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Fig. 48 -Filson Cxeekt TR-20• is Reservoir Model, Aug. 1977• 
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Fig. 49 - Filson Creek, TR-20, is Reservoir Model, October 1975. 
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Fig. 52 - Filson Creek, One-Day and 10-Day Rain Floods by TR-20: 
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Stony River Near Is~bella (180 Sa. Mi) 

The stony River model was begun after fitting of the Filson Creek watershed 

had started. Realizing that the SCS parameters were unlikely to lead to a fit, 

no attempt was made to estimate these from the guidelines. Since a few cross 

sections of the river were available, the lakes were assumed to be regulated by 

friction control in these sections except at Slate Lake, above the gaging station, 

where a broad-crested weir \vas used to simulate an old logging dam at Highway 1. 

At first, capacity of the reservoirs was determined from planimetry of the 

contour intervals giving a low estimate of storage. Figure 53 shows the sche­

matic arrangement of watersheds and reservoirs for the Stony River, while 

Figure 54 shows the actual subvTatershed boundaries. • 

Because a longer period of precipitation was available, larger storms were used 

on the Stony than on Filson Creek. The largest event was the storm of June 22, 

1964, which had a peak of 1100 cfs. As fitting of the model to this storm pr~­

.gressed, a double peak became evident in the computed hydrograph. This was 

caused by a second burst of rain at about 264 hours (Figs. 55 and 56). 

It ,,-as hoped that this double peak could be smoothed by increasing the 

storage to account for additional bogs and swamps within the watershed. The 

·"high storage model", Figure 57, added five new reservoirs and increased the 

storage of most existing reservoirs using storage estimates derived from DNR 

aerial photos, as vlas done for the Filson Creek model. The increased storage re­

qui~d that the tine of concentration be lowered but did not reduce the double 

peaks of the June 22 storm (Fig. 58). 

The solution to the problem was to treat the storm not as a single event, but 

as two events, with a drying-out period between them. This had to be done by 

hand because the TR-20 c~~ only handle a single event. For the June 22 storm, \ 

the last bm·st, from 4.53 to 5.45 inches, produces .836" of runoff in the model.} 

'11he ncdel 'H'orks on the assumption that the watershed is very wet from the pre­

vious 4. 53 inches .of rain, when it has actually been dried by 5 days of rainless 

su:::r:er .,.;eather. (The antecedent moisture condition is 1. 97", which is wet but 

not unu.:;ual.) If treated as a separate storm with HC III, the curve number would 

be incre&Seci to 88 ani a 1.02" storm will produce only .262" of runoff at CN 88. 
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To make the single event model give .262" of runoff instead of .836", the 

precipitation input must be lowered. Using CN 75 (Fig. 59). The precipitation 

should increase from 4-53" to 4.69" instead of to 5·45"· A fairly good fit re­

sulted. 

If the entire set of r.ainfall events for a nm are altered in this way by 

hand, then one can stop when the runoff has been calculated from the precipitation 

and use this as input to the model (curve number 100 is used). (All "preci:pi ta-

t ion" is converted to runoff by the model.) This eliminates the need to con­

struct a hypothetical rain table which the program would convert back to runoff. 

When adjusted in this way, the Stony storms gave generally good results 

{Figs. 60, 61, and 62). The exception was the storm of September 1-15, 1961, as 

shown in Figures 63 and 64. This storm followed two exceptionally dry months 

(API = .12 at J3B.bbitt on August 28). Over an inch of rain fell August 28 and 29 

but the river discharge increased only from 6.8 to 9.3 cfs. In the following two 

weeks 5. 4 inches of precipitation produced a peak flovl of only 187 cfs and • 5" 
of runoff for the month of September. The observed hydrograph indicates that 

some runoff was produced by the rain of the 10th and 11th of September, which 

indicates a fairly wet watershed condition. Yet the 1.36 inches on the 13-15 of 

September will cause the model to over predict unless a very dry watershed is 

assumed. It amy be that although some runoff was being produced, large losses 

to the soil were still occuring. 

The 10-day sto:rms for 2, 10, 25, and 100 yea:r recurrance intervals were run 

using CN 61 as suggested by the SCS (Ninnesota Hyd. Guide 3-10). The peak flows 

were: 

2 Yr 

10 Yr 

25 Yr 

100 Yr 

Preci:2 •. 

4.14" 

6.61" 

7.80" 

9·15" 

The 1-day stoimS for 2, 10, 25, and 100 

usin.g CU 75. The peak flows were: 

Peak 

398 cfs 

1132 cfs 

1615 cfs 

2684 cfs 

year recurrance intervals were run· 
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Precip. Peak 

2 Yr 2.20" 319 cf's 

10 Yr 3-35" 661 cf's 

25 Yr 3·76" 841 cfs 

100 Yr 4.64" 1275 cf's 

The data for both the 10-day and 1-day storms are plotted in Figure 65. 

See AppendiX A for further discussion of curve numbers. 
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Fig. 65- Stony River, TR-20, Flood Frequency (CN61 for 10 days, CN75 for 1 day) 
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Partrid~;r,e Ri-ver. 

The Partridge River model was a high st?rage moclel, i.e. every watershed con­

tains a reservoir with capacity suggested by D~ aerial photodata, as was the case 

with Stony and Filson. Figure 66 illustrates the sub-watersheds. The curve 

number was begun at 80 and.time of concentration at about 40 hours. From the 

experience with Filson Creek and the Stony River, it seemed fairly certain that 

a curve number aro~d 80 would be correct. Since the model underestimated the 

peaks (Fig. 67), the time of concentration was halved to 20 hours maximum. A 
shorter T seemed unlikely for such lctrge subwatersheds ( ~ 40 sg_uaxe miles 

c 
each), so storage was adjusted next. By reducing storage to 1/8 of the original 

estimate, a fit was finally obtained for the highest peak, but· here, as on Filson 

Creek, the parameters used for one storm would not give a fit for the others. 

Unlike Filson Creek, there was no tendency for smaller storms to produce flatter, 

longer hydrographs. In fact, no simple relationship can be observed in the four 

storms under consideration. The table summarizes the storms used: 

Table 4 

Avg. Max. Observed Computed 
Date API Precin. 

~ {ai)x Peak Flow Pea-'\.c Flow 
(In) (in) n n .(cfs) (cfs) 

Sept '61 ·94 4.89 -326 2.36 370 365 

July 1 62 .86 3·55 ·91 2-31 ·636 765 

J'une '64 .50 4.46 .30 2.24' 1217 1120 

Sept '64 1. 76 3.46 .17 1.01 250 230 
(See Figs. 68' 69' .10, 71, respectively) 

As on the Stony, the storm of September 1961 is a problem and, as on the 

Stony, hand calculation of runoff from the individual substorros was tried but 

here no eTeat improvement was noted. The final storage estimates seem very low 

considering the flat swampy character of the watershed. They are far smaller than 

the storage used on the Stony River •. The relationship of T and storage used 
c 

to fit the storms are: 
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Storm Run#. CN Tc .stor§Ee 

Sept 1961 p 03 80 40 16 - Original 
Estimate 

June 1962 p 09 80 20 2 

June 1964 p 10 80 20 1 

Sept 1964 p 07 80 20 4 

Figures 68, 69, 70, and 71 

U~ing the parameters for the largest of these storms, the 1- and 1 0-day storms 

for 2, 10, 25, and 100-year recurrance intervals were run. The peak flows were: 

10-Day Storms 

Preci-oi tation Peak Flow 

2 Yr 4.16" 382 cfs 

10 Yr 6.61" 1297 cfs 

25 Yr 7-85" 1883 cfs 

100 Yr 9·19" 2854 cfs 

1-Day Storms 

Precinitation Peak Flmv 

2 Yr 2.22" 26.5 cfs 

10 Yr 3-38" 91.5 cfs 

25 Yr 3·79" 1235 cfs 

· 100 Yr 4.67" 1874 cfs 

The peak flows are plotted in Figure 72 • 
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SUMMARY 

SSARR • 

The SSARR model was used to simulate rw1off response in the Stony River, 

Partridge River, and Filson Creek. Calibrating the model with several years of 

data for each watershed, a predictive tool exists for hydrologic response. The 

larger watersheds are calibrated best because the averaging out of watershed 

parameters, lumping over large areas, gives a good representation of the actual 

watershed conditions. In small watersheds the average response is less likely 

to match with actual watershed runoff. Local variations play a more important 

part in the runoff process. 

Extrapolation of meteorological events leads to some variation of the com­

puted ~~off and the actual runoff. Calibration of the SSARR to certain meteoro­

logical conditions ru1d then extrapolating them to large events may induce some 

error and is risky. 

Good.runoff volumes for entire years have been achieved with the SSARR on 

Stony and Partridge Rivers. VariationS occur in localized events for both 

the large and small, Filson Creek, watersheds •. Overall, the model seems to be 

a good .predictive tool for runoff. ( CM ·= 110000 \-lords. ) 

TR-20 

The TR-20 vras conceived as a measured-parameter model for large scale con­

centrated rainfall events. Eecal~e detailed watershed data were not available 

in this study, it was converted to use as a fitted parameter model for smaller, 

long-term events. 

The advantages of using the TR-20 in this way are: 

1. The parameters are directly related to physical phenomena and 

can ""be easily handled. 

2. The ·parameters are few in number for simple storms - cu:rve number, 

Tc and sto:rage. 

3· The program runs quickly and is relatively cheap. 
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4. The. model gives estimates of flow.and reservoir elevation at 

many points within a basin and can easily represent changes in 

a subregion of a basin. 

Disadvantages are: 

1. The model has ohly a rudimentary base flow provision. Whether 

the double watershed model tried on Filson Creek can overcome 

this problem is uncertain. 

2. Natural storms are not usually well sui ted to handling by SCS 

rainfall - runoff curves. For longer intermittant storms the 

precipitation must be prepared by hand and the three moisture 

conditions (dry-:-normal-wet) give onJ.y a rough estimate of water­

shed condition. 

3· The model has no snowmelt capability. 

4. The· TR-20 is a very large program and turnaround is slow. 

(CM; 155000 words.) 

An alternative would be to use the TR-20 as ··a measured-parameter model, 

collect a great deal more data, and refine the watershed description in each 

model. This seems to be a poor alternative because: 1) Some data would be 

difficult and eA~ensive to acquire- i.e., soil ·type, vegetation, and topography 

of t;he "Partridge 100-mile swamp watershed"; 2) In the ca.Se of the Filson model, 

increasing detail did not lead to appreciably better results. 

The effort expended on the TR-20 in this study appears to be reaching a 

point of diminishi11..g returns. It might be worthwhile to inve.stigate the 

Partridge River a bit further to understand the unusual results there and to 

run more storms for the Filson and Stony models to verify the results. Extended 

wor~ on the snowmelt would be working with the weakest part of the model and 

probably not be very re-v;arding. 

Comcariscns 

Figure 73 is a typical printout of the 100-year sno·~elt flood on the Stony 

River. The initial water content of snow was 17 inches. Figures 74-77 illustrate 

comparisons of the 100-year and other floods as d~te~ir-ed by the SSARR and the 

TR-20. :Both snow~el t 2.nd r2.in floods are sho· ... n for the SSJ..RR. The one day rain 
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floods as determined by the TR-20 are shown for Filson Creek. For the Stony 

and Partridge Rivers both 1 day and 1 0-day floods are shov:n for the TR-20. For 

Filson Creek the 1 day rain floods determined by the SSAnR and TR-20 are in good 

agreement. However, both are well below the SS.ARR snowmelt floods. 

The fact that the s~er floods for Filson Creek are well below the com­

puted snowmelt floods may indicate that the short two-year record did not 

provide a summer fiood of sufficient magnitude to properly extrapolate to 

100-year values. Of interest is the fact that the TR-20 summer floods for Fil­

son Creek are very close to the SSARR summer floods. 

Figures 75 and 76 sho\·T a comparison of the SSARR and TR-20 data for Stony 

Creek, plus a curve based on a Log-Pearson Type III analysis of the annual 

floods for the Stony River (N = 11 years of data). In the vicinity of 5% to 

1% probabilities, (20- to 100-year recurre~ce intervals), the frequency 

analysis, the SSARR snov~elt floods and the TR-20 10-day summer floods are in 

close agreement. These indicate a 100-year (or 1% probability) flood of 2600 . 
to 3100 cfs. The SSARR 100-yea.r rainstorm flood is 2200 and the TR-20 1-day 

flood is 1300 cfs (quite low). The TR-20 1-day and 10-day rain floods are in 

close agreement with the SSPJffi rainstorm floods in the region of 50% probability 

or 2-year floods. 

Figure. 76 is a linear graph of the above data, which is helpful to obtain a 

picture of the relative magnitudes of the data. The conservative approach is 

to favor the method that gives the highest discharges, the SSARR snowmelt floods. 

J~so the computed snowmelt floods are closest to the frequency analysis of 

measured floods; it should be noted that there are only 11 years of record for 

the Stony River frequency analysis. The three largest floods of the 11-year record 

a:re shown in Figure 7 5. They were plotted using the equation P oc = m/(N+ 1). 

For the Stony 'River the results might be summarized by saying that the 

SSARR sno~elt floods and the TR-20 10-day rain floods are in good agreement 

\Ji th the frequency __ analysis of obse:r:-ved floods. 

Figure 77 shovrs a comparison of the TR-20 and SSAPill data for the 130-square-
mile Partridge River above Second Creek. Three of the larg-est floods in the 
2)-year record (A = 1)6 sq. miles) are also shown. The latter include Second 
Creek. As the observed floods were for 156 square miles and the computed curves 

were for 130 square miles, the· obse:rved data we!.'e :r:ml tipli~d by ( 130/156) and 

plot ted c.B a second set of 3 points. They are still scD8v:hat high.. 
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In this case, 'the SSARR snowrnel t and the TR-20 1-day floods are in close 

agreement, but well below the TR-20 10-day floods and the 3 observed floods. 

Guetzkow [ 5 J did not include the P-artridge River in his report, probably be-:­

cause of the extensive pumping in the watershed. In the current study consid­

eration was also given to this problem. An adjacent watershed, the Embarrass, 

was considered to be a simpler problem, but the Partridge was selected because 

the extensive mining operations indicated that it was worthy of special study. 

The TR-20 10-day-rain, flood curve was the largest of the computed curves 

(Fig. 77) and closest to the 3 largest observed floods. 

An overall assessment of Figure 77, with reference to the 3 largest observed 

floods, suggests that either they are plotted with the wrong probability, or 

the computed curves were based on fitting events that v1ere too small. 

Table 5 lists all of the observed floods for the 3 watersheds. The 

Partridge and Stony Rivers were fitted primarily on the data of 1960-64. It 

appears th~t in Phase II of this study the Partridge River floods of 1944 (2930 cfs), 

1950 (3070 cfs), and 1954 (2150 cfs), with suitable corrections for area, should 

be used for fitting. 

Figure 78 is a graph of drainage intensity (Q/A) as .a function of area· for 

the computed 100-year floods and the single largest observed flood of the 3 

watersheds. It also includes the 100-year floods, for 6 watersheds in the 

immediate area, as determined by Gutzekow [ 5]. While some scatter of data 

occu:rs, the graph is very interesting. A nominal line was drawn thru the 100-

year floods determined by frequency analysis~(diarnond symbol). Another line was 

d.ra\o.rn thru the SSAP.R snowmelt data (triangle). This was parallel to the pre­

ceding line. A third line was drawn parallel to the preceding two, thru the 

SSPJffi 100-year rain floods (the Filson Creek data were ignored in drawing this 

line). The TR-20 data for the Stony River and Partridge River are close to 

these 3 lines except for the 1-day floods for the Stony River and Filson Creek. 

The SSfiJL~ and~TR-20 rai11storm floods for Filson Creek and the largest ob­

served flood for the same site are well below the curves. This suggests that 

the short 2-year record did not produce a major s~er flood. The 100-year SSARR 

sno~~elt flood for Filson Creek appears re~qonable. Consideri~_g the Partridge 

-River in Figure 78, the computed 100-year floods are well below the largest 
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Table 5 - Observed Floods in the Filson Creek, 
Stony River and Partridge River 

FILSOH CREEK 

~ Peak, cfs Rain Peak: cfs 

1975 118 33 
1976 114 24 
1977 103 103 

STONY RIVER 

~ Peak, cfs Rain Peak 2 cfs 

1952-1953 786 786 
1954 1750 553 
1955 553 454 
1956 1390 384 
1957 2040 776 
1958 449 449 
1959 472 453 
1960 980 297 
1961 665 518 
1962 Boo 340 
1963 330 _121_ 

17415 5307 

PARTRIDGE RIVER {126 sa. miles) 

Year Peak, cfs Rain Peak~ cfs 

194.2-1943 680 680 
1944 2930/ 738 
1945 1560 660 
1946 764 495 
1947 1980 910 
1948 
1949 '950 950 
1950 3070 284 
1951 
1952 711 711 
1953 711 711 
1954 2150 / 1460 
1955 

1955-1956 784 
1960-1961 694 r103*) 154 r70*) 1962 680 636*) 665 636*). 

• 1963 252 441*) . 174 246*) 
1964 1420 1217*) 1420 1217*) 
1965 665 470 
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~(Table 5 Contd.) 

~ Peak, cfs Rain Peak, cfs 

1966 1390 278 
1967 535 305 
1968 1010 1010 
1969 1610 1230 
1970 1010 43.5 
1971 1420 553 

1974-1975 (1013*) (942*) 

·*Corrections made for pumping operations 
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~red flood. As noted in Figure 77, this· suggests further study of the 
obSBJ..• . 

partridge for larger events. The data for the Stony River are generally in 

good agreement with the lines, but the short record of 11 years is a matt8r 

of concen1. As additional data are obtained for the Stony River, the points 

will move upward and the parameters will require adjustment. 

Observed data for the ]ear Island River and the Vermillion River in 

Figure 78 fall well below the c~res. Both of these have large lakes pro­

ducing considerable attenuation of flood waves. They probably should be elim­

inated from Figure 78. 

For the present, Figure 78 does provide a guide· or check on the applica­

tion of the SSARR and TR-20 models to the Copper-Nickel area, for both gaged 

and ungaged watersheds. 

CONCLUSIONS 

1. On the basis of studies conducted to date, the SSARR model provides a 

good model for continuous synthesis of flow in watersheds in the Copper­

Nickel area. The model has not been used for contin~ous synthesis in a 

system of watersheds in this region, but should be applicable. The short 

records in Filson Creek and the Stony River· may not include sufficient 

. major events to thoroughly evaluate the parameter curves. Some additional 

fitting is desirable. It is anticipated that the SMI and BII curves will 

be different for major events than for frequent events with probabilities 

in the regions from 20 to 99%. Low flow may be modified as well as high 

flow. Continuing studies of the SSARR in the Copper-Nickel area are 

desirable. 

·~. Application of the TR-20 to past events, particularly compl~x or multiple 

storm~ is not the procedu=e for which it was developed. After initial 

problems basea in part on inexperience with this model, good fittings could 

be obtained for past events. To achieve the fitting of 3 past floods with 

the same parameters, it 1-1as necessary to divide the precipitation into 2 

amounts. These were a base flow based on about 1.5 inches of precipitation 

and a faster component of runoff for rainfall above 1.5 inches. Snov.welt 
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procedures· are not available in the TR-20; efforts to use snowmelt by the 

ssARR as input to the TR-20 were partially s~ccessful. A comparison of 

1-d~ and 10-day floods suggests that the 10-d~ floods (in tr~s area) 

were closer to the SSARR snowmelt floods and more conservative. Use of 

the TR-20 to compute 100-year to 2-year floods was moderately successful, 

particularly for the 10-day floods. 

3. The primary bene~it of the TR-20 in this investigation may be the analysis 

of the change in runoff from selected areas due to modifications of top­

ography, soil and vegetation due to mining and processing of ore. The 

runoff from these areas, up to 20 square miles in area, could be used with 

a SSARR analysis of the remainder of the watershed. Information on runoff 

(and curve numbers) for tB.ilings and reclaimed areas is necessary. 

4. The annual floods in this region may be ei the;r snowmelt, rain, or a 

combination. However, most of the large floods are primarily snowmelt, 

¥ith some rain during the melt period. 

5. In calibrating these models, the rain and water content of snow were the 

weakest part of the system, and of these two, rain data was the weakest. 

Raing~s are not snaced closely enough in this region to nrovide reason­

ably accurate data. This was true even for the small watershed of Filson 

Creek. The snowmelt flood problem is not as serious as the summer flood 

problem because snow accumulations, or water content thereof, are much 

more uniform than sUIDIO.er rainstorms. Likewise, the snowmelt temperatures 

are reasonably uniform over the watershed area. More raing-a£'es and more 

snowcourses are recommended, in selected w~tersheds, as an ongoing moni­

toring system. 

6. Another streamgage should be installed on the Partridge River above Colby 

·.Lake as part of a monitoring system because of the extensive mining activity 

in this region, pumping effects, and the importance of this watershed. 

1· The Corps of Engineers model EEC 1 should be considered in future studies 

for the analysis df individual storms. 

8. Associated with this study was an investigation of soil moisture prediction 

by Professor Curtis L. L~son and ¥J. Francis I. Idike of the Department of 
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.Agricultural Engineering. This resulted in Addendum No. 1 of this report 

entitled "Predicting Initial Moisture Condition for Runoff Event Models". 

This should be of. considerable. interest to users of the TR-20, HEC 1 

and other models concerned with individual runoff ·events. Three soil 

moisture models were studied: (1) 5-day antecedent rainfall; (2) deple­

tion ratio model; and (3) evaporation pan model. Data from Lamberton and 

Cloquet were used in the study. At Lamberton the depletion model and 

evaporation pan models were superior to the 5-day antecedent index as 

predictors of soil water content in the topsoil. At Cloquet both models 

resulted in higher errors than at Lamberton, with the pan model superior 

in some respects • 
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The TR-20 model's runoff curve numbers must be adjusted when usirig the 

10-day sto~ because there is no provision for watershed drying or for contin­

ued losses to groundwater. For the 10-day storms thi~ would result in peaks 

and vol"JJDeS which are unrealistically high. The SCS publication "Hydrology 

Guide for Minnesota" gives the suggested reduction in curve number for 10-dey 

storms. 

The problems ai?sociated with this approach are shmm by the graphs of the 

Stony River 1-day and 10-day storms. While a 1-day storm begins showing runoff 

from the watershed after about .8" of precipitation, the 10-day storm, with the 

curve number lowered, req_uires over 1. 2" of precipi t.ation to begin producing 

runoff. Yet at the end of the 10-dey storm, the watershed is producing over 

90 percent runoff from the .36" per day of precipitation. This represents an 

extreme change in the character of the watershed and may cause a distortion of 

the hydrograph, making the rising limb low and the receding limb high. 'Whether 

these two changes balance to produce an accurate· peak is uncertain. 

Future Annlications of the SS_~ 

The desirability of extending the SSP~~ simulations to include other water­

sheds and determine the hydrologic impact of tailing ponds is possible. Some 

recalibration of watershed p~ameters woUld have to be done when going to 

other watersheds than fitted ones. 

The exact method of changing the watershed parameter has not been determined 

yet. There are two possible groups of watershed parameters, the conceptual 

reservoir models and the remaining pa=ameters-. such as Sl-IT, :BII, and 8-SS, that 

could be changed in the recalibration. :Both of these watershed parameter groups 

are functions of the watershed's soil types, depth of soils and unconsolidated 

material, the percentage of lakes, bogs, forested area, and bedrock outcrops, 

and the physical layout of the watershed including the slope, length, and area. 

Any ch2nges in the vratershed parameters would be changed becaus~ of differences 

in the calibrated ~atershed and the new watershed. 

:Hodeling the effect of tailings ponds could be accomplished by the use of 

a subwatershed system. The watershed of concern would be split into two sub­

watersheds consisting of the main v1atershed minus the area of the tailings pond 

- and a sub~atershed representing the tailings po~d. The watershed parameters 
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tor a section of the watershed unaffected by the tailings pond would remain 

the same as the fitted values as long as the tailings pond size was small in 

comp 2xison with the watershed. DL1ring operation of the tailings pond, no out­

flow would be computed for the tailings pond subwatershed. After reforestration, 

the runoff hyclrograph for the tailings pond would have to be developed. The 

SSARR would not be a good tool to develope the hydrograph though. However, once 

the hydrograph ~as determined by other methods, it could be routed to the basin 

outflow. The routed· flow would then be added to the remaining outflow for the 

rest of the watershed and a total impact hydrograph obtained • 
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Precipitation Events for Northeastern Minnesota 

Data Obtained from Weather ~au TP 40 and TP 49· 

The point for determing precipitation amounts was midway across Lake 

County; directly west of Cook County, Lake County, and Lake Superior border 

intersection· 

Procedure: 1 ) Detel."Jli.ne point rainfall amounts for the different 

durations and frequencies required from the ISO 

pluvial maps. 

2) ApJ?lY the depth axe a correction factor from Figs. 

10 and 1.5. 

3) Deter.m; ne the rainfall increments. 

4) Rearrange the sto:rm about the middle of the time 

period, oscillate the rainfall amounts about the 

middle value. 
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Calculations for Daily Storm.- Filson Cree~ Watershed (8 Sq Ml) 

Ir.rration Precipitation Correction Corrected Change in Rearranged Storm 
(Hours) Amount Factor Precipitation Precipitation Hours Hourly Amount 

2 YC'ar 

1 1.05 ·95 1.00 1.00 1-7 .01 
2 1. 35 .96 1. 30 .)0 8-10 .10 
J 1. 45 ·975 1. 41 • 11 11 .JO 
6 1.75 .98 1. 72 • 31 12 1.00 

12 li ;2.30 .98 2.16 .44 13 • 11' 
211 2.40 -985 2.)0 .14 14-19 .07 

20-24 .01 

10 Yea:r 
., 1. 60 ·95 1.52 . 1.)2 1-7 .os I 

2 1.90 .96 1.82 .)0 8-10 r .1) 
_.... 
~ 

3 2.20 ·915 2.1.5 ·33 11 .JO '-0 
I 

6 2.60 .98 2.55 • LtO 12 1 • .52 
12 3.10 .98 ).04 -49 13 .JJ 
21+ ).65 ·985 ).60 .56· 14-19 .08 

20-24 .05 

22 Yeax 

1 1. 85 ·95 1.76 1.76 1-7 .os 
2 2.)0 ·96 2.21 .45 8-10 .17 
3 2.50 -97.5 2.44 .2J 11 -45 
6 J.OO .98 2.94 .so 12 1.76 

12 3-5.5 ·98 J.48 -54 13 .23 
24 4.10 ·985 4-04 .56 14-19 .09 

20-24 ."05 

100 Year 

1 2.30 ·95 2.19 2.19 1-7 .06 
2 2.85 ·96 2-74 -55 8-10 .23 
3 ).00 . ·915 2-93 .19 11 ~ss 
6 3-70 .98 3-63 -70 12 2.19 

12 4.40 .98 4-31 .68 13 .19 24 5-05 ·985 4-97 .66 14-19 • 11 
20-24 .06 

.. - ~ ~~~---·-..-.. -- .,_ -·--· -· ·- - . - . .... ~. - ... 



Calculations for 1 0-Day Storm - Stony River Watershed ( 180 Sq I1i) 

Duration Precipitation Correction Corrected Change in Rearranged Stonn 
(Days) Amoll1t Factor Precipitation Precipitation Days Daily Amount 

2 Yea:r 

1 2.40 .918 2.20 2.20 1~3 .10 
2 2.85 ·938. 2.67 ·47 4 ··47 
4 3-50 ·950 3-33 .66 5 2.20 
7 ).80 ·956 3.63 .)0 6-7 -33 

10 1: ; 4 JO .960 4.13 .so 8-10 .17 

10 Yea:r 

1 3.6$ ·918 3·35 3-35 1-3 .• 33 
2 4.10 ·938 3-85 .so 4 .so 
4 s.os ·950 4.80 ·95 5 . 3·35 
7 6.05 ·956 5.78 .98 6-7 .48 

10 6.85 -960 6.,58 .80 8-10 .27 I 
_a. 

\J1. 

22 Year 
0 
I 

1 4.10 . 918 J.76 ).76 1-3 ·39 
2 4-90 ·938 4.60 .84 4 .84 
4 6.00 ·950 5.70 1.10 5 J.76 
7 7.20 -956 6.88 1.18 6-7 ·55 

10 8.15 -960 7.82 ·. 94 8-10 .31 

100 Year 

1 5.05 ·918 4.64 4.64 1-3 .$1 
2 6.10 ·938 5·72 1.08 4 1.08 
4 7.50 ·950 7.13 1 .14 5 4.64 
1 9.05 ·956 8.65 1.52 6-7 -71 

10 10.15 .960 9·74 1.09 8-10 .36 



Calculations for 10-Dey StonJ?. - Partridge River Watershed (130 Sq I1i). 

Du.:ration Precipitation Correction Corrected Change in Rearranged Storm 
(Days) .Amount Factor Pr~cipitation Precipitation Days Daily Amount 

2 Year 

1 2.40 .925 2.22 2.22 1-3 .10 
2 2.85 ·943 2.69 ·47 4 .47 
4 3.50 -953 3·34 .65 5 2.22 
7 3.80 -958 3.64 ·30 6-7 .JJ 

10 4.30 .963 4.14 .so 8-10 .17 
li , 

10 Year 

1 3-65 -925 3·38 3·38 1-3 ·33 
2 4.10 ·943 J .. 87 ·49 4 -49 
4 5-05 ·953 4. 81 ·94 5 

. 
3·38 

7. 6.05 ·958 5.80 ·99 6-7 ~ ·47 
I 
~ 

10 6.85 .963 .6.60 .80 8-10 .27 V't _.. 
I 

22 Year 

1 4.10 ·925 3·19 3-79 1-3 ·39 
2 4-90 ·943 4.62 .83 4 .8) 
4 6.00 ·953 5-72 1.10 5 3-79 
7 7.20 ·958 6.90 1 .18 6-7 -55 

•10 8.15 -963 7.85 ·95 8-10 .J2 

100 Year 

1 5.05 ·925 4.67 4-67 1-3 .51 
2 6.10 -943 5.15 1.08 4 1.08 
4 7.50 ·953 7.15 1.40 5 4-67 
7 9.0) ·958 8.67 1.52 . 6-7 .70 

10 10.15 ·963 9·11 1.10 8-10 ·31 



ADDEND UN NO. 1 

Predicting Initial Noisture Condition for 
Runoff Event ~1odels 

by 

Curtis L. Larson and Francis I. Idike* 

1-18-78 

Some watershed models are intended for prediction of hydrographs for 

individual runoff events, usually for design storms. Two well kno\vn examples 

are the TR-20, of the Soil Conservation Service and the HEC-1, of the U.S. 

Corps of Engineers. \vith such models, (in contrast to continuous watershed 

models) the initial soil moisture condition of the watershed for the event 

must be assu=ed or esti~ated in some manner. 

The TR-20 model utilizes the }!ockus (SGS) equatio~ for estimating store 

runoff awounts, described elseHhere (1)(2)(3). The runoff producing charac-

te.ristics of the watershec, including the initial soil moisture condition, 

are embodied in the curve nu~ber (CN). Three antecedent moisture conditions, 

AMC I, II, and III (low, nediu~ and high), are utilized, and the choice has 

a major effect o~ the calculated runoff amount. For design storms, AHC II, defined 

as the "average case for annual floods" (1), is usually assumed. 

In recent years, the SCS runoff equation has been used occasionally \vhere 

a simplified continuous runoff model is desired (4). Daily rainfall amounts 

are u·sed as in?ut and the curve number is adjusted for the antecedent moisture 

condition, \·lhich is based on the 5-day antecedent rainfall as follmvs (1): 

5-dav antecedent rai~fall (in.) 
ANC Dorrr.ant Season G:ro~~~in~ Season 

I Less than 0.5 Less than 1.4 
II 0.5 to 1.1 1.4 to 2.1 

III Nore than 1.1 Hore than 2.1 

* Professor and Research Assistant, Departn2nt of Agricultural Engineering, 
University of ~-linnesota. 



-2-

'Il~e TR-20 watershed model like1..rise can be used for observed rainstorms. 

In this application, the antecedent rainfall is knoon and the A:-!C can be 

determined as above. The question then arises, is the 5-day antecedent rainfall 

a satisfactory index of soil moisture conditions? If not, is there a daily 

soil moisture model that is better and still easy to use? 

The objective of this substudy was to provide answers to the abova 

question(s) ·chat would be sufficient for the purposes of the main study. A 

secondary question, which was not studied, is \.;rhether or not it \vould be 

desirable to use a continuous scale of ANC or to add some additional A?-1C 

classes. 

Three methods of estioating or predicting soil moisture conditions were 

studied, as follows: 

1. 5-day antecedent rainfall 

2. depletion ratio ~odel 

3. ev2poration pan model 

All three methods \vere applied to the moisture content of the upper soil 

~~ 
layer, on the assurr:ption that/it's effect on storm runoff is dominant. The 

~·· 

study is concerned only with predicted vs. observed soil moisture cont~nts.· 

The results, therefore, are potentially useful in applying any event-type runoff 

model. 

Locations, Data Sour.ces 

1\.;ro Hinnesota locations were used for testing the above methods. The 

first is the Southwest Agri~ultural Experi~ent Station of the University o£ 

Minnesota at Lamberton in Redwood County. The area is highly developed 

agriculturally with hea~; textured, hi£hly productive soils. The d~ta used 

are for a \\ebster silty clay loa~ soil with continuous corn as the cro?. 
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. 
~he data were pro~ided by Dr .. Donald G. Baker~ Professor of Soil Science, 

St. Paul, and were collected at Lamberton with the assistance of the station 

staff, Dr. Hallace Nelson,· Super in tend en t. 

The second location is the Cloquet Forestry· Center of the University of 

Minnesota. It is located in the forested area of N.E. Minnesota, in Carlton 

County. The soil at the site is Omega loamy sand, which has a loH moisture 

holding capacity. The vegetative cover is white pine forest. The soil 

moisture data were provided by Dr. Bruce Bro\vn, Director of the station. 

Soil moisture parameters or characteristics for the two soil types were 

needed. For the Webster silty ~lay loam, the wilting ?Oint and field capacity 

are 16. 8~{ and 27. 2%· by volume, respectively. For the Omega loa:ny sand, the 

correspo~ding values (w~ and FC) are approximately 4.6% and 12.9%, respectively. 

For the pan nodel, daily pan evaporation values observed at the lacberton 

station and published in )1innesota Clima talogical Pa ta \-7ere used. For the 

Cloquet portion of the study, the corresponding data for Hoyt Lakes, riinnesota, 

near Virginia, were used. 

Description of }!odels 

Each of the three methods used in the study constitutes a t:1odel for 

predicting soil moisture content. All are approximate models, selected for 

study because of their simplicity. More complex and more accurate models 

are available (evapotranspiration models), but these require much more data. 

The. 5-day antecedent rainfall is simply the sum of the recorded rainfall 

amounts for the preceding 5 days. It is clearly an index (only) of soil 

moisture, since it is ~~depencent of soil depth and since no adjust~ent is 

tr..c'lde for runoff or for =evapotranspir8tion during t~e 4-day period follm.:ing a 

rain. Instead, after 5 days as a p~rt of the aDtecc:dent rain~all, each 
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d r ainfall i~ droprJed from the total. rccordc 

The depletion rntio n1eth~d is a conceptual model also, since no attem?t 

is made to calculate evapotranspiration. Instead, soil moisture content is 

simulated directly by use of a depletion ratio, k, a parameter whose ~alue 

is less than one. Since it has.no theoretical basis, k must be evaluated 

by fitting. Using S
0 

and s 1 ,as the soil QOisture stored in the soil on 

consecutive days, 

S =kS 
1 0 

For a period of n-days, therefore, 

s =kns 
n o 

(1) 

(2) 

In this subs tud)', S "t.;as defined as the "available tva ter", i.e., the 

water storage in excess of the wilting point, both for a specified soil 

depth. The total \vater content, H, is equal to (S + d • HP) where d is the 

soil depth in the sane units asS (inches were ~sed). Thus, when there 

is no rainfall for an extended period, S approaches zero and total water 

storage (}0 a?proaches the wilting point value as the low~r limit. 

For each day, any observed rainfall is added to the total water storage· 

after the daily depletion. "When a heavy rainfall occurs, total soil '~?ater 

storage may go beyond field capacity. When this occurs, it \vas assun::ed thc:.t 

the soil drains to field capacity one day later (the same assumption -:;as used 

with the pan model.) In that event, field capacity is used as the beginning 

point f~r depletion. 

With the pan model, potential evapotranspiration, PET, is sioulated o~ a 

dnily basis as 

PET = C E 
= p p 

(3) 

where E is the daily pan evaporatio:1.and C is the pan coefficient. Values 
p p 
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can be the observed values for ·individual years or average·values for a 
of Ep 

number of years, but for specified dates of the year. 

~~en applied to the moisture stored in the entire root zone, the pan 

coefficient often is assumed to be 0.70, more or less. In this study, it 

was used to estimate ET for the ~low layer only, giving a much lower value 

for C . Accordingly, C was treated as a fitted parameter. 
p p 

\~ith the pan model, one must recognize that, ~.;hen soil moisture is limited, 

the actual ET can be considerably less than PET. A method of adjusting PET 

values to ET values is therefore needed. Based on various studies in the 

literature, as well as discussions with Dr. Donald G. Baker (Professor of Soil 

S~ience, University of Hinnesota), a submodel for r.elating ET to PET \vas 

develo~ed earlier by the senior author. The model defined ET ratio (ETR) as 

ET/PET, }! as total woisture content and x
50 

as the moisture content at 50% 

available moisture, i.e. , widway bet"t~·een WP and FC; The follot;.;ing assumptions 

are made: 

1. At ~oisture contents equal to and greater than }!
50

, ETR = 1.0. 

2. · At a moisture content corresponding to\~, ETR = 0.30. 

3. ETR varies linearly with soil noisture co~tent, passing through 
these t"t-m poi~ts and do~.;n to a minimum value of zero (at so'hle 
moisture content less than \·lP). 

These assumptions give a general expression for ETR as a function of the 

moisture content, M, as follows: 

ETR·= a H + b 
(0.0 ~ ETR 2 1.0) 

(4) 

For convenience, H is t-aken as the total moisture content for the soil depth --
being considered, whili'a and b vary with soil type. The constants a and b 

can be evaluated direct1y, given the values of t~ and FC. In general, 
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a = . (5) 

b = "I. 0 - a N
50 

(6) . 

Finally, to apply the pan model, 

ET = 1'-ET • ETR (7) 

The soil moisture CODtent is, of course, calculated day by day by subtracting 

the ET and adding the rainfall, if any, for each day. 



-7-

Table 1. Five-dny ~?tecedent rainfall vs. observed soil moisture at 
Lamberton, 197~ 

Observe~/vater 5-day antecedent 
D3te Content- rainfall 

(in.) (in.) 
April 27' 2.22 1.54 
1-Iay 13 1.95 1.49 
June 5 2.11 1.34 
June 19 2.19 3.06 
July 1 1.68 1.34 

.July 20 1.88 1.37 
August 3 1.77 2.15 
August 21 1.39 1.34 
September 2 1.53 1.7:5 
Septe~ber 18 2.18 2.52 
October 5 ·1.87 1.34 
October 16 2.25 1.59· 

}!EAN 1.91 1.74 

Error 
% 

-31 
-24 
-36 

40 
-20 
-27 

21 
- 4 

14 
16 

-28 
-29 

24 

!/ At South~.;est Agricultural Experiment Station, University of Ninnesota. 
l\'ebs t er silty clay loar.1, field of corn 

11 For 0 - 8 inch depth 
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2 Hodel values of soil v.·ater .content, o.-8 in depth at Lamberton _1/, 
'f.;tblC • 

19 70, using two models wi~h fitted coefficients. 

Hodel soil water Error 
Observed Depletion Pan 

Date soil water Depletion model 2/ Pan mod.;l 3/ Hodel }~odel 

(in.) (in.) (in.) (%) ( }.;) 

April 27 2.22 -----
Nay 13 1.95 1.79 1.66 - 8 -15 
June 5 2.11 1.89 1.84 -10 -13 
June 19 2.19 1.99 1.91 9 -13 
July 1 1.68 1.67 1.35 0 -20 
July 20 ·1.88 1.89 1.87 1 0 
August 3 1.77 1.98 1.87 2 6 
August 21 1.39 1.Vl 1.56 23 12 
September 2 1.53 1.85 1.66 21 8 

·Septer:lber 18 2.18 2.11 2.08 - 3 - 4 
October 5 1.87 1.74 1.78 - 7 - 5 
October 16 2.25 1.94 2.18 -14 - 3 

HEAN 1.92 1.87 1.80 8.9 9.0 

~/ At South~~est Agricultu~al E~~eriment Station, University of Minnesota. 
Webster silty clay loan, field of corn 

11 Daily depletion coefficient, fitted value = 0.92 

ll Pan coefficient (applied to 'vater loss from 0-8 inch depth), fitted value= 0.25 

• 
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Table 3. Predicted vs. observed ~wil water at Lamberton J:./, 1973, 0-8 inch 
depth, by two models]:_/. 

Predicted soil w2.ter Error 
Observed 

Deoletion modell/ 4/ Depletion Pan 
Date soil h·ater Pan model- Hodel Model 

(in.) (in.) (in.) 

April 27 2.22 
:Hay 15 1.88 1.74 1.62 - 7 -1!:" 
June 1 2.45 1.94 1.86 -21 -2!. 
June 15 2.05 1.93 1.59 - 6 -22 
July 3 1.96 2.11 1.85 8 - 6 
July 16 1.51 1.85 1.57 22 4 
August 2 1.68 1.86 1.84 10 9 
August 15 1.38 1.80 1.55 31 13 

·August 31 1.35 1.57 1.33 16 - 2 
September 18 1.79 2.11 2.14 18 20 
October 19 2.12 1.81 2.07 -14 - 2 

HEAN 1.85 1.87 1.74 15.3 11.6 

1_/ At Southwest Agricultural Experiment Station, University of }finnesota. 
Webster silty clay loam, field of corn. 

~I Model parameters determined by fitting to 1970 data. 

1./ Daily depletion constant = 0.92. 

!!_/ 
Pan coefficient (applied to water loss from 0-8 inch depth) 0.25. 
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. 1/ 
T~blc 4. Model vnlues of soil water content, 0-6 inch depth at ~loquet- '· 1963, 

using two mod~ls with fitted coefficients. 

No del soi.l \V'a tcr Error 
Observed 

Depletion model~/ 3/ Depletion Pan 
D.:1te soil t.Ja ter Pan model- .Model Nadel 

(in.) (in.) (in.) , 

~tay 13 1.07 
~i.:ly 24 .88 .64 .63 -27 -28 
June 3 .74 .73 .70 - •2 - 6 
June 11 .88 .75 .77 -14 -12 
June 21 .71 .68 .63 - 4 -11 
June 28 .65 .68 .68 5 5 
July 3 .52 .66 .65 26 24 
July 12 .46 .88 .71 90 54 
July 23 .40 .47 .44 17 10 
July 29 .61 .73 .72 20 19 
August 1 .70 .73 .74 5 6 
August 9 .46 .66 .49 43 6 
August 15 .73 .68 .66 - 7 -10 
A'-Jgust 26 .58 .74 .72 27 24 
September 10 .49 .50 .49 3 1 
Septe<Jber 19 .80 .73 .74 - 9 - 8 

HEA.~ 0.67 0.68 0.65 19.9 14.9 

At Cloquet Forestry Center, University of l1innesota, Omega loamy sand, 
white pine forest. 

Jj 

11 

Daily depletion coefficient, fitted value = 0.90 

Pan co~fficient (applied to water loss from 0-6 inch depth), fitted 
value = 0.30 
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!;tblc s. Predicted vs 21 observed soil Hater content, 0-6 inch depth, at Cloquet)/, 
1964, by t\.;o models- . · 

Predicted soil ,.;a ter Error 
Observed . . 3/ p 1 .13/ 

Depletion Pan 
Date soil Hater De2letion model- an n:OQC - model model 

{in.) (in.) (in.) (/;) (%) 

May 11 .97 
Nay 21 .83 .64 .54 -23 -35 

·Nay 27 .85 .64 .54 ~25 -37 
June 9 .88 1.13 1.16 29 32 
June 16 .70 .58 .49 -17 -30 
June 25 .92 .78 .76 -16 -18 
July 8 .55 .68 .40 24 -27 
July 16 .40 .45 .26 12 -35 
July 23 .39 .38 .25 - 3 -36 
July 29 .40 .73 .63 82 57 
August 3 .44 .73 .70 67 60 
August 13 .43 .73 .76 71 78 
August 18 .43 .68 .68 60 60 
August 26 .83 .68 .73 -18 -12 
Septe!!tber 15 .92 .59 .63 -36 -32 
Septenper 25 .94 .78 .77 -17 -18 

'HE~~ 0.68 0.68 0.62 33~3 37.8 

:!/ At Cloquet Forest Experiment Station, University of }!innesota, Omega 
loamy sand,. Hhi te pine forest. 

1/ Model parameters determined by fitting to 1963 data. 

1/ Daily depletion coefficient = 0.90. 

!!_/ Pan coefficient (applied to water loss from 0-6 inch de~th) 0.30 . 
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Results at Lamberton 

Field data for the years 1970 and 1973 at Lamberton were utilized 

to test the different models. Daily precipitation is observed at the 

Southwest Experiment Station and, since this is one of the m~s regular 

stations, is published in Minnesota Climatologic Data. The soil 

moisture data are measured by 6-inch intervals. For the purposes of 

this study, however, water contents for the 0 to 8-inch depth were 

calculated and used, since this is the plow layer (tilled portion) of 

the soil. 

First, for the 1970 growing season, 5-day antecedent rainfall 

amounts were calculated and compared to the water content of the top 

8 inches of the soil (Table 1). The results indicate wide differences 

between the two on the various dates, from -36% to + 40%, with a mean 

error of 24% (average of absolute values). The mean value of the 5-day 

antecedent rainfall is seen to be about 9% below that of the observed 

water content. This is probably acceptable and could be .adjusted. The 

mean error is rather high, which is not surprising, considering the 

over-simplified approach being used. Further ··efforts r therefore, were 

directed to the other two nodels. 

With the depletion and pan models, the 1970 data were used to fit 

the models. By trial and error fitting, it was found that the best 

value of the depletion coefficient was 0.92. With this fitted value 

(Table 2), the depl~tion model gives fairly good individual values, with 

an acceptable rang~of error. The mean error is less than 9% and the 

n1ean calculated soil water content is quite close to the mean of the 

-observed values (1.87 vs. 1.92 inches). 
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With the pan model, the best· value of the coefficient for 1970 was 

found to be 0.25, quite low, as expected, since water_ loss only from the 

top 8 inches of soil is considered. ·The range of errors and the mean 

error are about the same as for the depletion model. The mean value 

(1.80 inches) does not compare quite as well as that for the depletion 

model, but differs only about 6% from the observed mean water content. 

Thus both models performed quite well on a fitted basis. 

It should be noted that modeling ETR by Eq. (4) was a necessary 

part of using the pan model. For Lamberton, value of WP and FC for 

the 8-inch soil depth are 1.34 and 2.18 inches, respectively, based on 

the percent-by-volume values given earlier. This makes M
50 

equal to 

. -1 
1.76 inches, a equal to 1.667 inches and b equal to -1.934. ETR 

goes to zero at M = 1.16 inches and ET =PET forM> 1.76 inches. 

Independent tests of the two mode1s were made for the year 1973, 

usingcoefficientsobtained for the 1970 data. The results are given in 

Table 3. In terms of error, the pan model predicted soil water contents 

better than the depletion model. The mean value of soil water content 

for the depletion model was very close to the mean observed value. The 

pan model was less accurate in this respect, but only about 6% low. In 

general, both models predicted soil moisture contents during 1973 

reasonably well. Consl.dering the si~licity of the models, perhaps the 

results should be considered good. 

Results at Cloquet 

., 

The two models were fitted and tested at Cloquet in much the same 

manner, using data for 1963 and 1964. Here too, precipitation is ob-

served daily and published in Minnesota Climatological Data. In this 



- -~--~-- ----~----_...__ ____ --

,• -14-

case, since the soil is untilled and has forest cover, the soil moisture 

content was modeled for the 0 to 6-inch depth, which is the way it was 

measured. 

The 1963 data were us~d for "fitting tests" of both models (Table 4). 

Trial and error fitting led to values of 0.90 for the depletion coeffi-

cient and 0.30 for the pan coefficient. These values suggest higher 

rates of water loss than at Lamberton, though not greatly different. 

Possible reasons are the very sandy soil and the use of a 6-inch depth 

as compared to 8 inches at Lamberton. 

The range of error for both models was somewhat greater than at 

Lamberton. The unusually large error with both models on July 12 

boosted the average error by several per cent, especially for the deple-

tion model. This suggests the possibility of a data error for that date. 

The mean values of the soil water content according to the two models 

are both very close to the observed value. 

With the pan model, Eq. (4) was again utilized to determine ETR 

values. For the 6-inch depth of Omega sand, WP, M
50 

and FC are 0.138, 

0.263 and 0.388 inches, respectively. From this, one finds that, in 

. -1 
Eq. 4, a is 5.60 inches and b is -0.473. ETR becomes zero at 

M c 0.084 inches and ET = PET forM> 0.388 inches. 

Results of using the two models to predict soil water contents 

for the 1964 season are given in Table 5. These results are not nearly 

as gocd as the preceding ones, at least in terms of per cent error. The 

mean "Water contents for the season by the t-..;o models are still good, 

with perfect agreement in one case and -9% in the other. Errors on 

individual values of soil vrater content range up co about 0. 30 inch, 

both positive and negative, which is not so high in absolute value, though 
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high as a percentage. It may be noted that a very sandy soil, such as 

the Omega, when at field capacity, is holding a relatively small amount 

of water and is still able to infiltrate a lot of water. Its ability 

to retain much water is low, even if ·initially very dry. 

Discussion of Results 

Inspection of the values in Tables 4 and 5 shows that at Cloquet 

there is a strong tendency to predict high on moisture contents during 

midsuomer and to be low during spring and fall. This is obvious with 

both models for the 1963 data, and also for the depletion model in 1964. 

This pattern of error can be explained for the depletion model by the 

fact that it depletes the soil moisture at the same rate throughout the 

year. The pan ~odel, on the other hand, varies the loss rate by relating 

it to pan e~aporation and therefore should do better in this respect. 

With the Lamberton results (Tables 2 and 3), one sees the same pattern 

of error for both models. In general, the pan model is some~hat better 

in this respect than the depletion model, as one would expect. 

This pattern of error could be at least partially corrected by 

varying the coefficients for both models seasonally. This possibility 

was explored to a limited extent with the Lamberton data. In general, 

this yielded higher values of the pan coefficient in spring and early 

summer and lower. values in midsumwcr and fall. The results were not 

conclusive, however. A more extensive study of the seasonal variation 

of the pan and depletion coefficients might give a.useable set of 

monthly or seasonal values. This was, however, outside the scope of 

the present study. 

Ti~e did not pe~it testing the models with different soil depths, 
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wh:1.c::h could possibly improve the results. At Cloquet, for example, 

perhaps a soil depth of 8 inches would have given better results. 

However, there is nothing in the results obtained to suggest this. 

A more i~portant, related question is "What soil storage depth 

is best from the standpoint'of predicting runoff by a particular model, 

in this case the TR-20 model?" Th:!..s can be determined only by making 

trials with the watershed model and this would require considerable 

effort. The idea of relating runoff amounts to the water content of 

the upper layer of soil is a well accepted one. There is nothing 

definitive, however, on what depth to use for this "control" layer and, 

therefore, this question remains unanswered. 

Conclusion 

Since the studies reported herein were quite limited, only 

tentative conclusions can be drawn, as follows: 

1. Based on the Lamberton results, both the depletion and pan 

models are superior to 5-day antecedent rainfall as predictors 

of soil water content in the topsoil. 

2. At Lamberton both models yield satisfactory predictions of soil 

water content. The pan model was slightly better (Table 3). 

3~ At Cloquet, higher errors were obtained with both models than 

at Lamberton. The results for the independent tests were only 

"fair", although the mean values for the year agreed well with 

the observ~d values. 

4. Using fixed. coefficients, both models exhibited a tendency to 

predict soil water contents that are too high during the summer 

(ET underesti~dted) and too low during spring and fall (EI 

overestir::.ated). 
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s. The pan model does a somewhat better job of representing 

seasonal variations in ET and soil water content than the 

depletion model. 

6. Both models are relatively simple, utilizing readily available 

data. In addition to precipitation data, the pan model re­

quires daily evaporation cata. 

7. The pan model is somewhat more involved than the depletion 

model, since it requires adjustment of potential ET to actual 

ET and some knowledge of the soil's moisture holding character­

istics. A simple and general method for determining actual 

ET from potential ET is presented. 

Further improvements in the two models would no doubt be possible 

by means of more extensive studies. 
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