength lolevation precip. conszaaz
Y A s L E 8 P 1247) S, Lol Uy Ue k" a
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I
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1, 1.029 L086 | L0117 E -.918
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A -959 173 L0153 , -.752
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qg .958 . =297 -.0059 -1,019
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Table 7. -~ Experimental equations obtained by regressing streamlfow characteristics against physiogrsphaic and climatic basin parameters,
and four level I land-use categorfes derived from climatologic data, USGS topographic maps, and high-altitude photographs

—  Continued,
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Exponont or coefficiont pf basin cnaracteristic”
Level [ categories
Flow frainage Main Main Mzan Soil Hean July Snowfali Agriaul- - Reg:ess-
charact- area channel | chanrel | basin index annpal Bax L Urban Ture Forest Water ca;s:ant
eristics slope length elevacion presip. cezp. ' 2
A 5 L 2 5, P T, Sy Y Y Y Y
SDa 1.022 217 ~1.226
SDl 1.074 194 - .901
SD2 1.087 -.023 .200
SD3 1.037 ) .032 -.015 -1.278
SD4 1.044 018 .156 -1.004
SD5 1.015 - ,223
8D, 1.039 ) - 400
SD7 914 -.0051 -~ .020
SD8 1.080 - .083
SD9 .858 .092 ~8.054
§D;g | 1.047 ‘ ~.017 -.0035 - J052
SDll 1.031 - 313
SD12 1.087 = . ' - 3l6
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Table 7, -- Experimental equations obtained by regressing streamflow characteristics agaimst physiographic and elamatic basan parameters,
and four level I land use-categories derived from climatologic data, USGS topographic maps, and high-altitude photographs

~—Continuved. :
b b ba , AnrbsSat bePybyl+ bgSat by, t buTotbyll, b Unt byl thy U,)
- Model 1e Y=H SszJE 4/0 &t Oy (A -/by Z 3 ' iz Un 7 v

Exponent or coefficient of basin cnaracteristic”
' Leval I -catsdories
Flow Prainage Main Hain Mean Soil Moan Precip. | Snowfall Agricule . R‘f::“'
ch;ra:t- aros chaanel | channol baslni indox annu;l intensity Lrban ture Forest naier ConsTant
aristics $lopa longth alavation procip.
¥ A §° L B 8y ? 1z43)| s, by Uy Uy Y *
Pz 0.6%4 0.462 ] 0.0032 -.0062 1.053
PS 996 0.774 -.287 -,029 -.0060 ~-.380 2.635
210 962 .759 -.029 =-.0077 -.327 1,907
Py 838 | .63 ~.0056 1,711
1“50 LT -, 213 11.771
v3,2 1.086 0025 . 761
VS, 25 1052 . 0022 1.195
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H7 2 1.081 ‘ 1.152 . ~,018 4. 656
] )
7,10 3.625 : 3,590
H?.ZO 2.530 ) -4, 169
1)50 .989 284 0.0048 .285 |-1.428

*Although T, (January mean wminimum temperature) was used in the regression analysis it was not significant; accordingly it was not
listed in this table .



Table §.. -- Experimental equations obtained by regressing streamflow characteristics against physrographic and ¢lipatic parameters,

and six level IT land-use categories derived from climatologic data, USGS topographic meps, and high-altatude photographs
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Tzble 8, -~ Experazental equations cbtained b
and s1x level 11 iand-
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y regressing streamflow characteristies against physiographic and climatic parareters,
use categories derived from clamatologic data, USGS topograprac maps, ard higr-altit.de erotosraphs =» Continued

\ Exponent or coefficient of basin characteristic”
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SD1 1.07G .310 0024 =1.326
- 50, 1.100 ) - 623 ~.Gi2 ; .200
SD3 1037 .032 =-.015 i -1 278

i |
SD4 1018 74 -1 GJé
505 1.015 - 223
50, 1.03% | - 400
SD; 909 -.0645 - .028
598 1.080 - .093
SDg .858 092 -2 054
SDm 1.068 -.07 ~.0047 - 026 Q017
5054 1.031 : - .313
S0, 1.108 ;‘-.oz? - 02

|

|

t

i L
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Table 5 , ~- Experumental equations obtained by rcgressing streamflow characteristics agoanst physiogrsphic and cl.matic parasctess,

i

Model is )/_;—,4 01_5 é’Lés[-:'

and six level Il land-ute categories derived from climatologic data, JSGS topographic maps, sad hage-zltitaos photograpss -- Continued .

A,,/O (t.nggf_( 11,6:..2‘#57.?# éa[* by St bis A 15/17;7‘.‘51:5}3."“-6/5%-7‘5/4 Lhos bus Ui # L. M"&f' 5.7[/&! ).

Exponent or coefficient of bas:n characteristic™
- 3 Lerel II catifor.cs Qeg:esixon
Flow Main Main Moan ’Storage So1l Mean Prazerp | Snow- | Postuse | Resia- Indus= Forest | Faorest CLRETart
tharset- |Prainagqcharnel {channel basan index annual { intens fall & Crop- | entzal Trian REAYY : ligat
eristic area slope {length elev. precip. land . H
u U. L. | U, a
Y A 5 L E S S, P I{z42)  Sp Uy x I ih f1
o — C—ar— = — = —— L = - T —— T £l =

P, 0 699 453 0042 - 2663 i 1.007

Pe .999 694 -.026 -.008% | 1 731
1

Pio 867 703 -.026 ; -, 0058 i 1 594
st . .B35 631 P - ao5° .! 1.714
P5o 774 -.213 ! i 11.771
v}._Z 1.094 L0033 753
Y3
\3'25 1.060 .a028 I.186
A .

7,2 1.045 662
Y10 1.022 953
V7,25 1.025 1.037

|
My 2 1.076 1.216 . f -.0198 -4.660
M
Y710 3.265 p -3 580
M7,20 2.530 ‘ -4.169
DSD 990 . 259 09042 -1 280

*Although T; (January mean minimum temperature) WIS .03ed in the regression amalysis 1t was not signiricant, avcordingly, it was not listed

1wn thas table,
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Table 9. -~ Experimental equations cbtained by regressing streamflow characteristics against physfographic and climatic basin parameters,
and three Tevel I Tand-use categories derived from climatologic data, USGS topographic maps, and Lancdsat magery.

Podel is Y = AérséaLE’sEéd‘,U (?\f-b.f.f;e 4 be St by Pt byl +595, b0/, + b 7;;’- biz Zu# érs Zarbrs Z,C)

Exponent or coefficient of basmn characteristic®

tevel I Categories

Flow Drainage Main Man 5011 tiean Precip Snéwfall July
charact- area channel channel index annual intensity maximum Uroan Agrrcul~ Forest Regression
+ eristics slope_ Tength precip, témperature ture constant
¥ _A ] L S; P 1(z42)] s T, Z, z, Z; a
E!a 1 058 ,120 108 - 70
9 1 027 L1146 012 -1 228
.9 1.029 .09 017 - .918
g 1.04 ' ERES -.008 . ‘ E
4 1 005 N2 .161 -7
9 .559 . 173 013 - 732
A .986 - 115
d7 .882 027 - :584
) g 1.022 ! - .05
fg 887 o2 . 5
%0 .987 - 287
j a .99 ‘ - .08
f P I\.aaa 168 . - 619

*Although E (mean basin elevatioq), 1
were not significant and are not 1isfe

{storage}, and T, (January mean minfmum
d in this table,

@ teaperature) were used in the regression analysis, they



Table 9. -~ Experimental equations obtained by regressing streamflow characteristics against physiegraphic and climatic baswn parzreters,
and three jevel 1 tand-use categories derived from climatologic data, USGS topographic maps, and Landsat 1magery —- Courisued.

Kodel is Y:/qéf\s,ﬁz/_ 55554/0 (?L#bSS;b#béL#A?P*ng-f'é?Sn -r'-ﬁ:oT-/ 5u77— + bre Zuf 513 Lot b Z#-‘)

Exponent or coefficient of basin characteristic™
1 -
Flow Drainage Main Fain 5011 Hean Precip. | Snowfall July Level i Categories
charact- area channal chanpel index annual intensity maximumn Urban Agricul- Forest Regression
eristics siope length precip, temperature ture constant
¥ A S £ S, P 1(z4,2) 5, 7 z, zZ, I, 2

SDa 1.022 2V -1.226

SD] 1074 194 - 5801

sD, 1,087 - 023 .200
on

- b, 1.037 032 -0 -1 278

SDQ 1.018 021 -1.076

505 1.015 - 223

" s, 1.039 - .00

s, 922 - 0G50 - 040

SD8 1.080 - 063

% g i .858 .092 -B.05¢
]

o E SIJ]U 1.076 -, 281 -,029 994

§ Dy 1.037 . - 33

& Dy, | 1.087 - 316
2wy
S >
B
a =



Table 9. -~ Experimental equations obtained by regressing streamflow characteristics agawrst prysiographic and climatic basin parameters,
and three Yevel 1 land-use categories derived from climatologic data, USG5 topographic maps, and Lazndsat wmagery -— Gomtinued.

Hodel is Y.__Abl‘sbzt—b_sg-&f !O(Q'J'ASSX- f‘é&ss;_-f‘éypf' 58[?“&? Sn'fb/o 7f_+bﬂ‘ 77— *b/z 20*5/3 Z& ‘-’L-éﬁ-f Z,t‘)-

[At]

Exponent or coefficient of basin characteristicr
Flow Drainage Main Main Soi1 Hean Precip. | Snowfall July Level 1 Categories
charact~ area channe) channel yndex annual ntensity maxnum Yrcan Agricul- Forast Regrats-on
{ enstics slope_ length precip, temperature ture constant
¥ A s L 5, P 1242 | S S Z, zZ, z; a
PZ L9 746 -, 397 . 2.0z2
P 8 735 -.354 2 om
Pw .853 572 - 0036 1.803
P25 .793 693 -. 0043 1 892
Psp 74 -.213 1,77
Y3,2 ¥ 054 0021 609
"3.25 1.089 .0024 1.238
V7.2 138 . L0012 654
V7'w 1.022 .953
V7'25 1.020 .0mMs 1 014
.M7,2 845 070 - 015 -1.895
M 10 3.265 ~3.599
, Mo | 2639 -.019 -4.025
Dgq .998 .324 0038 -1.506




To illustrate the use of the regression equations, assume that the
2-year peak flow (P2) is required for Shellpot Creek at Wilmington
(fig. 2, index No. 4778) using (1) map and climate data (table 6}, {2)
added Level II Tand use based on high-altitude photography (table 8),
or (3) added Level I land use from satellite imagery (tabie 9). The
equations for (1) are:

from table 6:

p2 - A1.067 S0.770 10 (1.312 - 0.0089F - 0.0235n)

from table Al:

b, = 7.45 067 6710770 1 [1.312 - 0.0089(19) - 0.023 (20)]
P, = 8.535 (25.50) 10V-683

P, = 1050 ft3/

2 " s>

(2)
from table 8:

p2 " A0'699 E0.453 10 (1.067 + 0.0042‘Ur - 0.0065 Ufh)

from table Al:

b, - 5 620-699 ,710.453 1 [1.067 + 0.0042 (69.8) - 0.0065 (10.1)]
P, = 4.143 (12.65) 10!-294
P, = 1030 ft3/s,

and (3)

from tabie 9:
b, = p0-991 0745 | (2.022 - 0.397 I, ,)
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from table Al:

b, = 7.460%9" 67 10786 1o [2.022 - 0.397 (3.3)]
P, = 7.326 (23.05) 100:712

_ 3
P, = 870 ft>/s

Each of these 2-year peak flow estimates at Shellpot Creek, based
on regression analyses, s below the 1,200 ft3/s computed from actual
station records (table Al, col. 24). Part of the variation between
predicted and recorded discharge is due to chance. However, Shellpot
Creek drains a highly urban -area and is subject to flash flooding owing
to the impervious nature of its basin. Because the regression analysis
is based on rural as well as urban streams, fairly sizeable discrepan-
cjes in the 2-year recurrence flood between actual and estimated vaiues

were anticipated at the station.
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ACCURACY COMPARISONS

Tables 10-12 identify the significant independent variables in both
the control and experimental equation arrays as well as the standard error
of each equation in logarithmic units and approximate equivalent percentage.
The percentages represent arithmetic averages of the'p1us and minus percent
of the mean, calculated using the standard error in log units. Thus, an
average standard error of 18.5 perceni, corresponding to 0.08 log units,
represents a range of 20.2 percent on the plus (high) side and 16.8 on the
minus (Tow) side of the streamflow characteristic mean (Hardison, 1969). The
last two columns show the percent change in the standard error resulting from
inclusion of land-use information in the analysis. Changes of 10 or more
percent in the standard error of estimate are considered to be significant.
Plus percent changes are indicative of improved accuracy whereas minus changes
represent a 1oss of accuracy. Percent change values are given for all stream-
flow characteristics except the three 7-day low-flow categories. Less than
50 percent of the variance in each of these categories was explained by any
of the 7-day low-flow regression equations. This strondly sudgests that other
unidentified independent variables should have been included in the regression
analyses. Accordingly, conclusions regarding relative accuracy improvements were

not made for any of the low-flow categories.

Experiment 1

In the first experimental array of regression equations, four of six
possible Level I land-use classifications derived from high-altitude photo-
graphs were tested; namely, FORESTLAND (Uf), AGRICULTURAL (Ua), URBAN AND BUILTUP

(Uu)’ and WATER (Uw). As previously noted, the remaining two Level I categories,
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Table 10. -~ Comparison of standard error of estimate changes resulting from inclusion in the regresslion analysis of
four level I land-use categories derived from high-altitude photography.

95

Flow ,Significant predictive varilables Standard error of estimate Parcent
charact- change
eristics . 1 in log units in percent

¥ Control equations Experimental equations Control | Exper. Control Exper.,. Plus Winus
Q Ay S35 Ipy,p - A} 8435 Ipy, 3 Ug 0.062 0.C58 14.4 13.4 6.5

q TR Ay 843 P ; 061 061 14,1 141 0 0
a, A; 84; P A; 843 P .067 067 15.% 15.5 G ¢
a3 A; S4; P A; 833 U .073 .073 16.9 16.5° "o G
ay A; 835 Ton,o R 845 Toy 05 Uy .072 .066 16.7 15.3 B.4

Qs A3 Snj Ioy 2 Ay 83 121“2 .095 <095 22.0 22.0 0 0
qg A A; 124’2; Up +133 L11k 31.1 26.6 14,5

a7 A3 Sy A; S1; Ia4,23 Up .182 .146 43,1 34,2 20.6

qag A ' A .120 .120 28.0 28.0 0 ¢
ag. a; s, A Ipy 3 Ug 143 227 33.5 29.7 11.3

%10 A A 139 +139 32.6 32.6 b 0
ay | A hs 833 Iau,2i Up 117 .097 27.3 | 22.5 17.6

a2 A; By A; 8y .081 .081 18.7 18.7 9 2
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Table 30, —- Comparison of standard error of estimate charges resulting from inclusion in the regression analysis of
four level I land-use categories derived Irom high-altitude panotography -=Continued.

Flow Significant predictive variables Stazndard error of estimate Pavasnt
charact-~ . change
eristics . . in log units . in percent

Y Control equations Experimental equations Control | Exper. Control Exper. Plus Mi-ac
3D, A, 8y A, 8 0.083 0.085 15.7 19.7 0 G
SD3 A, 51 A, 5y 094 .094 21.8 21.8 0 0
SDa A, 5, A, Sp £107 .107 2b.9 24,8 g 3
SD3 A, 8,5, P A, 8, F .095 .005 22.0 22.0 G z
3D, &, P A, P, U, .080 LOTh 16.5 17.1 7.6

spg | A " A .115 116 27.0 27,8 0 o
Spg A A .1hg 149 35.0 35.0 b $
sDr A, F A, Up .195 197 46,4 45,3 kit

T 8Dy A A 153 153 35.9 35.9 0 <

5Dg A, Ty A, Ty .155 155 36.4 36.4 0 ¢
S0 Ay T, P, 8y Ay Sps Uy .152 155 35.7 36.4 22
5Dyq A A .154> L1650 35.2 36.2 ¢ £
SDy1z | A A 137 J37 32.1 32,2 6 €
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Table 10, --Comparison of standard error of estimate changes resulting from 4nelusion in the regression analysis of
four level I land-use categories derived from high-altitude photography —- Continued.

Flow Significant predictive variables Standard error of estimate Percant
shavact- hingo
aristlcs in log units ! “Ain percert

Y Control eguations Experimental eguations Controi EXper. Control Exover. Fius Hirus
P2 A, F3 83 8, A, B Ugi Uy 0.158 0.177 37.1 41.8 2.7
P5 A; F3 B, Sn A S5, Sn, 121"2; Uf, 1.1‘,r 150 L145 35.2 34,0 3.4 ‘
Fio A; F3 B, 8., Ty Ay B3 8, Vs Uy L147 .159 34.5 374 ) 8.4
Pag As; F;3 5 A, 83 U, .158 .186 37.8 LD RELT
Pgp A; P Ay P 259 +259 63.2 63.2 G c
V3,2 A Ay Uy 126 107 29.4 24,9 15.3
V3,od A Ay Uy 146 .135 1 s8.2 31.6 7.£

V2| A A .089 .089 20.7 20.7 0 o
Vo,aq A A .103 .103 23.9 23.9 o 0
Vi, 29 A A .102 .102 23.7 23.7 0 o
Hy,2 A . A; 543 Up .791 .690 No meaninzful equations derived '

|

Myag T L 1.394 1.394 Mo meaningful equations derived !
My, 25 ' A ) 1.509 1.509 No meaningful equations derived
bgg Ay 5y Ay Ian,z3 Ust Uy .143 106 33.5 2k.6 | 26.6
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Pable 11. -—- Comparison of standard error estimate changes resulting from incluslon in the regression analysis of
51x level II land-use categories derived from high-altitude photography.

Flow Significant predictive wvariables Standard error of estlmate Parce-s
charact- charge
eristics in log units in vercent

T Control equations Experimer’;_tal equations Control | Exper, Control Exper. Plus Hinus
%a Ay 845 Toy,2 A, S43 Ian,ps Ugy 0.062 0.057 P 13.2 8.3

a1 A; 545 7 A; 51, P, .061 061 14,1 14,1, o

ay A; Sg3 P A; S43 P L067 .067 15.5 35.5 [ o
93 A; 51, F A, 543 Um .073 072 16.9 16.7 1.2

ay A3 S13 Ty 5 Ch3 S55 Ty p .072 072 16.7 16,7 1 @ o
c_.é A3 853 12,,’2 k3 Sn; Izu’z . 095 L095 22.0 22.0 ¢ ]
S A A; Ej 815 oy, 23 Uy ,133 .100 31.1 23.2 25,4

a7 A3 Sp Ay S13 Tay,23 U .182 2143 43.1 33.5 - 22.2

ag A A . .120 .120 28,0 28.0 0 o
9g- Ay S, Ay 845 Ipy,os Uy 143 121 33.5 28.2 15.8

910 A A +139 -139 32.6 32.6 0 §
ap | 4 . A q177 |y 27.3 | 271.3 0 0
2 Ay Sy Ay Sy ‘ 081 .081 18.7 18.7 ] 0
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Table 11. -- Comparison of &tandard error estimate changes resulting from inclusion in the regression analysis of
8ix level II land-use categories derlved from high-altitude photography -- Continued.

Flow Significant predictive -variables 'S'.:andard error of estimaie Percent
enaract- cnange
apisties , in log units in percent

b4 Control equations Experimental equations Control | Exper. Control E<ver. PIUS linus

sp, A, 8 A, Sy, Upp 0.085 0.081 19.7 18.7 5.1

8Dy A, Sy A, 51, Up <094 .089 21.8 20.7 5.5

D, A, 5, . A, 8p, By 107 .102 2i.9 23.7 4.8

spq A, Sp, P A, Sp, P .095 .095 22.9 22.9 ) 3

3Dy A, P A, P .080 .080 18.5 18,5 G o

sDs | A "oa .116 \116 27.0 27.0 o o

Sbg A A 149 159 35.¢ 35.¢C o 0

Sby A, F A, Usp .195 .199 4.4 b7.4 2.2
« 8bhg A A ) -153 -153 35.9 35.9 ¢ 2

g | A, 1 Ay g .155 .155 36.4 36.4 c o

SPyg A, St, F, 84 A, Spa U, Upyg .152 L1548 35.7 3L, 7 2.8

8013 { A . A 54 .15k 36.2 .| 36.2 0 0

SDiz t A A, Upy 137 .131 32.1 30.6 8.7
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Table il, —— Comparlson of standard error estimate changes resulting from inclusion in the regression analysis of
six level I1 land-use categories derived from high~altitude photography -— Continued.

Flow Signhificant predictive variables Standard error of estimate Peprcent
charact- . srange
eristice ’ in log units ! in percent

T Control equations Experimental equations Control ! Exper. Cortrol Ei0er, Plusg viiruz
P2 A; F; S; B by B, Vs U 0.158 0.176 37.1 11,6 12.1,
Pg Ay P35 83 5§ A3 By 85 Uy, T 150 165 35.2 38 8 10.2
Pyg Ay Ty 8355 T, A, 8; 5., Uy LT 178 34.5 k1.1 1.1
Pag A; F3 5 A, 83 Uy .158 .187 37.8 L. 5 2145
Psp n, P AP ' .259 .259 63.2 £3.2 ¢ o
V3,2 A A3 U, .126 J106 26.4 24.6 16.3
V3 25| A “ay v, L1486 .135 3u.e 31.6 7.6

Vg2 ] A A .089 .89 20.7 0.7 0 0
V7,200 & - A 103 .103 23.9 22.9 0 9
v7,25{ A A - .102 .102 23.7 23.7 0 G
Hy 2 A . Ay 843 Ugy .T91 685 No meaningful equation derlved
My 10] L . L 1.394 3.304 No neaningfal equation derived
w7, 251 A A 1.509 1,509 No meaningful equabilcw derived
Dsg As Sy As Tpy 3 Ug ) a3 .az0 . | 33.5 28.0 ; 16.4




Taple 12. -- Comfarison of staniard error of estimate changes resulting from inciusior is the regressicn analysis of three .evel I land-dse
categeries deraved Zrom landsat imegery.

29

Signiflcant predictive variables Standard error of estimate Perzent
ehom oo
in log units in peracent &
Control equations Experimental equations Control | Eaper. Control oxser. Pilus fir o
- . !‘

A, Sl, Izh,e A, Si, 121"2 0.062 0.062 14, 1k L o} [
A, Si, P Ay Si‘ P L0681 061 14 i k.2 0 0
Ay S, P A5y, P 067 667 15.5 15.5 ¢ o
A,8 T A, 8., 8 .073 o7h 16.9 17 2 .3
Ay 8, Iah,z A, 5, Iah,a 072 072 16,7 18 7 0 v

H . . z b
A, Sn. "'255,2 As Sn, 12,“2 . D98 .095 22.0 g2 0 0
A A 133 133 3L.1 31,k o} 5
A; 8, A, s, ,182 182 L3 1 43,2 0 [
A A . .120 120 28.¢ 28.¢ 4] Q
A S A, 5 A3 .43 33.5 335 0 o
A A .139 139 32.6 32.6 [«] Q
A A 137 117 27 3 27 3 0 o
A, 8 A, 5y 081 .081 ) 8.7 18.7 0 [




Table 12.-- Comparison of standard error of estimate changes resulting from inclusion in the regression analysis of tlnee level I lard-use

categories derived from Landsat imegery. -- Continued.

Floa Significant predictive variables Standard error of estimate FTersent
charact~ CnEbER
eristics . in log units ! in percent

Y Control equations Experimental equations Control Exper. Control Exner, Tlus M-

8§D, A, 5y A S 0.0085 0.085 19.7 18 7 4] G

D, A, 8y A, 8 .09k 094 21,8 21.8 0 o]

sD, A3 8 hy 8 107 107 2k, 9 zh 9 o ¢

504 R, S 3 P A, 8., P 095 095 22,0 220 0 v}

8; 5D, A, P AP .080 .080 18.5 18.5 o - [}

sns A A 116 116 27.0 27 0 0 0

SBg A A b9 149 35.0 35.0 0 0

SDT A, F A, I, 195 150 UT N 45 1 2.8

8Dy A A 153 w153 35.9 , 359 0 0

8Dy a; TT . A, TT .155 155 36.4 36.4 0 0

o) . .
% B, 8D, A1 S, F. 8, A, 8y, 8, .152 157 35.7 3% 9 3k
vg & €0, A .15 .15L 36.2 36.2 6 0
A A 337 137 32.1 321 G ¢}
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Table 12, - Comparison of standard error of estimate changes resulting from inclusion in tha ragression analysis of tnree level I lana-use
categories derived from Landsat magery -- Continued

. Flow Significant predictive variables Standard_error of estimate Parcent
;??Z%gg; . in log units ‘ in percent change
Y Centrol equations Experimental equations Control Exper, Concrol Laver. ?lus e,
Pa A, F, B, Sn Ay 5, Ial;,a 0.158 0.188 37.1 LL,6 20.2
Py Ay F, 8, 5 A3 By Ty o o .150 4190 35 2 15,1 g 1
Pio Ay F, 8, S, T, ' Ay 8, B, o1h7 +198 3h.5 k7.1 35 5
Pog A, F, S Ay S, B, .158 .191 318 15 Y ) 20 2
L A, P " AP .259 .259 63 2 63.2 o o
V32 A Ay o L. .126 109 29.4 25,4 13.8
V3,25 A Az L6 .128 34.2 22 9 12 5
.‘"7’2 « A . 'A, Z"1 b 089 .08Y 20.7 19.5 5.8 )
Vo 10 A 1203 103 23 9 "z 0 0
VT;25 A A, Zu . 302 087 23.7 202 1k.8
MT.B A ' A, Sn, Zu 7oL L651 Yo meawisgful equation aerived
MT.lU "y L 1,394 1.394 No meaningful equation derived
s A Az, ' 1,509 1.435 No meaningful etsatlon derivea
Dyo TN b Ty e B, \243 9 33.5 ' 27 8 i7.0




BARREN LAND and WETLAND, were identif.ed in only five of the 39 basins
used in the correlation network, and were not included in the regression
analysis. Throughout the analyses, Ue was substituted for the USGS topo-
graphic map (scale 1:24,000) derived forest (F) category which was used
in the control equations, and Uw was used in place of the USGS map derived
storage (St) category also used in the control equations. No substitutions
were required for Ua or Uu because neitper category was available for use
in the original (control) equations.

Resuits of the experiment are listed in tab]e 10, which shows that
11 equations were improved {six significantly) and five equations sus-
tained & loss of accuracy (two significantly). By far the most often used
independent variable in the regression analysis was FORESTLAND (Uf) as

indicated below:

Streamflow Number Number of times that indicated
Characteristic of_ variable occurred
Type . equations Ua Uf Uu Uw
High 10 0 4 3 2
Average 14 1 6 0 2
Low 3 0 1 0 0
Variability 13 1 1 0 1
A1l characteristics 40 2 12 3 5

Five of the six streamflow characteristic equations significantly
improved by inclusion of Level I land-use information involved mean flow
characteristics (qs’ q7= qg’ 941 and DSO) whereas one flood volume charac-
teristic (V3 2) equation was similarly improved. A significant accuracy
Toss was detected in two flood peak characteristics (P2 P25). Examin-

ation of the four significant variables affecting the P2 relationships
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(table 10) in both the control and experimental equation arrays indicates
the presence of three dissimilar variables. By way of contrast, the three
sighificant variables governing the P25 flood characteristic were identi-
fied in both tests; however, F was used in the control set whereas Uf was
used in the experimental set. Owing to the loss of accuracy due to the
inclusion of Uf in the analysis, F (map derived) is the preferred inde-
pendent variable for estimating 25-year flood peaks rather than Uf which

was obtained from high-altitude aircraft photography.

Experiment 2

In this experiment éix Level II categories were included in the
regression analysis to evaluate the possibie impact of more detailed
Tand~use information on streamfliow estimates. As in Experimeﬁt 1, Level II
data were derived from high-aititude photographs of the CARETS region.

Two forest categories were included to depict heavy crown cover (Ufh) and
1ight crown cover CUF]). Categories denoting residential (Ur)’ industrial
(UI) and, open and other (Uo) urban development were also incorporated in
the analyses. The urban open and other (U) category consists of golf
courses, some parks, cemeteries, and undeveloped land within an urban
s;tting (Anderson and others, 1972). The Tast Level II classification
used in the analysis was a combined cropland and pasture category (Ua)
which essentially corresponded to the Level I agriculture category used
in Experiment 1. Level II Uw was not substituted for St (map derived
storage) in Experiment 2 because it appears that the St category, baéed
on 1:24,000 scale maps, portrays surface-water area with an equivalent

accuracy to that derived from high-altitude photographs.
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Thirteen equations were improved (five significantly) and five were
reduced in accuracy (four significantly)} by the inclusioh of Level II
land-use data derived from high-altitude photography {tabie 11). The
independent variable most often appearing in the test equations was Ufh
whereas UI never proved to be significant in any of the 40 equations as

shown below:

Streamflow Numbaer Number of times that indicated

Characteristic of variable occurred

typ% equations Ua Ufh Uﬂ Ur U0 Uy
High 10 0 4 0 3 o 0
Average 14 1 5 0 0 o0 o
Low ' 3 o 1 0o 0 o 0
Variability 13 1 1 3 1 1 0
A1l characteristics 40 2 1 3 4 1 0

Not surprisingly, the results of thié test closely parallel those
i; Experiment 1 in that the streamflow charaéteristic equations signifi-
cantly improved in Experiment 2 were identical to five of the six
characteristics similarly improved in Experiment 1. Significant accuracy
losses were sustained in four of the five flood peak characteristic
equations as evidenced by large minus percent changes (10 to 19 peﬁcent)
in the standard errors for these experimental equations. As in Experiment
1. more accurate flood estimates were generated in the control egquations
where F (map derived forest cover) appears as a stronger independent
variable than either Ug or U, (aircraft derived forest categories). The

use of Level II aircraft derived Tand use generated a slight overall Toss

in accuracy in the equations when compared with the Level I categories
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used in Experiment 1. Thus, the use of more detailed land-use discrim-
ination provided by Level II was unwarranted in this particular stream-
gaging network.

The Toss of accuracy in estimating flood peak discharges at ail
frequency intervals except the 50-year return period, where forest cover
is reiatively unimportant, is probably a function of how well the iand-
use information represents the selected streamflow study period. For
example, flood flow records used in this analysis included all avaiiable
gaging-station records through September 30, 1967. The maps available
for determining forest cover (F) in the control eguations were prepared
predominantly during the late 1950's which approximates the median period
of actual data collection at the gaging stations (table 2). .Land-use maps
which were derived from high-altitude photographs obtained in 1970 and
1972 reflect conditions beyond the streamflow analysis cutoff date.
Because flood flows are highly dependent on forest cover, the values for
this factor (F) used in the control equations were better suited as flood
flow predictors than either the Level I (Uf) or Level II (Ufh and Uf1) airer
aircraft derived forest cover estimates obtained three to five years

beyond the flood analysis cutoff date.

Experiment 3

Owing to a significant loss of land-use detail in Landsat imagery,
only three of six possible Level I categories were tested in Experiment 3.
These include agriculture (Za), forestland (Zf), and urban and built-up
(Zu). As in Experiment 2, St {map derived storage) was retained to reflect
the percentage of each basin covered by lakes, ponds, and swamps. Level I

forestland (Zf) was substituted for map derived forest (F). Z, and Zu
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represent land-use characteristics which were not considered in the control
equations. Aside from the substitution of 2f and the addition of Za and
Zu to the analysis, all other basin characteristics tested in E¥periment 3
were identical with those used in the controi equations.

Only six equations were improved (four significantly) and an identical
number were reduced in accuracy (table 12). The independent variable
appearing most often in the analyses was Zu which was significant in a

total of six Tow- and high-water equations as indicated below:

Streamflow Number Number ‘of times that indicated
Characteristic of variable occurred

type equations Za - Z_F Zu
High 10 0 2 4
Average 14 1 0 0
Low 3 0 o 2
Variability 13 0 1 0
A1l characteristics 40 1 3 )

As in the high-altitude photography experiments, flood peak egquations
were adversely affected by inclusion of remotely sensed Tend-use infor-
mation. Four of the five flood peak equations showed significant accuracy
losses. Satellite forest coven (Zf) obtained principally in late 1972,
was not as effective as map derived values (F) in portraying conditions
representative of the flood filow data analyzed in this report. Moreover,
additional difficulties in land-use discrimination in satellite imagery
that were not encountered in high-altitude photography introduced further
errors in evaluating Zf. The combination of these and other error factors
interacted to amplify flood-flow accuracy losses to a range of 20 to 36.5

percent (table 12).
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Using a network of gaged basins in the Delmarva Peninsula, Hollyday
(1976) found that 12 streamflow characteristics were significantly
improved with the inclusion of Landsat derived land-use information.
Hollyday extracted the following categories from satellite imagery for
use in a multipie regression analysis (1) forest, (2) riparian (streambank)
vegetation, (3) water, and (4) combined agricultural and urban land use.
Only one accuracy loss (December mean discharge) was detected in his
regression analysis of 20 gaging stations, all of which were included in

this study.

SUMMARY AND CONCLUSIONS

Maps incorporating the CARETS Tand-use classification system were
utilized to determine land cover in selected basins of de1aware, eastern
Maryland and Virginia. Land-use maps based on high~altitude photographs
were used to prepare Level I (generalized) and Level II (more detailed)
classifications for 49 basins. Only'Level I classifications could be
defined on the 1:250,000 scale maps derived from Landsaz-1 images. Land
use varied from highly urbanized in many basins in the Washington-Baltimore-
Wilmington corridor to heavily agricultural in the Delmarva Peninsula.

Using a network of gaging stations consisting of 39 of the 49 basins
for which land cover was defined, it was demonstrated that Jand-use data
derived from high-altitude aircraft photographs are effective in signifi-
cantly improving streamfiow estimates. Significant improvement in
accuracy, defined as a 10 or greater percentage reduction in the
standard error of estimate, was detected by comparing streamflow
characteristic "contrgl“ equations with three experimental equation sets.

The control equation set consisted of basin characteristics used in a
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review of the streamflow program of t.e Maryland district of the

U.S. Geological Survey. Land-use data based on high-altitude photographs
and satellite imagery were used in the experimental egquation sets.
Comparisons of the experimenta1.and control equations utilizing land-use
information derived from high-altitude photographs showed significant
improvement in six equations incorporating Level I data and in five
equations where Level Il categories were used. Only four equations
showed significant imprcvement using land-use information derived from
Landsat-1 imagery. The iower resolution of imagery relative to high-
altitude photographs and difficulties in classifying certain spectral
signatures tend to Tower the effectiveness of satellite sensors as a
means of providing detailed land-use information.

Of the wide range of streamflow characteristics tested, remotely
sensed land-use data yielded losses in accuracy only in estimates of
flood peaks. These losses in accuracy were probably due to land cover
changes stemming from temporal differences among the three primary land-
use data sources. For example, high-altitude photographs and satellite
imagery were obtained primarily in 1970 and 1972, respectively, and
streamflow records analyzed in this study terminated on September 30,
1967. Thus, remotely-sensed land-~use data were not synchronous with
the period of flood-fliow analysis. By way of contrast, map derived
tand-use data incorporated in the control equations were obtained primarily
in the late 1950's, which closely represent the median date associated

with the streamflow vecords in this study.
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Because the ability to accurately transfer streamflow data from
gaged to ungaged sites is increased by raising network efficiencies,
the application of remotely sensed land-use information to improve
streamflow network models is a potentially valuable analytical tool.
However, the generally favorable improvement in the network model of
the Maryland district of the U.S. Geological Survey following inciusion
of land-use data based on high-altitude photographs and satelliite
imagery may or may not be exceeded in other parts of the Nation.
Accordingly, it is recommended that experiments, similar to those used
in this report be conducted wherever remotely sensed land-use data are
currently available. This would permi@ the making of accurate assess-
ments of the use of remotely sensed land-use information to improve
streamflow network models under a wide range of physiographic,

climatic, and geologic settings.
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Table Al, . == Streamflow and basin characteristics.of statlomns used in multiple regression analysis
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Table AL. ~- Streanflow and basin characteristics of stations used in multiple regression analysis
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1586304 3.6000 7R850 25,3000 BT 2.3000 le2000 0.14400 16000 23,7083 3,50660
1589340 ab.4009 23.70a0 f0ep0UD e 2743000 Ga it 2evu0n 6aT0GY 33.2584 33,0300
1595000 0.0 33,0000 aT.0000 a0 0.0 0.0 0.0 0al oT7.0963 9.0
1591000 1.5000 rhe3D00 2. 000 .0 . 1.4000 t.lyno Dutl Cak000 31,2008 1.5000
159454D 18,5600 38,6000 4“0 .0 12.6000 34000 2.1000 1.506¢ 43,4000 16,4000
1584600 1+6000 ST. 7000 40,7000 0.t Jenpln .0 L] 0,0 22,7304 L.6200
1656500 1.5000 ©3.1060 46000 [N TH] 16000 43000 Gan 1+6060 33,4508 1.9620
1645200 42,5000 4049000 16.6000 0.0 . PE.PUND 1440000 2»3000 4e300G0 1148363 40,2000
1658000 T 2000 2447000 AB.DOLD 0.1000 A,5000 2.H060 0.9000 1.00¢0 &T.Go0c 4.3000
1653500 632000 4. 8000 d. 0080 [N 9. 7DD 12:2000 10.3000 346006 28,5050 51,4000
1666550 93.5000 0.0 &.1000 0.0 73,0006 125000 9.0000 3, 7060 244580 . 85,6000
L648000 53,300y 257000 20a 300D D, 3000 39000 1060000 S+B000 2.6080 18410C3 #7,5000
1649500 45,1000 1S.H000 38,9000 e 2000 P4.9000 117000 d.5000 2.6004 36,6083 Ja,.6002

1650500 20000 42,4000 31,6000 0.0 15,3000 15000 9.2000 6,0000 25,6033 12,8000
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Table Al, - Streamflow and basin characteristics of stations used in multiple regression anzlysis
-~ Continuad.

STRTION @
EEE:EF ERTSUnFA ERTSHGRKT ERTSFKST ERT&WATR

JO147780% 86,4580 8,0 14.00C5 Gad
1478800 1240307 6,006 ° 3G.0000 2.0003
147PE29 1.0 8L.0000 20,0000 0.0
14522588 5.0 bi,upo0 «9,8068 Ga8
14d:—Enf}‘ [ Sl.pueb G.0000 Jael
14443583 G 82,0000 480033 t.0
14ZL500 R &3, uwdd 380063 Ja8
14256040 0,6 +3,0000 56,0000 1.0600
1485800 g 0400 F0.0000 72,0000 2.0
1485000 2,0 30,0000 76,0300 G.0
1886850 4.8608 51.00G6 L5,0650 Gadr
1407000 0.0 B.,D000 &8.0060 1.6000
14875489 0.9 28.0000 TZL0000 0s9
L48EE0G w GBS0 £6,0030 40,6032 Dol
1a%Co0 Vet 71.0000 29,0000 [
14500060 6.0 47,0600 53.0000 0.0
1431000 1,000 55,0000 44,6800 0.0
1462000 049 $3.0000 7.0000 )
1457500 [ £Y9,0000 31.0000 0.0
1453000 0.8 T4.00060 26.0000 0+8
1453500 0.8 $7.6000 3,0000 0.0
lagsang 0.0 71.0800 29.0000 Q.0
1665600 Gl ET.3000 20.0000 00 o) Q
1&56509 0.0 £2,0000 38,0600 D40 rry ?ﬁ'
1575000 2.0 95,5000 6.1000 040 o &
1584600 2.6G000 31.0000 17.0009 De0 & E2
158500 45,0006 25.0000 30.0000 G0 e
1540600 55,0035 13,5300 62,5000 (] e, %:
15510900 G.0 £5,0000 35,0080 0,0
1594500 19,0000 35,0600 4640000 0.0 2 ro
155400 Bau 58,3000 42,00480 Dol s 5
1655508 0.0 81,b000 19,0000 G0 o
1645200 61.C000 24,0060 15,0000 00 w
16“6550 Q‘QOBOD 0'0 6.0000 010
1648030 49,5600 34,0000 16,0030 140060 !ii
1645500 55,0000 13,0000 32,0030 0.0
1650500 640006 71,0000 23,0000 Cat

Y1653500 85,6000 040 1546000 040

. 418658006 1.0000 29.000C T0.0000 0.0



B.

Station No.

Col.

Col.

Col.

Col.

Col.

Col.

Col.

Cols.

Col.

Col.

Col.

Col.

Col.

8-18

19

20

22

23

EXPLANATION

Missing data.

These eight digit numbers are permanent nationwide
numbers assigned by the U.S. Geological Survey bo
stations at which streamflow data are collected on 4
recurrent basis.

Drainage area, Iin square miles.

Main-channel slope, in feet per mile, dete ‘mined from
elevations at points 10 percent and 85 per ent of the
distance along the channel from the gaging station to
the drainage divide.

Main-channel length, in miles, from the gaging station
to the basin divide.

Mean-basin elevation, in feet above mean sea level.

Storage, in percent, of the drainage area covered by
lakes, ponds, and swamps.

Forest cover, in percent, of the drainage area covered
by forests as shown on USGS 1:24,000 scale topographic
maps.

Soil index, a measure of potential maximum infiltration
capacity, in inches, estimated from a map or £rom other
data provided by the U.S. Soil Conservation Service.

Not used in the analysis.

Mean annual precipitation, in inches, determined from

an isohyetal map prepared from Naticonal Weather Service
records.

Precipitation intensity, which is the maximum 24-hour
rainfall, in inches, having a recurrence interval of
2 years (24-hour 2-year rainfall).

. o
Average annual snowfall, in inches, estimated from maps
of average snowlall prepared from National Weather
Service records. '

PR

Average minimum January temperature, in degrees Fahrenheit.

Average maximum July temperature, in degrees Fahtenheit.

*
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Col. 24-28 Flood-peak characieristics are represented by discharge
from the annual f-ood-frequency curve at recurrence
intervals of 2, 5, 10, 25, and 50 years.

Col. 29 Mean annual discharge, in ft3/s.

Col. 30 Standard deviation of mean annual flows, in ft3/s.

Col. 31-42 Mean monthly discharge, in ft3/s beginning with Q10
N (October).

Col. 43-54 Standard deviation on monthly flows, in ft3/s.

Col. 55-58 Low~flow characteristics are the amual winimum 7-day

mean flows, in ft3/s at 2-year, 10-year, and 20-year

recurrence intervals ( M7,2, M7’10, and MT,ZO); Col. 56
not used.
Col. 59-65 Flood-volume characteristics represent the annual

highest average flow, in ft3/s for 3-day periods at
recurrence intervals of 2, 25, and 50 years and for
7-day periods at recurrence intervals of 2, 10, 25,
and 50 years. ;

Col. 66 Fifty percentile discharge on the flow duration curve,
in ft3/s.

Col. &7 Not used in the analysis.

Col. 68-71 Level 1 land use categories, in percent, determined

from high altitude areal photographs, — —

Col. 72-77 Level II land use categories, in percent, determined
from high altitude areal photographs.

Col. 78-81 Level I land use categories, in percent, determined
from Landsat (ERTS) imagery.
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