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APPLICATlON OF THE SSARR MODEL TO A BASIN 
WITHOUT DISCHARGE RECORD 

I. INTRODUCTION 

Hydrologic models are usually designed and tested on basins where 
high quality data are available with adequate areal and time coverage. 
In operational forecasting the model must be applied where the fore­
cast is needed and not necessarily where alI desired data are available. 
The flexibi I ity, adaptability, and rationality of a model are often 
severely tested when applied to practical forecasting situations. 

The SSARR (Streamflow Synthesis and Reservoir Regulation) model was 
designed to be a general, flexible model with special provisions for 
use in daily river forecasting operations. It has been tested on 
many basins with adequate data, thus demonstrating its abi I ity to 
rei iably synthesize watershed response to both rainfal I and snow 
melt (I) (2). 

In the present appl !cation the model is used to answer a need for 
flood forecast service on the Skookumchuck River at Centralia, 
Washington (172 square mile basin, Figure I). Streamflow data 
consist of short period gage height records, but no discharge 
information except for smaller headwater areas. Precipitation must 
be estimated from two stations in an adjacent watershed. 

I I. EVOLUTION OF THE SSARR MODEL 

The SSARR model and the associated computer program was designed to 
synthesize alI the various hydrologic and hydraulic processes in a 
large complex river system. Hydrologically and hydraul leal ly it is 
very general in that it synthesizes the following processes: separa­
tion of areas of rain and snow, soi I moisture accounting, watershed 
rainfal I runoff, snowmelt, snowpack accumulqtion, watershed routing, 
channel routing, overbank flow routing, lak~ routing, reservoir 
regulation and backwater computation. AI I of these processes can be 
specified as part of the synthesis of a complex river system consist­
ing of various basins, channels, reservoirs, and lakes. 

The associated computer program provides for a great deal of flexibi-
1 ity and ease in specifying prototype configuration, model coeffi­
cients, data input, output of results, plotting of input data and 
system results, computational period length, and units used. The 
program is designed to faci I itate the revision of, or addition to the 
model. 



The present SSARR model and its computer program is the second major 
modification of the basic model designed in 1957 by Rockwood (3). 
The first modification was programmed for the IBM 1920 and was used 
operationally by the Cooperative Columbia River Forecast Unit* from 
1962 through 1967. The latest major redesign, as wei I as subsequent 
refinements, is a cooperative effort of the Corps of Engineers, 
North Pacific Division, and the River Forecast Center, ESSA, Weather 
Bureau. Since the first operational use of the present model in the 
winter of 1968, the model and program have undergone continuous 
refinement. 

I I I. BASIC CONCEPTS IN THE WATERSHED MODEL 

Because this application in the Skookumchuck Basin uses only the 
watershed portion of the SSARR model, the desc0ipti6n wi I I be I imited 
to that portion. A schematic representation, as presented by 
Anderson (4), is shown In Figure 2. This I~ a low elevation basin in 
a maritime climate where snowfal I and snow melt are not significant. 
Thus, the four. snow-related functions of Figure 2 were not gen~ral ly 
employed. 

A basin may be considered a homogeneous unit and runoff calculated 
for the whole, or subareas may be computed Individually and combined 
to produce the watershed outflow. Each of these subareas may have 
its own data input, weightlngs, coefficients and functions as imp I ied 
in Figure 2. 

Watershed precipitation may be input in the form of station amounts 
(each individually weighted) or In basin average quantities. Preci­
pitation can be entered in any period length from 0.1 hour to 24 
hours Cor a mixture of periods) l.ndependent of the computational 
interval. Amounts of precipitation can be in inches or in percent 
of period normals, or rainy day ratios (5) if it is necessary to 
adjust for station and basin elevation effects. Metric units may 
also be used. 

' 
*This unit was formed in 1962 by formal·· agreement between the 
Weather Bureau, ESSA, and the Corps of Engineers, U. S. Army, 
to make the best use of streamflow forecasting capabl I itles 
of the Portland River Forecast Center of the Weather Bureau 
and the North Pacific Division office of the Corps of Engi­
neers. The Unit prepares flood forecasts ~nd streamflow and 
reservoir inflow fo~ecasts for the entire Columbia Basin, and 
the adjacent coastal areas In Washington and Oregon. The 
forecasts are used to satisfy the pub I ic service responsibi I i­
ties of the Weather Bureau as wei I as the Corps of Engineers' 
requirements for forecasts for project operation. Forecasts 
are suppl led to agencies, both public and private in United 
States and Canada, which have river-related activities and 
responsibi I ities. 
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The combined weighted station amounts of precipitation are, in the case 
of no snowfal I or snow melt, the total moisture input. 

Sol I Moisture Function. The essence of the rainfal !-runoff computation 
is performed in the Sci I Moisture-Runoff function labeled SMI in Figure 
2. A typical Sci I Moisture Index-Runoff percent relation is shown in 
Figure 3. The percent of the watershed rainfal I for each computational 
period which wi II later appear as flow in the stream is termed Runoff 
Percent CROP). This is total runoff including base flow. The comple­
ment of the ROP is added to the sol I moisture and is removed only by 
evapo-transpiration. The SMI is computed as follows: 

SMI 2 = SMI I + CMI-RO) - KECETI) 

where ETI is an evapo-transpiration amount which, during periods of 
rainfall, is reduced by a function KE, Ml is moisture input, RO is 
computed runoff. The quantity CMI-RO) can be termed recharge and be 
restated as ( 1-ROP)MI. 

Computation of SMI and ROP is done once for each computational inter­
val or period and the value of the ROP for the beginning of the period 
is appl led to alI the moisture input for the period. The computational 
period is made sufficiently short to account for the effects of inten­
sity. The computational period may be varied during the run. 

The minimum runoff percent is related to the amount of impervious area 
and water surface in the watershed--lakes, streams, swamps, or other 
areas which even after a long dry spel I would produce 100 percent run­
off. The maximum SMI, usually equivalent to 100 percent runoff from 
the entire watershed, is related to the sol I 's total moisture holding 
capacity. 

Base Flow lnfi ltration Function. Base flow is the first of three 
arbitrary components of runoff to be separated and routed with its own 
time delay. It is a function of the Base Flow lnfi ltration Index CBII) 
and is determined each computational period from a relationship such as 
shown in Figure 4. The volume of runoff is CMI) (ROP) CBFP) where BFP 
is the base flow percent. This component is somewhat analogous to that 
portion of the discharge hydrograph which is excluded in the standard 
base flow separation techniques to leave "direct storm runoff" (6). 
The Bl I is a value which integrates the effect of immediately antece­
dent runoff. In simplified form, its computation is: 

where Kr is a recession constant. The index is high during a period 
of high runoff, but it can decay to near zero after three or four days 
of no runoff generation. This is in contrast to the SMI which is 
usually a slowly changing value and can be thought of as a seasonal 
index. As in the case of the SMI, the Bl I at the beginning of the com­
putational period is used to compute the BFP for that period. 
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The Base Flow Inti ltration relation~hip may be thought of as evaluat­
ing the amount of the runoff volume whicb is detained in depression 
storage and in transit in the soi I but which w i I I I ater contribute to 
groundwater storage and ultimately appear in the stream as base f)ow. 
The contribution to base flow is usually the greatest portion of the 
runoff following a period of low runoff generation. 

Surface, Subsurface Separation. The remaining runoff.after the base 
flow percentage is satisfied is avai !able for separation into the 
other two arbitrary flow components: surface and subsurface flow. 
The surface, subsurface function shown in. Figure 5 is a simple:rela­
tionship which evaluates the period surface runoff as a function of 
the intensity of direct runoff. The remaining runoff is then assigned 
to the subsurface component. 

Watershed Routing. Each of the components of watershed runoff is 
routed separately with a given time-delay' to the stream at the water­
shed outflow. Thus the separation and separate routing accomplishes 
what some hydrologists have simulated by "variable-peaked" unit 
hydrographs. 

The routing is accomplished by the multi-increment, reservoir-type 
storage method ( 3) . Each component has its own numb~r of i hd·ements 
(reservoirs) and time of storage. Typically, the subsurface compo­
nent has a time-delay of tw6 to three times that of the surface com­
ponent. 

IV. THE S KOOKUMCHUCK BAS IN PROBLEM 

The Skookumchuck River rises in the C~scade Mounta(n foothi I Is east· 
of Centralia,. in southwestern Washington, and flows through the resi­
dential section of Centralia before joining the ChehaJ is River on the 
west edge of town. Flooding occurs fairly frequently and a river 
stage foreca~ting service is requlred. 

The basin area is 172 square miles, and ele~ations range from 1jo to 
over 3000 feet MSL. Floods are caused by heavy rainfall and since 
about 70 percent of the basin is below 1000 feet, sno'W melt is a minor 
consideration. 

A staff gage was established by the Weather Bureau at ~he Harrison 
Avenue Bridge in 1950 (Figure 1). lri 1965 the gage height record was 
moved upstream a few blocks to a better site at the Pearl Street 
Bridge after a one-season overlap in record. The U. S. Geological 
Survey operates a gaging statlon 24 miles upstream at a point repre­
senting one-third of the total drainage area. In December 1967 that 
agency also established a'gaging station at Bucoda, where the drainage 
area is about two-thirds of the total. Thus, there is a reasonably 
long, composite record of river stages avaJ !able, but essentia1 ly no 
usable discharge information at t~e forecast point. 
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The quality of rainfal I data is rather typical of this size area. 
There is a standard climatological station in Centralia at the edge 
of the watershed, measuring 24-hour rainfal I amounts, but no other 
precipitation stations within the basin. There are, however, two 
rather we I I -I ocated recording rain gages at Cheha I is and Cinebar, 
just outside the basin to the south. 

Previous flood warnings had been prepared from a crude stage relation 
between the Skookumchuck and Chehalis River gages. Known differences 
in rainfal I could not be handled objectively. Other direct correla­
tion methods using crest stage data could have been pursued, but they 
fai I to use the additional intel I igence avai !able in the complete 
storm stage hydrograph. Neither do they yield the desired forecast 
of the complete hydrograph. The problem was viewed as a challenge to 
the considerable flexibi I ity of the SSARR model. 

V. THE SOLUTION 

In order to uti I ize the complete record in consistent fashion, it was 
necessary to synthesize the record at the present Pearl Street site 
from the earlier record at Harrison Street. There were eight signi­
ficant storms in the total period for which reasonably complete rain-
fa! I and gage height data were avai !able. The synthesis was accomplished 
with a gage height relation based on the period of concurrent record. 
Here one of the model's features made the conversion almost effortless. 
With the "adjacent basin" faci I ity (7), any station's flow (or stage) 
can be made to vary as a function of a second station. The function 
can be defined by a two-variable table. 

AI I original gage height observations were punched in a format (7) 
which permits time identification of irregular readings. The model 
permits entry of data directly in the form of discharge, or in the 
form of elevations when an elevation-discharge relation is suppl led. 
Thus the second step in the "trial and error" process was to estimate 
a stage-discharge relation. This was done largely with the aid of 
I imited discharge information from the smal Jer gaged portions of the 
basin. 

Rainfall was supplied to the model in the form of three-hourly station 
amounts, that period being considered optimum for this climate and 
size of basin. Major storms are usually more than 24 hours in duration. 
Storm hydrograph durations varied from 6 to 9 days. Basin precipita­
tion was defined as equal to the weighted average of the two station 
amounts. Weights were determined by the ratios of basin normal annual 
precipitation (NAP) to station NAP. 

Other first trial coefficients of the model were assigned from a know­
ledge of the general hydrology of the basin and the region. Initial 
values of the indices were assigned on the basis of experience. Runoff 
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coefficients in this area approach 100 
values between 90 and 100 percent were 
a lesser value in the one fa I I storm. 
at the beginning of each storm. 

percent in midwinter. Initial 
used in 7 of the 8\storms, with 
Bl [ values were near mini~um 

VI. RESULTS AND CONCLUSIONS 

The performance of the model is indicat~d by th~ storm recbnstltutlons 
of figure 6. This degr~e of agteement b~tween the distharg~ computed 
from rainfal I and that ~ynthesized from the gage height record was 
achieved with only 4 trials. Each took 5 minutes of computer time. 
Surprisingly, the first trial stage discharge re_lation required no 
modification. 

The satisfactory reproduction of eight storm hydrographs gives promise 
that the SSARR model coefficients are adequate for operational fore­
casting, and that the synthetic stage discharge relationship provides 
a reasonable estimate of the flow in the Skookumchuck River at Centralia. 
The computer model and the derived coefficients are also used to prepare 
tables for a backup procedure which can be used dUr1ng a computer 
failure, or which can be provided another offic~. This manual backup 
procedure is entirely compatible with the ~6mputer calcul~fions and can 
be used to modify a. computer forecast, or to prepare an original fore­
cast. 

Results of reconstitutions and ease of application are testimony to the 
adaptabi I ity and rationality of a model, which can translate such "bits 
and pieces" of ·input data into practic'al for~casts. 
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11 DEC- "66 
11 DfC-66 ~DO 
11 DEC l:6 f:CC 
11 cEc 66 CJoo 
II DEC b6 12DO 
11 DEC. 6f: 15CC 
II DEC" .66 1800 
u oEc 66 ace 
12 DEC.. 66 cc 
12 DEC 66 3CO 
12 DEC .. f:6 _ f:CC 
11 DEC. U: <;:CC. 
12 DEC 66 10:00 
12 CEC. 66 15CO 
12 DEC 66 1800 
12 OH 66 aco 
13 DEC 66 co 
13 DEC 66 30t' 
13 nee 66 6CC 
13 DEC "66 'iCC 0 
13 DEC 66 1200 m 
13 DEC 66 1~0C n 

m B DEC bf: tecc :r:: 13 DEC. 66 210C .. 
lot. CEC. t6 cc m 
toto oEc; 66 ~cc ... 
14 DEC 66 600" 

:0 lot. DEC .66 900 
Ill DEC 66' 12CC ... 
lot. DEC 66- 1500' ... 
toto DEC 66 tecc 

_toto oEc f>6 ace 
t5 nee 66 cc 
1~ CEC 66 :300 
'I! DEC t-t tCC 
-15 nee ·66 90D 
I~ CEC "f:t. 12CC 
,I'! DEC -f:6 l'!CO 
15 DEC 66 IBCC 
I! DEC '66 .HCO 
16 DEC 66 co 
H DFC 6b :!00 
,16 DEC U t:CC 
lt. DEC 66 9CC 
16 nt:c "t.6 1200 
lt DEC b6 1500 
16 DEC 66 18CC 
16 DEC 66 2100 
11 CEC 66 co 

0 

2C DEC " l2CC n 20 DFC 6li l'!CC i 

H ~i~- .H ~~g~ -~~ 
21 DEC -f:lt ?rr-

"71 DEC f:lo f>i:O 
21 DEC t:4 '" 21 DEC E-4 12CC 
21 DEC 6li 15CO 
21 CEC f:-'1 18CC· 
21 OFC f:li 21CO 
Z<i DEC b4 cc 
l2 CFC f:4' 300 
22 DEC tit '" ··22 DEC M '9(0 
22 CEt t:-'1 12co 
Z2 DEC M l~CC" 
?2 DEC f:lo 18CO :;: 22 ere M :ar.c 
z:! OFC tli cc n 
23 oec: 6li ?CC 

~ 21 OEC t:-'1" HC 
, ~ 23 DEC· tli 9CO .. 

2:! CfC t:lo I.CCC m 
23 CEC M l"5CO "' 2~ DEC f:4 l8CC :0 2:! CEc"-64 CICC ... 
24 DEC 61o cc ... 

-24fiEC-f:lo ~co 
2to DEC ·64 tcC 
24 CEC f4. '900 
24 DEC t-4 12CC 
24 CEC t:4· 15CC 

:24 DEC H l8CC 
24 OEC'·f:lt CJCC 
25 DEC M 00 
2~ DEC M )CO 
2'-' CEC tit f:CC 
2'i DEC bit 9CO 
2':: DEC 64 12CO 
2'i OfC 64 1500 
25 DEC 6li 1800 
2<; DEC M 21CO 
26 DEC 64 cc 
26 DEC 1-4 lCO 
2f DEC 6li 6CC 
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PRECIPITATION· 

IN INCHES 
0 .. 0 0 

24 JAN f:4 CO 
H JAN tli 3CC 
2.ti JAN 61o 6CC 
2.ti JAN M '9CO 
2<\ JAN 61o 12CO 
24 JAN 64 15CC 
2~ JAN 64 lECO 
24 JAN 6li 21CO 
25 JAN 6t, (10 
2'! JAN.64 3CC 
25 JIIN 6t, 6CO 
25 JAN f:.4 'iCC 
25 JIIN ~.r, 12CC 
2'! JAN:6.ti l~CC 
25 JAN' 64 1800 
2'-' JAN E:.r, 21CO 
2£ JAN 6.C, CO 
26 JAh tit 3CC 
Zt. JAN b4 6CC 
26 JAN 6li 9CC 
26 JIIN 64 12CC 
26 JAN 64 15CO 
26 JAN f:.li 18CC 
2t JAN 64 aco 
27 JAN f:lo , CO 
Z1 JAN 6li. 3CO 
27 JAN_H 6CC' 
27 JAN Eli -;co 
21 JAN 64 12CO 
27 JAN 64 15CC 
27 JAN 64.18CC 
27 JAN f:-'1 21CC 
2e JAN 64 co 
28 JA~ 6.t; JCC 
ze JU 64 6CC 
ze JAN £4 .9CC 
2e JI\.N 6.r, 12CO 
2e JAN tit 15CC 
ze JA~ 64 taco 
28 JAN 6-'t 21CO 
2'> JAN E:4 CO 
2'9 JAN t4 3CC 
29 JAN M 6(0 

1') .JAN 67 CO 
I') JAN 67 3CC 
1'9 JAN 61 6CC 
I'> JAN b7 ')QC 
1'> JAN 67 12CC 
19 JAN 67 1'-'CC 

·19 JAN bl 1800 
n JAN 67 ace 
2C JAN. bl CO 
20 JAfli 67 3("0 
2C JAN 67 6CO 
2C JAN 67 <JCC' 
2C JAN 67 12CO 
20 JAN 67 15CC 
zc JAN 67 1eco 
2C JAN' tl 21CO 
21 JAN. 67 00 
21 JA'"l 67 3CC 
21 JAN 67 6CC 
21 JAN t.1 'iCC 
21 JAN 6{" 12('0 
21 JAN: t7 15Cc· 
21 JAN 67"'1f1CO 
21 JAN. f:l 210C 
li:Z JAN f:l CC 
2.<: JAr{ tl JCO 
22 JAN 67 6CO 
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22 JAN. 67 .. 12CC 
22 JA,. "67 tr;co 
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23 JAN 67 00 
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~ 2:! JAN f:l '9CC 
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7.4 .uti t:.7 cc 
21t JAN 67. 3CO' 
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2'1 JAN "67 9CO 
21t JAN 67 lZCO 
24 JAN 67 15CO 
24 JAN :t.l taco 
24 JAN 61 21CC 
2~ JAN 67 co' 
25 JAt\ t.7 ~co 

2~ JAN 67 f:CC 
25JA'"l67 <100 
2'5 JloN 67 1200 
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