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NATIONAL SYMPOSIUM ON WATERSIIEDS IN TRANSITION 

CHOOSING HYDROLOGIC MODELS FOR MANAGEMENT OF CHANGING WATERSHEDS 

Aartin A!. Fogel,Lucien Duckstein and ChesterC. Kisiel1 

ABSTRACT. Changes inthe hydrologic behavior of watersheds can be volt:ntary, indirect, inadvertent or inany combination. Many 
of these changes wvillrequire environmental impact statements to reflect both beneficial and adverse effects. Man-made changes 
are planned to meet a particular go:il. To clhoose the most appropriate hydrologic .nodel for predtcnrig these modifications, the 
standardized cost-effectiveness analysis isrecommended. In this methodology., tie following steps are included: definition of 
goals, iktntihcation of specificjtioms for realization of goals, development of alternative models to achieve oals, establish meas
ures of , tec alternat ive tlodclI, determine ca nabihli% ad analyze merits of models and perform senlvetivess for evailitmoi of 
silivity of efiectiveitieNs. I[or predicting chanes on ungaged watersheds, many hydroanalysis on goals, specilicaitwn, and measures 
logic models encounter calibration, validation or extrapolation problems. It is possible. however, to obtain an approximation of 
these changes with the uw of simple nodels of the ratinfall-riinoff process. 'Iwo such models are compared in determining the effect 
of urban~zation on the return period of aflood of given magnitude. 
(KEY WORDS: lydrologic models, forecasting, watershed management, cost-,ffectiveness, land use effects, urbanization, semi-arid 
watersheds.) 

INTRODUCTION 

Hydrologic folk:lore suggests that each watershed 
is a law unto it:,elf in its native or pristine state. Cunse-
quently, the challenges of comparative hydrology are 
compounded when man intervenes by changing the state 
and response of a watershed. The magnitude of the situa-
tion is placea in proper prospective when it is noted that 

t!, 700 milion acres i;, smail watcr.heds, with 
an averaec site oti 125 square miles, that are included in 
potentially feasible watershed projects (Nolte, 1972). 
These protcets are needed to alleviate problems that in-
volve floodwater, sediiiient and eros;ion damage, drain-
age, irrigation, municipal and industrial water supply, rec-
reation, fish and wildlife habitat arid water quality. In ad-
dition, many smaller areas or subwatersheds have water 
management problems for which improvements are also 
considered feasible. As a sign of the times, environmental 
impact statements will probably be required to encom-
pass both beneficial and adverse effects of most, if riot 
aI, improvements or changes, 

Such changes may be voluntaiy, indirect, inadvertent, 
or all in consonance. Voluntary changes include the burn-
ing and clearing of brush, timber harvesting, vegetative 
conversion, forest canopy alterations to increase snow ac-
cumulation, land treatment to induce runoff, and control 
of riparian vegetation. Ationg natural or indirect changes 
are those induced by disasters such as lighting-produced 
forest fires, earthquakes, landslides, plant and animal 
diseases,climatic shifts, heavy rainfalls, and the gradual 
evolution of weathering, erosion and sedimentation. Man-
made changes are those induced by coristiuction of dams 
highways and levees, urbanization, cloud seeding, agri-
cultural practices and the pumping of grotrnd water. In 
sorte instamces, man-made changes are ina lvertent as in 
the case of precipitation in and aroun,) hi-at islands or 
urban areas (Charignon ani Schickedaaui , 1971). The de-
composition of the combined comple.:ity of all these 
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disturbances and their effects into simpler cause-effect 
relations is a substantial challenge to mathematical and 
field investigators in many disciplines. 

In this paper the problem of choosing appropriate 
hydroiogic models for management of ,hanging water
sheds is considered. The attack on the problem is cast 
into the standardized cost-effectiveness methodology 
(Kazanowski, 1968). 

De.1nution of tireProblem. Inat amodel choice prob
ien exists is apparent from the hydrologic literature 
(Kisiel and Duckstein, 1972; Linsley, 197 1). These re
views of the problem focus primarily on stationary hydro
logic systtLmS with stationary input.; stalionarity signifies 
that niod._-l paratntciLS are space-invariant and time
invariant. Spatia! variabilty or inhornogeneity of these 
parameters is very real but only of late have attempts 
arisen to tndel Ithis feature of hydrologic (ecologic) 
processes while maintaining time stationarity of input 
and process parameters. Whe,.n the stationarity assumption 
is removed onl both the input and process parameters, 
there is need to specify or derive, from logic or experi
ment. mdeis for their temporal change. Inthis sense and, 
at least it theory. the model choice problem is aggravated 
in the case of changing watersheds. 

A survey of the literature reveals that there are very 
few quantitative models available for predicting the effects 
of watershed changes (llewlett, et al, 1969; ASCE Task 
Committee, 1972) and these few models cannot claim 
universal applicability to tie many goals of watershed 
manipcinent tItibbert. 19711. Process-oriented models, 
such as the various versions of the Stanford watershed 
model (Linsley. 197 1)and the ecologic models of the 
International Biolegical Program, suffer frot a lack of 
field validation of tieir forecasted responses to simulated 
watershcd changes. They may give trends or overall direc
tions of change and may suggest further field studies to 
arrive at better undersanding ( f basic proccsse-. But even 
here danger, lurk in t lie use of simultion results either to 
justify expensive field s;tudies to detect watershed changes 
or to make important decisions to manipulate %,atershes. 
To paraphrase Shuf:ik (1972) inhis critique of Forrester's 

motel of world dynamics, insensitivity of a model to 

7.
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the goodness of the predictions.parameter changes is not always a merit. "If the model is 
C'angw n and Schickedanz ( 1971) give an excellent 

too insensitive to parametric sensitivity analysis, then it 
overview of the problem of detecting nonstationarities 

may be concentrating on the wrong variables. If it is highly 
in input functions. While their focus is on the statistical 

sensitive, then data sufficiently accurate for the purposes 
evaluation of precipitation anomalies, thcir reasoning is 

at hand are possibly impossible to obtain." Given the 
germane to the study of other input functions of interest 

paucity of formal process models to forecast changes and 
to resource managers and earth scientists. If the detection 

given the social pressures to make those chIanges, one won-
of watershed changes is to be efficient (in some sense),

ders to what extent are model "assumptions validated by 
then careful evaluation of changes in input is necessary;

their plausibility and greatly reinforced by the insensibil-

ity of the results to the details of tile assumptions?" otherwise, nonstationary behavior in the input might be 

falsely assigned to the watershed.(Gabor, 1972). We believe that the cost-elfectivcness ap-

proach provides a constructive framework for explicit Watershed Nonstationarities Coupled with Stationary 
Inputs. The great majority of "change" studies in watercost of data re-consideration of criteria implied above: 
shed management has assumed stationary inputs and has 

quirements, degree of validation, credibility, sensitivity 
considered a limited range of input classes. It is axiomatic 

and reliability in detecting changes. 
in the study of electro-mechanical systems that system re-

Goals in Manageencnt of CTanging Watersheds. Goals 

are generally given as a word statement. Watersheds are sponse to deterministic or stochastic inputs will generally 

vary because of the nonlinearity of most systems. Only
manipulated to achieve a variety of goals such as to in-

if the system is closely linear does the system response to 
crease water yield, reduce flood oeaks and alter their 

unit pulse, unit impuLe, unit step, sinusoidal or random 
timing, increase recharge to aquiler, reduce sediment 

inputs remain mathematically tile same. Within this con
yield, reduce evaporation, reduce effects of tires on hydro-

see a clearcut advantage to computer studies of 
logic and ecologic properties of watersheds, dispose of re-	 text, we 

system response to various inputs because of the substan
claimed wastewaters, optimize timber and livestock pro-

tial waiting time to observe nature's response to a great
duction, increase recreational opportunities, preserve wild-

variety of inputs.life, and to preserve nitural beauty, 
Man has commonl, resorted to models in one form or "Change" studies, either in the field or with computer 

models, have employed regression reiations (Anderson,another (e.g., prescriptive or normative) in order to at-
been 1960; Bethlahmy, 1972; Hibbert. 1971) and conservation 

tempt to achieve goals. Quite often these goals have 
of mass relations (Hawkins, 1969; Satterlund, 1969).

evaluated through primitive mental models to make intui-
Huw kin' etiployed ag-ono a'itorcgicss;e sZochasti.

ive forecasts about the effects of each niaiiipuiation im-

modeis of streamfiow as a basis tor changing inputs to


plied in the goals. Increasingly it is recognized tuat a com-
a reservoir system; the objective was to evaluate changes

bination of field experimentation, rational modeling based 
in reservoir yield as a consequence of changes in volume 

on physical principles, and computer simulation are nec-
and timing of the input hydrology. Satterlud used the 

essary to evaluate the potential achievement of goals. 
Thornthwaite water balance model to evaluate the poten

tial effect of simultaneous appication of cloud seeding
AVAILABLE MODELS FOR 

and vegetation modification ot target watersheds. In both
EVALUATING WATERSHED CHANGES 

cases, the results are prescriptive and depend highly on 

Models may be based on field data, or on principles the plausibility of the underlying models. 
Many field studies employ the field data to set up a

from the disciplines of hydrodynamics, hydraulics, chem-
"rule of thumb" as a model of water yield. For example,

istry and biology, or on both. Relevant are change models 

of the input function and of tilewatershed itself. To es- as a consequence of reseeding a burnt chaparral area 

tablish such models, statistical inference techniques are with productive grass, the water yield increased from 7 to 

over 23 percent of average annual precipization for an
valuable in identifying the nature of the nonstationarity 

1971 ); one might be tempted
(or change) by helping us to answer questions about sig-	 Arizona watershed (Hibbert, 

to extrapolate these results directly to smaller or larger
nificant differences between two mean values, variances, 
regression slopes, and other parameters in either the input 	 treated areas. In another instance, Bethlahmy (1972)
 

uses a power law relation between mean annual flood
 
or watershed, 


At this time, it is useful to reviev some of the problems and watershed area to reason about tloods on other
 
treated areas. In both cases, no other basis except areaand approaches relevant to modeling changes. 
is used to reason about changes in other watersheds.Input Nonstationarities. It is important to differentiate 
These two examples suggest a need to carefully evaluatebetween changes in input disturbances and changes in the 

the basis of transferring results to ungaged catchments.
watershed. Changes in inputs include those effected in 

Other studies have focused on effects of vegetationrainfall and radiation by cloud .- eding, air pollution, and 
treatments on various descriptors of the discharge hydroclimatic change; these are m addition to the normal sea-


sonal variation in hydrologic and metc.-,rologic inputs, graph (Brown, 1965; lewlett and Helvey, 1970). Brown
 

have used a digital watershed studied the recession slopes of the hydrograpns on the as-Lumb and Linsley (1971) 
sumption that a linear system model is a good descriptormodel to study the effects of rainfall augmentation; no 

changes in watershed behavior are presumed. They justify of de-ay; he found that all woodland recessions are Steep

this approach by emphasizin.- that such effects on real er than pine forest recessions and summer recessions are 
much steeper than winter-spring recessions, llewlettwatersheds cannot be measured easily by field experi-

ments. However, as suggested earlier in this paper, the (1972) notes that it is comitmon knowledge that low fIows 
ac- and summer flows are increa.sed by clear-felling of forests.computer approach must continually be cecked by 

tual field data. 7Te validity of a model is evaluated by lewlett and Helvey ( 1970) concluded that quick flow is 
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the only flood hydrograph parameter that increases signif-
icantly following clear-felling of a forest in the southern 
Appalachians. The discussions between Belilahmy, (1972) 
and Hiewlett (1972) serve to sharpen some of the issues in 
detecting change from field data. In Jebite was the signif-
icance level: 95-' or 99? Bathllahniy clamis that 95% is 
..much too rigorous". lie discussion is reiiiiniscenti of the 
role of Type I and II errors in drawing infeiences about 
hydrologic data (1)uckstein and K isiel, 1971). In our 
judgement more rigid signillicnce level!, lik. 80- 901,I, 
are necessary when the science is youpg and substantial 
uncertainty exists in proces,; understanding (as is the case 
in detectiog chances). The power and discrimination of 
the statistical test are often overlooked considerations 
when trying to detect changes; for the case of the linear 
regression models that relate descriptors on untreated 
areas to treaied areas. Farley and Itinch (1970) give a 
statistical test for detecting a change in the regression co-
efficient. It does appear that mre work is necessary on 
powerful statistical tests for detecting changes in thie en-
vironment where only small sar-ples exist, 

Many "change" models are based on postulated simple 
or multiple linear regression models; process dynamics are 
not explicitly considered. The works of llibbert (1971), 
Anderson ( 1960), and Bettlahmny (1972) are illustrations 
of this approach for estimating increased water yield, snow 
accumulation, snowinelt, rain-snownlI, floods, and scdi-
mentation. Included as independent variables are percent-
age of land as roads, grassland, area below snownielt line, 
area of young volcanics. treated area (clear-cu tting of 
timber), cultivation, and so on. It a land use manager were 
required to make a decision today based on a prediction 
of the hydrologic effects induced by altering an ungaged 
watershed, the chances are that lie would use some empir-
ically-based relationship or model supplemented with as 
much information f"n field experiments o'i other water-
sheds as were available. Linear and non-linea system mod-
els, simulation models, and s;tatistical models would be of 
limited use since a calibration period would be required to 
determine the parameter values for the particular water-
shed in question. Then, some procedure would have to be 
devised for testing the parameters that would be affected 
by the change. 

The well-known rational method and the Soil Conser-
vation Service (SCS) procedure are examples of the type 
of methodology field pe-sonnel would probably rely on 
to make decisions on ungaged watersheds despite tle 
rather low ranking given these prcedures by some re-
searchers (liemistra and Reich. 1967; Fleming and Franz, 
1971). While such procedures have their limitations, they 
do offer a solution for estimating the hydrologic effects of 
urbanization, vegetative conversion and land-use treatment 
on ungaged watersheds. 

COST-EFFECTIVENESS METHODOLOGY 

There is nothing mystical or substantially new to the 
concepts and techniques of cost-effectiveness. It extends 
benefit-cost analysis to include tie explicit consideration 
of alternatives to reach the goals, of uncertainty and of 
qualitative factors and to exclude "a priori" weighting, 
Also, a logical step by step framework is set up to allow 
acommon dialogue between the analysts and the decision 
makers. Land use managers *kre not only forced to make 

decisions under uncertainty but also they must do so in 
the lace of social, political and legal pressures or con
straints. 'Ihese constraints are in many cases not quanti
fiable. While there is a tendency to include only measur
able factors in benefit-cost analysis, in contrast, the cost
elfectiveness approach considers qualitative elements ex
plic:tly. 

Essentially, cost-effectiveness presents the decision 
maker with a means for selecting the "best" system among 
potentally distinct alternative systems. With a steady 
stream of new and improved concepts and techniques be
ing displayed, tie decision maker stiould be in a position 
to make aratio:,,l choice between established systems 
and newer, more eff~cient and more complex systems. 
With the proliferation of hydrologic models, coupled 
with the need for cnvironmnental impact statements it a.p
pears desirable to employ a methodology for choosing 
among appropriate hydrologic models as has been done 
'ith selecting systems. 

The model choice problem may be defined as the 
tradeoff between fhe combined effectiveness and cost 
of one model as compared to the same tradeoff for some 
other model. The model's us,fu!tess or effectiveness is 
generally a set of properti's (including its forecasts or 
predictions) that are significant to its users but may not 
be m1easurablc. Included in this category may be the con
venience, availability, credibility or flexibility of models. 
There are measures of effectiveness that express the rele
vant faLtor on its own terms and not necessarily in mone
tary units. Tue cost in selecting a model is the dollar cost 
of personnel, facilities. equipment and materials that are 
used to setup, collect and process data, calibrate, validate 
and use the model. 

To illustrate the standardized approach of cost-effec
tiveness as outlined by Kazanowski (1968) and described 
by Kisiel and Duckstein (1972), the model choice prob
lem will be discussed using urbanization of awatershed 
in the se-m:i-arid Southwest as an example. 

Define Common Gocls. In this the first step, the pri
mary objective is to select a transferable (regiona!) model 
that is capable of predicting changes (turning points) in 
the hydrologic beh: ivior of a watershed due to urbaniza
tion. File hydrologic parametcrs that may be used to de
termine the extent of the alteration are volume of "low, 
peak flow, time to peak, duration of flow and sediment 
production. 

Identify Specifications. Here the requirements es
sential for attaining the desired goals are spelled out. The 
model miy be required to develop a probability density 
function or a cumulative distribution function of the spec
ified hydrologic parameters for the "before" and "after" 
conditions. 

Specifications may require that the model should have 
ahigh signel to noise ratio. For example, in a linear model 
for estimating storm runoff from small semi-arid water
shed, asatisfactory relationship for thunderstorms has 
beezi determined to be (Fogel and Duckstein, 1970) 

Q = C(R - A) (1) 

in which Q is runoff volume per unit area, R is depth of 
rainfall, A are the initial abstractions and a function of the 
watershed characteristics, and C is a coefficient known to 
be dependent on watershed characteristics arid, to a lesser 
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extent, on the maximum 15-minute intensity of the storm. 
watershed characteristics, the

With C dependent only onl 
effect of urbanization should result in gr,.ater variations 
in C than would the maximum 15-nitnute intensity. 

and kindOther specifica ions may iinclude the aMoun 

to be used in the mode,, whereas the at-of data that are 
lowable budget and the ecision-making time schedule 

be placed on the are additional requirements that may 

model selection. 
Dcvelop Alternative Models. In a cost effectiveness 

study, the various models that are available for predicting 

the hyJrologic effects of urbanizing a watershed would be 

listed in this the third step, As mentioned earlier, however, 
there are very few quantitative models currently :vailable 

for such a purpose. Lxample:, of models that may be 
adapted for this use are the linear systems model being 
developed at Purdue University tDelicur and Rao, 197 1 

and the ITr catchmeuit model I Harley et al, 1970). 
The incorporation of rainfall probability nodels into 

rainfall-runoff relationships such as presented in equation 

(!)or in the SCS procedure can lead into the development 

of the simplest possiblc inodek. For example, it was found 
1)has

experimentally that the coetficient C in equation 


a value of about 0.3 for sma:1 desert shrub watersheds 

(Fogel and l)uckstein, 1970). I'he initial abstractions A 


were determined to lie 0.4 inches. With urbanization. C 
is expected to increase and A to decrease. ldeally, then, 
experimental data could be gathered and analyzed to ob-
tain the variation of C and A with urbanization. Before 

such work is undertaken, le!us examine a p-ossible use of 
! ,'sconsiderlo.
equation (I) fo- d -sin purpo,"., nimnl:,-, 

of a runotfI event of magni-
how the return period T, ky) 

tude y varies as a function of C ana A. 

If the number of point raMifall occurrences follows a 

nean in, the maximal distribu-Poisson distribution with 

tion function of point rainfall is 


4),R(k) ext,-m[I - FR(k)] ) (2) 

where F (k) is the cumulative distribution function of 
1972). Assuming an exponentialrainfall (%uckstein et al. 


probability density function for point rainfall with a 


mean I/u, then 


FR(X) = 1- e-ux (3) 

and equation (2) becomes 
-XR(x)= exp(-me ux) (4) 

which is a Gumbel-type extreme value distribution with 
parameters m and u. 

Next if a transfcrmation of random variables repre-

sentu6 iUy (1) is introduced into (4), with the correspond-
ance Q - y, R - x, we have 

X= y + A (5) 
-C 

and 
y Afit 

,Qy) exp(_m-u (4-+ A)) (6) 

By definition of the recurrence period of a flood of mag-

nitude y (or greater), we have from (6) 

A 
T(y) = [I - exp(-me-U( 

+ AN))- 1 (7) 

Equation (7) is icprented in Figure I for two sets of con

ditions encountered in southern Arizona, one a desert 
= 0.4), and the other, an

shrub watershed (C = 0.3 and A 
= 0.3). The latter set ofurban watershed (C = 0.6 and A 

figures were obtained from Kac 11972). Two values of the 

or rather its equivalent parameter p
rainfall parameter u, 

= 
 - I), are shown whenin the geometric distribution (it I/p 

has avalue of 6 events per year (Fogel and Duckstein,m 
1969). 

p 0 45 
p 00.40 

0 
"r
 

.
 

C Z0.6
 
A =. 

u_2

z 
"
 

"
 
--

CC=0.30 
- - A 004 

i - " 
o -J 

2 5 0 20 30 50 100 200 

RETURN PERIOD, YEARS 

Fig. 1.Frequency distribution of storm runoff froln srmall 
scni-arid watersheds using a linear rainfall-runoff model. 

A similar transformation can be made using die SCS 

method of relating runoff to rainfall (Dckstcin et al. 

1972). Figure 2 illustrates these results fr a desert grass

land area and what might halppen to the distribution func

tion of storm runoff with the introduction of improved 

grass species. No experimental data are involv-ed here: in

stead estimates of the runoff potential have been made by 

the following the prescribed procedure (U.S. Soil Conser
to obtain values for S,a watershedvation Service, 1964) 


parameter. An indicatiop. of the sensitivity of the method
 
to the rainfall parameter i, the seasonal number of thun
derstorm events is shown.
 

Implicit in the SCS model is that storm rainfall and
 
resulting runoff have identical distribution functions.
 
Inasmuch as the rainfall-runoff relationship is non-linear,
 

this assumption is generally not valid. 
A comparison between the SCS method and the linear 

model in determining the effects ol urbrii-,.ation on storm 
runoff volume is shown in Figure 3. lxperimental data 
were used to determine tie rainfall-runoff relationship 

(Fogel and Duckstein. 1970; Kao, 19)72). Both models 

the limited range of available dat: equally well as de

tr.nc-.,hy rer.c:;:;in a.a..... Lxtrapolatin to the Clor 

extreme events results in tlie SCS method predicting more 

runoff than the linear model. 
stablish Criteria fbr h'rulhation of Model. With the 
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Fig. 2. Frequency distribution of storm runoff using the Soil 

Conservation Scrvice method 


SCS METHOD 

. LINEAR MODEL 

.
 
Xr 

O 	 URBAN SEMIARID -
Z 	 WATERSHED 

--	 / 

u_ 	2- -"
 
0 2 

Z 


NATURAL
I I 
--	 SEMIARIDt.-

WATERSHED 


2 5 IO 20 30 50 6O 200 

RETURN PERIOD, YEARS 

Fig. 3. Determining the effect of urbanization on the 
distribution of storm runoff by two methods. 

assumption that there is a choice of alternate models that 

meet certain specifications in attaining the desired goals 

(forecasting change), it is now necessary to decide on 
measures of effectiveness or comparing models. Two 
classes of criteria are identified, namely, cost and effective-
ness. Wherever possible they siouLId be presented in quan-
titative terms. 

Cost criteria may involve development of model (set-
up costs), retrieving and processing of data, personnel re-
quirements, computer requirements and maintenance or 
updating of model. Effectiveness criteria are often quali-
tative but nonetheless may be equally as critical as cost. 

hiere we are looking at, for example, thle ability Of the 
model to distinguish induced variability from natural 
vcriability above minimum acceptd values. Statistical 

such as coehcient of de :ermination, standardmeasures 
error of estimate. Kol mogorov-Smirnov and chi-square 

tsts may be used as such criteria. 'hc transferability of 

tilemodel, the economic loss function a::sociated with 
esmates and the waiting time for data, calibra

tion and validatmon nma' all be critical items. The con
venicnce, availability, credibility, and swnsitivity of a 

model are all important qualities for which it may not be 

possible to assign . monetary value. 
Determine Capahilitiesof Altcrnate Afodels. The merits 

of vach of tilemodels in predicting change should be 

spelled out in terms of the established criteria, both costs 

and effectiveness. One such procedure would be to do this 

for the hydrologic parameters fvolume of flow, peak flow, 
time to peak, etc.) of interest. Then, the measures of ef

fectiveness including costs could be ranked for each of 
tilecriteria. An overall ranking of the 	measures of effective

ness excluding co:ts and other quantifiable terms may then 
a low cost and abe possible. Thus, one model may have 

high effectiveness for the prediction of flow volume but a 

low effectiveness for peak flow. When 	all the models and 

the measures of effectiveness ate arrayed in tabular form, 
the relative merits of the alternate models should be readily 
discernible. 

Perform Sensirivity Analysis. To investigate the reliabil

ity of tilemodels, a sensitivity analysis should investigate 

how the model predictions are affected by possible changes 

in its parameters. In addition. sensitivity analyses should 
be pertormed on goals. on specitication and on ranking of 

the measures of effectiveness. 
Document Ass.mptons. Finally, the analysis should in

clude a statement of all hypotheses, the rationale for se
lecting goals and measures of effectiveness and similar 

pertinent information. 

CONCLUSIONS 

1. 	Only few quantitative models are available to predict 

the hydrologic effects of watershed changes prior to 

implementing the changes. While these models general

ly encounter calibration and validation problems, 

simple models may be used to predict the effects of 

watershed manipulations on hydrologic parameters. 

Care must be taken to distinguish between input and 

watershed non-stationarities. 
2. 	 Since many watershed projects deal with relatively 

small areas, transfer of results from one watershed are 
necessary but also questionable especially in view of 
many unresolved problems due to small sample size. 

3. "rT 	 standardized cost-effectiveness approach of 
to choose betweenKazanowski provides a framework 

models to predict the effects of wat-rshed changes; 
the methodology is readily able to include explicitly 
goals, alternative models. unc:oiainty 	and qualitative 
factors. It requires no explicit weighting of the meas
tires of effectiveness. 

4. 	The capabilities to predict the effects of urbanization 
using a linear ralnfall-runoff model and the SCS method 
are compared in terms of return period of a flood of 
given magnitude. Preliminary da:a indicates that both 
methods yield reasonable results and allow at least a 
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rough estimate to be made of the effects of a changing 
watershed. 
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