

































































Figure 5. When a basin was wider than it was long, a 30 degree cone
was drawn (dashea 1ine) and within it a line was drawn from
the outlet to the most distant point within that cone. The
measurement was then taken along that line.

Fiqure 6. Diagrams A,B,C, & D show the steps taken to get the elevation
readings per basin needed in the relief ratio computations.
Diagram A shows how the most distant point elevation was de-
signated. In diagram B, the widest part of the basin was
located and a perpendicular line was drawn till it crossed
the basin divide in both directions. Next, points halfway
between the outlet and perpendicular point, and perpendicular
point and most distant point in the basin were determined
(Diagram C). Perpendicular lines were again drawn till they
crossed the basin divide in both directions. Diagram D illus-
trates where the elevations were taken from (circled areas).
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Determination of Precipitation:

Precipitation data for the Horse Creek drainage came from two pre-
cipitation stations located at 5600 and 4100 feet. For basins that were
at elevations different from the above, a precipitation multiplier for per

foot change in elevation was established and applied accordingly.

Determination of Square Miles:

Square miles per basin was digitized from 1:24000 U.S.G.S. maps.

STATISTICAL PROCEDURE AND FINDINGS

First, relationships among geomorphic factors and climate (indexed
by precipitation data) were analyzed by computation of correlation coeffi-
cients with data for 129 basins. These results were then compared with
findings in the literature concerning appropriate descriptions of water-
shed or basin characteristics as they might appear in a model explaining
flow or water yields.

The second part of the the procedure was to empirically estimate
with multiple regression techniques the relationship identified above
using data from the 12 Horse Creek basins. The results were then analyzed,
and inferences made along with some speculation as to the importance and
usefulness of the estimation results.

The final step of the procedure was to statistically examine the con-
troversial and important issue of whether a model developed to forecast
run-off in small watersheds can be directly applied to forecast run-off
for what is the aggregation of small watersheds--a large watershed.
Clearly, one approach to. forecasting water flow per acre of basin area

for a large watershed would be to apply the model individually to all of
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the small watersheds constituting the large watershed, and then appro-
priately incorporate the individual results into one forecast.

The alternatives examined here are to forecast directly the flow per
acre of basin area for the large watershed using the small basin model
with the independent variables measured by using: 1) the actual values
for the large basin, 2) the mean values for the 129 small basins that
comprise the large watershed.

The forecasts were then compared to the metered runoff of the large

watershed which provided the basis to determine the accuracy of the model.

RESULTS: RELATIONSHIPS AMONG GEOMORPHIC FACTORS AND CLIMATE

Correlation data for the one hundred twenty nine basins within the
Meadow Creek watershed indicate strong relationships between square miles,
stream length, and basin length which is consistent with Anderson (1957)
where he stated that almost every watershed characteristic is correlated
with area (Table 1).

Drainage density and relief ratio is inversely correlated with basin
area which is consistent with what Gregory and Walling (1973) found in
seventy six small drainage basins in south-east Devon. Drainage density
"ideally" tells one much about a basin because it can reflect the response
to input (precipitation) and output (streamflow). However, due to possible
local variation by other basin characteristics such as rock type, vegetation,
soils, and aspect, drainage densities often times have a wide range of values
which can reduce their usefulness about characterizing a basin. For the
Meadow Creek area the drainage density correlations imply the basin is not

homogeneous in the strict sense of the word.
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VARIABLE

SHAPFACT
DENSITY
RELRAT
SQM

STRL
BASINLT
BIFRRI
BIFRR2
BIFRR3
BIFRR4

SHAPFACT

DENSITY

RELRAT

SQM

STRL

BASINLT

BIFRR1

BIFRR2

BIFRR3

BIFRR4

N

129
129
129
129
129
129
59
20
Il

1401.

NN WW O

SHAPFACT

1.00000
0.0000
129

0.42488
0.0001
129

0.28287
0.0012
129

-0.33510
0.0001
129

-0.34170
0.0001
129

-0.30798
0.0004
129

-0.11960
0.3669
59

SHAPFACT

-0.15039
0.5268
20

-0,25354
0.4519
11

0.00000
1.0000
3

TABLE I

STATISTICAL ANALYSIS SYSTEM
14:07 Tuesday, August 1, 1978

MEAN

.61247038
.59876009

22475448

.55829457
.34217054
.52695349
.57694915
.44350000
. 95454545
.00000000

DENSITY

0.42488
0.0001
129

1.00000
0.0000
129

0.16161
0.0673
129

-0.19339
0.0281
129

-0.16681
0.0588
129

-0.32357
0.0002
129

-0.14029
0.2892
59

~
(o))

—
e B SO N -

CORRELATION COEFFICIENTS / PROB >

STD DEV

.82795400
.19011116
.17744611
.34027327
.12790661
.49508956
.61811326
.11255644
.17163445

0

(R) UNDER HO:RHO=0 /

RELRAT

0.28287
0.0012
129

0.16161
0.0673
129

1.00000
0.0000
129

-0.33837
0.0001
129

-0. 34667
0.0001
129

-0.45755
0.0001
129

-0.46260
0.0002
59

SUM

595.00867845
593.24005194

180757.99332822

201.02000000
689.14000000
196.97700000
211.04000000
68.87000000
32.50000000
6.00000000

SQM

-0.33510
0.0001
129

-0.19339
0.0281
129

-0.33837
0.0001
129

1.00000
0.0000
129

0.97332
0.0001
129

0.89812
0.0001
129

0.33638
0.0092
59

STATISTICAL ANALYSIS SYSTEM

CORRELATION COEFFICIENTS / PROB >

(R) UNDER HO:RHO=0 / NUMBER

14:07 Tuesday, August 1, 1978

DENSITY

-0.08147
0.7328
20

-0.19102
0.5737
11

0.00000
1.0000
3

RELRAT

-0.66160
0.0015
20

-0.72283
0.0120
11

0.00000

1.0000
3

14

SQM

0.42236
0.0636
20

0.87209
0.0005
11

0.00000
1.0000
3

STRL

-0.34170
0.00001
129

-0.16681
0.0588
129

-0.34667
0.0001
129

0.97332
0.0001
129

1.00000
0.0000
129

0.88526
0.0001
129

0.35333
0.0060
89

MINIMUM

1.11172007
0.33333333

323.40561224

0.02000000
0.01000000
0.33200000
1.10000000
2.00000000
2.00000000
2.00000000

NUMBER OF OBSERVATIONS

BASINLT

-0.30798
0.0004
129

-0.32357
0.0002
129

-0.45755
0.0001
129

0.89812
0.0001
129

0.88526
0.0001
129

1.00000
0.0000
129

0.45912
0.0003
59

OF OBSERVATIONS

STRL

0.53968
0.0140
20

0.73850
0.0094
11

0.00000
1.0000
3

BASINLT

0.59844
0.0053
20

0.70765
0.0148
11

0.00000
1.0000
3

MAXIMUM

15¢
18.
7693.
32.
85.
10.
Bl

6.
6.
2.

22080667
00000000
61308238
49000000
41000000
18500000
00000000
20000000
00000000
00000000



The bifurcation ratio's are (Table I) inversely correlated to relief
ratio, in other words as the relief of a basin increases the bifurcation
ratio decreases (example 12/1=2 or a high ratio, 12/4=3 or a decreasing
ratio). Bifurcation ratios are also directly correlated to stream length,
square miles, and basin length.

Strahler (1964) demonstrated that bifurcation ratios between three
and five are found in watersheds where geologic structure does not exer-
cise a dominant influence on the drainage pattern. The average ratio for
first to second order basihs in the Meadow Creek drainage is 3.6, for sec-
ond to third order basins 3.4, and for third to fourth order basins 3.0.
The implication is that possibly aspect, elevation, vegetation, or some
other variable(s) is causing drainage density not to correlate well with
other variables.

Using data from the 12 basins delineated within the Horse Creek water-
shed simple correlations were again made (Table 2). Basin length, square
miles, and stream length are again strongly correlated. The density/relief
ratio, square miles, stream length and basin length correlations are also
quite similar between the two basins, however, the relief ratio/square
mile, stream length, basin length correlations are much stronger for the
small twelve basin area. This suggests a degree of similarity exists be-
tween the smaller Horse Creek basin and the larger 129 basin Meadow Creek

area.
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Table 2

STATISTICAL ANALYSIS SYSTEM
15:18 Friday, August 11, 1978

JL

Variable N Mean Std. Dev. Sum Minimum Maximum
SHAPFACT 12 3.66320486 1.12966823 43.95845828 1.97507812 5.61125000
DENSITY 12 5.20161371 1.08678775 62.41936453 3.93750000 7.12962963
RELRAT 12 744.57667891 229.43686506 8934.92014695 296.26754083 983.00323079
SQM 12 1.28416667 2.31887300 15.41000000 0.08000000 6.74000000
STRL 12 6.22416667 10.91723779 74.69000000 0.44000000 32.43000000
BASINLT 12 1.60641667 1.54624545 19.27700000 0.63000000 4.96800000
ELZ 12 5194.08333333 193.51251819 62329.00000000 4887.00000000 5457 .50000000
CORRELATION COEFFICIENTS / PROB > (R) UNDER HO:RH0=0 / N = 12
SHAPFACT DENSITY RELRAT SQM STRL BASINLT ELZ
SHAPFACT 1.00000 0.24543 0.13364 0.02834 0.02585 0.03644 -0.17123
0.0000 0.4420 0.6788 0.9303 0.9364 0.9105 0.5947
DENSITY 0.24543 1.00000 0.13295 -0.19721 -0.16100 -0.17381 -0.50165
0.4420 0.0000 0.6804 0.5390 0.6172 0.5890 0.0966
RELRAT 0.13364 0.13295 1.00000 -0.91050 -0.91161 -0.91432 -0.41374
0.6788 0.6804 0.0000 0.0001 0.0001 0.0001 0.1812
SQM 0.02834 -0.19721 -0.91050 1.00000 0.99887 0.99354 0.36766
0.9303 0.5390 0.0001 0.0000 0.0001 0.0001 0.2397
STRL 0.02585 -0.16100 -0.91161 0.99887 1.00000 0.99263 0.35011
0.9364 0.6172 0.0001 0.0001 0.0000 0.0001 0.2646
BASINLT 0.03644 -0.17381 -0.91432 0.99354 0.99263 1.00000 0.32945
0.9105 0.5890 0.0001 0.0001 0.0001 0.0000 0.2957
ELZ -0.17123 -0.50165 -0.41374 0.36766 0.35011 0.32945 1.00000
0.5947 0.0966 0.1812 0.2397 0.2646 0.2957 0.0000



RESULTS: ESTIMATION OF WATER FLOW MODEL

The model, equation [1] previously described, was specified with the

functional form below:

FLOW = B0 + B1 SQM + B2 BASINLT + B3ELZ % B4 RELRAT + B5 PRECIP + 86

(PRECIP)?

+ B7 PMOD + B, ELZ x PRECIP + [2]

8

The estimation results using data for the 12 Horse Creek basins are
displayed in Table 3. The relationship estimated is statistically signif-
icant with an F value of 38 and an adjusted R2 statistic of .87. Ex-
cluding the constant term there are 8 variables in the model and the data
employed provided 54 observations. The interaction term with average
basin elevation (ELZ) and precipitation (Precip) was included as it was
thought the effect of precipitation on runoff might itself depend on ele-
vation since one might expect that among other things vegetation and/or
soil type might systematically vary with elevation resulting in differ-
ential watershed properties.

PMOD, which is, "if PRECIP < 4.6 area feet then PMOD = 0, if
PRECIP > = 4.6 then PMOD = PRECIP - 4.6," was created because a plot of
YIELD versus PRECIP (Table 4) revealed that yield increased greatly after
precipitation increased past the 4.6 level. One might hypothesize that
around the 4.6 precipitation level the soil became saturated, therefore
any additional amounts of water contributed greatly to yield.

The "T" values reported in Table 3 indicate that each variable is

statistically significant at the 5% level of significance.
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81

Dependent Variable:

Source
Model

Error

Corrected Total

Source

SQM

BASINLT

ELZ

RELRAT
PRECIP

P2

PMOD

ELZ x PRECIP

DF

8
45
53

o
-

et e e e

Table 3
STATISTICAL ANALYSIS SYSTEM

General Linear Models Procedure
11:52 Friday, August 18, 1978

Sum of Squares Mean Square F Value PR > F R-Square
24.15125535 3.01890692 38.17 0.0001 0.871558
3.55917695 0.07909282 STD DEV
27.71043230 0.28123446
Type I SS F Value PR > F DF Type IV SS F Value
0.71897064 .09 0.0042 1 0.33813576 4.28
0.89704242 34 0.0016 1 1.07793775 13:63
1.73764263 97 0.0001 1 0.28740454 3563
1.13753088 38 0.0004 1 1.11348665 14.08
17.83939027 55 0.0001 1 0.82949613 10.49
0.52699120 .66 0.0132 1 0.39369697 4.98
1.01959909 89 0.0008 1 1.09505625 13.85
0.27408824 .47 0.0692 1 0.27408824 3.47
T for HO STD Error of
Parameter Estimate Parameter = 0 R s = (T) Estimate
INTERCEPT -12.44949970 -2.30 0.0262 5.41498844
SQM 0.26238099 2.07 0.0445 0.12689817
BASINLT - 0.76292173 -3.69 0.0006 0.20665774
ELZ 0.00191996 1291 0.0630 0.00100720
RELRAT - 0.00207236 -3.75 0.0005 0.00055232
PRECIP 5.60868231 3.24 0.0023 1.73189752
P2 - 0.40760685 -2.23 0.0307 0.18269597
PMOD 2.89045174 372 0.0006 0.77681221
ELZ x PRECIP - 0.00044917 -1.86 0.0692 0.00024129

€.V

17.3411
Yield Mean

1/62177830

By >rF

. 0445
.0006
.0630
.0005
.0023
.0307
. 0006
.0692

OCOOO0OOOO
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RESULTS: LARGE BASIN FORECAST

The first approach, using the small basin model with the independent
variables measured by using the actual values for the large basin, (Table
5) produced a yield (46.3 area feet) that was approximately 25 times the
actual yield (1.97 area feet). The precipitation values used were taken
from nine gauged areas (water year 1967) and applied to the entire basin
using the Thiessen Polygon method (Figure 8).

The second approach, using the small basin model with the independent
variables measured by using the mean values for the 129 small basins that
comprised the large watershed, produced predicted yié]ds ranging between
77 to 98% (Tables 6,7,8) of the actual gauged values. However, in the
water years when PMOD was equal to zero the model only forecasted approxi-
mately 5% of the actual gauged values.

The variable that seemed to determine whether the model would produce
a relatively accurate forecast was PMOD. The procedure used for inserting
PMOD values into the model was to add them and take the average. However,
the average was only of the gauged polygon areas that had precipitation
values greater than 55.2 area inches (4.6 area feet), not the average of
all the gauged polygon areas. In other words, if there were eight gauged
areas and only three of them had precipitation values above 55.2 area
inches, the sum was taken and it was divided by three, not eight. This
was done so as to not overly dilute the effect of PMOD in terms of the

soil saturation point-greater runoff concept.

20



12

DATA FOR MEADOW CREEK DRAINAGE BASIN

Table 5

“Yearly Precipitation Area Feet

Polygon % Of Total Area in Inches - 1967 0f Water Elevation Data
Slims Camp A-2.9434% x 36.53 = 1.075224 + 12 = .089602 Furthest Point Elevation 6480
Indian Hill B-10.1147% x 37.33 = 3.7758175 + 12 = .3146514 Elevation A
Lower Horse Creek C-11.9525% x 39.70 = 4.7451425 + 12 = .3954285 Elevation B
Buck Meadows D-2.9523% x 45.40 = 1.3403442 + 12 = .1116953 Elevation C
Meadow Creek Guard Station E-24.7432% x 27.29 = 6.7524192 + 12 = .5627016 Elevation D
BlackHawk Mountain F-4.3716% x 43.35 = 1.8950886 + 12 = .157924 Elevation E
Green Mountain G-17.5769% x 46.68 = 8.2048969 + 12 = .6837414 Elevation F
ETk Mountain H-19.1565% x 50.40 = 9.654876 =+ 12 = .804573 Outlet Elevation
Mountain Meadows 1-6.1890% x 46.28 = 2.8642692 <+ 12 = .2386891

3.3590063 area feet of water
Model Key Model Estimate
Intercept Intercept -12.44949970
SQM (square miles of basin) SQM 0.26238099 x
BasinLt (length of basin) Basinlt -0.76292173 x
ELZ (FUREL-ELA-ELB-ELC-ELD-ELE-ELF-OUTEL)/8 ELZ -0.00191996 x
RELRAT (FUREL-ELA-ELB-ELC-ELD-ELE-ELF - OUTEL)/BASINLT RELRAT -0.00207236 x
PRECIP PRECIP 5.60868231 x
P2 (PRECIP*PRECIP) P2 -0.40760685 x
PMOD (IF PRECIP < 4.6 THEN PMOD = 0.; IF PRECIP > = 4.6 THEN PMOD = PRECIP-4.6; PMOD 2.89045174 x
ELZ*PRECIP ELZ*PRECIP -0.00044917 x

7421
7440
6844
6020
5700
6570
1736
241.54530 =
27.438 =
6026.375 =
178.70419 =
3.3590063 =
11.282923 =
0.0000000 =
20242.631 =

-12.449499
+63.376873
-20.933045
+11.570037
-.3703286
+18.839599
-4.5989961
0.0000000
-9.0909655

+46.343676
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Table 6
WATER YEAR 1976

Parameter

INTERCEPT -12.44949970 -12.44949970
SQM 1.5582945 x + 0.26238099 = .4088667

BASINLT 1.5269534 x - 0.76292173 = 1.1649458
ELZ 4640.3773 x + 0.0019199% = 8.9090603

RELRAT 1401.2247 x - 0.00207236 = 2.9037579

PRECIP* 4.5983333 x + 5.60868231 = +25.79059

P2 21.144669 x - 0.40760685 = - 8.6187108

PMOD .7945833 x - 2.89045174 = + 2.2967046

ELZ x PRECIP 21338.001 x - 0.00044917 - 9.5828962

Predicted yield 2.685412 area feet
Actual Yield 3.4441666 area feet
Prediction is 77.96% of actual yield

Precip Area of

Station Elevation (in) Polygons (2x3)
Slim's Camp » 1800 50.80 .40 20.32
Meadow Creek Guard Station 3000 28.81 3.9 94.21
Lower Horse Creek 4100 52.65 1.43 75.29
Buck Meadows 5600 63.90 .42 26.84
Black 6100 60.80 .99 60.18
Indian Hill 6100 53.67 .88 47.23
Mountain Meadows 6300 61.51 1.99 122.40
ETk Mountain 7500 72:73 4.05 294.56

13.43 741.04

THIESSEN POLYGON METHOD Z%;%— - 55.18

*Used U.S. Forest Service POLYGON DATA FOR PRECIPITATION From 1976-77

Progress Report and Hydrometeorological Data Summary-Nezperce National
Forest-U.S.D.A. Forest Service-Northern Region.
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Table

7

WATER YEAR 1974

Estimate

Parameter Value
INTERCEPT 2
SQM 1.5582945 x +
BASINLT 1.5269534 x -
ELZ 4640.3773 x +
RELRAT 1401.2247 x -
PRECIP* 3.5 K
p2 14.0625 x -
PMOD I52TTF1 | % s¥
ELZ x PRECIP 17401.414 x -
Pred

o

icted Yield
Actual Yield

Prediction is 7.

2.44949970
0.26238099
0.76292173
0.00191996
0.00207236
5.60868231
0.40760685
2.89045174
.00044917

] ] ] ] 1] ] 1]

Area Feet

-12.44949970

+

+

+21.

+

.4088667
1.1649458
8.9090603
2.9037579
032558
5.7319706
2.7539579
7.814975

3.039295 area feet

2.8241666 area feet

6% more than actual yield

Area of

Station Elevation Precip(LOC) Polygons (2x3)
Slim's Camp 1800 36.72 .40 14.69
Meadow Creek Guard Station 3000 34.98 5.07 177.35
Lower Horse Creek 4100 42.90 1.43 61.35
Buck Meadows 5600 64.90 .42 27.26
Black Hawk 6100 49.16 | 34.90
Indian Hill 6100 46.23 .88 40.68
Mountain Meadows 6300 65.04 .95 61.79
ETk Mountain 7500 69.69 2.60 181.896
12.46 562.14
THIESSEN POLYGON METHOD 8243l = 45.115569

*Used U.S. Forest Service Polygon Data for Precipitation from 1974 Progress
Report and Hydrometeorological Data Summary - Nezperce National Forest -

U.S.D.A. Forest Service - Northern Region.
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Table 8

WATER YEAR 1972

Parameter Value Estimate Area Feet
INTERCEPT -12.44949970 -12.44949970
SQM 1.5582945 + 0.26238099 + .4088667
BASINLT 1.5269534 - 0.76292173 - 1.1649458
ELZ 4640.3773 + 0.00191996 + 8.9090603
RELRAT 1401.2247 - 0.00207236 - 2.9037579
PRECIP* 4.0899345 + 5.60868231 +22.939143
P2 16.727564 - 0.40760685 - 6.8182688
PMOD 5916666 - 2.89045174 4+ 1.7101837
ELZ x PRECIP 18978.839 - 0.00044917 - 8.5233965
Predicted yield = 2.1073860
Actual Yield = 2.1458333
Prediction is 98% of actual yield
Area of
Station Elevation Precip(in) Polygons (2x3)
Slim's Camp 1800 42.78 .40 17.11
Meadow Creek Guard Station 3000 34.71 5.07 175.98
Lower Horse Creek 4100 52.30 1.43 74.79
Buck Meadows 5600 61.90 .42 26.00
Black Hawk 6100 51.10 .71 36.28
Indian Hill 6100 50.19 .88 44 .17
Mountain Meadows 6300 50.73 .95 48.19
Green Mountain 7200 49.45 -+ 2.99 147.86
E1k Mountain 7500 62.70 2.60 163.02
15.45 733.40
Thiessen Polygon Method Z%%L%% = 47.47

* Used U.S. Forest Service Polygon Data for Precipitation from 1972 Progress
Report and Hydrometeorological Data Summary - Nezperce National Forest -
U.S.D.A. Forest Service - Northern Region.
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CONCLUSIONS

1) Blue lines on 1:24000 topography maps supplemented by a consis-
tently applied contour crenulation system to identify additional streams
can be used as a base from which to conduct basin yield studies.

2) Where correlations between basin characteristics for a large
watershed are relatively similar to those for a smaller watershed located
within it, the data from the smaller basin should be able to apply to the
larger basin.

3) Regression analysis of morphometric basin characteristics along
with gauged precipitation data which is prorated according to elevation
can be used to predict yield for a relatively small (12.43 square mile)
forested watershed.

4) A model for a relatively small basin (12.43 square miles) can be
used to predict yield from a larger basin (241.5 square miles) by using the
mean values of the small basins that comprise the larger one.

5) PMOD values, which are an indication of yield increasing rapidly
after a certain amount of precipitation, is probably the result of the
soil becoming saturated, therefore infiltration is minimized which contrib-
utes to a greater increase in runoff. This value would probably vary from
ohe basin to another if the type of soil in the area being studied was

dramatically different.
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