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S=U=M M A=R=Y 

The experiences of conceptual runoff modelling at the Swedish Meteorologi

cal and Hydrological Institute are surnmarized in the present work. The 

basic philosophy and the methodology when developing the HBV-model are 

discussed. The structure of the model is described with a discussion of 

its physical relevance and examples of alternatives. The sensitivity of 

the model to changes in parameter values is studied through reappings of 

the response surfaces of a sum of squares criterion of fit. Applications 

toa variety of catchments in Sweden and Norway are presented and the 

performance of the model is verified by a numerical criterion of fit, 

plottings of computed hydrographs and recorded ones, scatter diagrams of 

peak flows and flow duration curves. Examples of both short range and long 

range hydrological forecasting are given. 

A general conclus ion is that the HBV-model can be used for the reconstruc

tion of the discharge in catchments of the presented type, if it is proper

ly calibrated. The model can also be used for hydrological forecasting, 

if combined with meteorological forecasts or recorded climatic series. 

S=A=M=M A=N=F=A=T=T=N=I=N=G 

Erfarenheterna av begreppsmässiga avrinningsmodeller vid Sveriges Meteoro

logiska och Hydrologiska Institut summeras i föreliggande arbete. Den 

grundläggande filosofin och metodiken vid utvecklingen av HBV-modellen 

diskuteras. Modellstrukturen beskrives med en presentation av den fysika

liska bakgrunden och exempel på alternativ. Modellens känslighet för 

störningar av parametervärden studeras genom kartläggning av ett minsta 

kvadratkriteriums responsytor. Tillämpningar av modellen på ett antal av

rinningsområden i Sverige och Norge redovisas och simuleringen utvärderas 

med ett numeriskt anpassningskriterium, uppritningar av den beräknade och 

observerade hydrografen, jämförelser mellan simulerade och beräknade flö

destoppar samt varaktighetsdiagram. Exempel ges på hydrologiska lång- och 

korttidsprognoser. 

En allmän slutsats är att HBV-modellen är användbar för rekonstruktion av 



vattenföringsserier i den typ av områden, där den tillämpats, under förut

sättning att den kalibreras på ett riktigt sätt. Modellen kan också använ

das för hydrologiska prognoser med hjälp av meteorologiska prognoser eller 

observerade klimatserier. 
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1. INTRODUCTION 

The processes in nature governing the hydrological cycle have long att

racted the attention of those working on the rational use of existing 

water resources. Particularly the processes converting the driving for

ces, precipitation and evaporation into runoff have been subject to great 

efforts by scientists and engineers. 

In recent years the advent of electronic computers has made it possible 

to organize and analyze data and to carry out computations in a way 

previously inconceivable. This possibility has resulted in the develop

ment of mathematical hydrological models which in a conceptual way are 

capable of simulating the most significant components of the runoff gene

rating processes. Arnong the pioneers in this field were Linsley and Craw

ford (1966) when presenting the Stanford watershed model, a model which 

today has found a lot of applications all over the world . Also well known 

is the SSARR model (Schermerhorn and Kuehl, 1968) developed for river 

regulations in the Columbia basin in the north-western of U.S.A. The 

SSARR model is also in operational use for forecasting purposes in 

Sweden (Danielsson and Wretborn, 1975) and in Poland (Bobinski, Piwecki 

and Zelazinski, 1915) , 

In the Scandinavian countries the first nodels were presented by Nyberg 

(1912), Nielsen and Hansen (1913) and Grip (1913) . The first model from 

the Swedish Meteorological and Hydrological Institute (SMHI) was presen

ted by Bergström (1912 A). 

The increasing interest in hydrological models caused the World Meteoro

logical Organization to initiate the project on "Intercomparison of Con

ceptual Models Used in Operational Hydrological Forecasting 11 in 1968 

with ten participating models from different parts of the world. The 

final report from this project appeared in 1915 (WMO, 1915 B) . 

Mathematical runoff models can be applied toa vast field of water 

resource problems. Same of the mast common applications are summarized 

in the following three points. 
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1. Simulation of natural discharge. 

2. Operational forecasting. 

3. Prediction of effects of future physical changes in a catchJnent. 

Simulation of natural discharge means that the model is used to simulate 

runoff from meteorological input data available in the catchment or in its 

neighbourhood. The performance of the model is generally verified against 

a recorded runoff series. The model can be used to extend runoff records 

bymeans of long records of meteorological observations. It can also be 

used to tel1 artificial from natural variations in a catchment where human 

influence or other changes in the hydrological regime :=i.re suspec ted. A 

tempting, but rather difficult, application is the estimation of runoff 

in ungauged catchments. To do this with any certainty requires long expe

rience with the model so that its components can be related to the physio

graphic characteristics of the catchment. 

In operational forecasting, the model is .first fitted and tested in order 

to verify its capability of runoff simulation from meteorological data. 

Then meteorological forecasts or recorded climatic series can be used to 

forecast discharge in rivers. 

The most difficult point is to predict the effects of future physical changes 

in a catchment, as it requires not only an accurate runoff model but also 

that its components with certainty can be related to the characteristics of 

the catchments, such as degree of urbanization or percentage of clear cut

tings in a forest. If so, the model can be used to study the possible effect 

on the hydrological regime of a proposed activity in the catchment. 

1.1. The work at the Swedish Meteorological and Eydrological Institute 

(SMHI) 

Since 1972 work on the development of an operational hydroloaical runoff 

model has been in progress at the SMHL The efforts have been concentrated 

on the simulation of natural discharge and operational forecasting. The ob

jective is to develop a modelwhich is applicable to most Swedish catchJnents. 

;rhis means that it must not require better data coverage than can general 

ly be satisfied also in rathe r remote areas. Furthermore the intention is to 

make the model so flexible that it can be transferred from catchment to 

catchment without too much modification of its basic structure. 



Initially a simple model for the snow-free season was developed, which 

showed encouraging results when applied toa few small basins. Since 
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then the model has been tested in several catchments ranging in size from 4 
to nearly 4 000 km2 . The model has been modified slightly as catchment 

size and other characteristics have changed, but the basic structure is 

still the same . It has been named the HBV-model, from the water balance 

section (HBV), where 

fy different versions. 

it was developed, followed by a number to identi~ 

The present work intends to give some insight into the philosophy 

and methodology in the development of the HBV-model, to discuss the 

structure and to show some practical applications. As development and 

application are closely related, examples from different catchments will 

be used as illustrations in case they have had significant impact on the 

methodology or structure of the model. A more systematic presentation of 

the result is given in a separate chapter, No. 8, and some graphs of 

computed and observed discharge are presented in appendix 1. 
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2. DEFINITIONS 

In the following text some expressions that might not be self-explanatory 

will be used. Therefore it was felt appropriate to give some clarifica

tions . For more complete definitions of the terms in hydrological model 

ling, reference is made to, for example, Clarke (1972). 

A system hasa very broad meaning. It can be defined in a simple way as 

by von Bertalanffy (1968, page 55): "A system can be defined as aset 

of elements standing in interrelations". Dooge (1973, page 4) gave a 

more specified definition: "A system is any structure 1 device, scheeme, 

or procedure, real or abstract, that interrelates in a given time refe

rence, an input, cause, or stimulus, of matter, energy, or information, 

and an output, effect, or response, of information, energy, or matter". 

A linear system is defined as one where the principle of superposition holds, 

which means that if y1 (t), y2 (t) are the outputs corresponding to 

the inputs x1 (t), x 2 (t), the outputs corresponding to x1 (t) + x2 (t) 

will be y1 (t) + y2(t). 

A model can be defined according to Clarke (1972) as "a simplified repre

sentation of a complex system". This simple definition applies to the use 

of the term model in this text. 

A mathenatical model is defined as aset of mathematical expressions 

and logical statements combined in order to simulate the behaviour of a 

given system. 

A deterministic model isa model where two equal sets of inputs will al

ways yield the same output, if run through the model under identical con

ditions. The model has no component controlled by chance. 

A stochastic model has some component of random character. Identical in

puts may result in unequal outputs, if run through the model under iden

tical conditions. 
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A black box model is developed without any considerations of the physical 

processes in the catchment . The model is merely based on analysis of 

i~~ ando~p~ . 

A conceptual model is based on same considerations of the physical pro

cesses in the catchment. In a hydrological model the use of a lower zone 

representing ground water and an upper zone representing quicker runoff, 

for example, will give the model a conceptual status . 

A-routine , function or procedure isa part of a model, for example the 

sim~lation of snowmelt or the soil moisture accounting procedure. 

A luinped model or routireis one where the catchment is regarded as one 

unit without any consideration of the geographical or statistical distri

bution of its properties . 

A distributed model or routine is accounting for the statistical or geo

graphical distribution of properties within the catchment. 

Ambiguous use of the terms parameter and variable sometimes causes confu

sion when discussing mathematical models. The definitions below have, 

however, become practice in hydrological modelling . They have been sugges

ted by Clarke (1972) among others. 

A parameter isa constant in the mathematical expressions or logical 

statements of the mathematical model . It remains constant intime . Alter

natively the terms coefficient, constant or factor will be used in this 

text . 

A variable isa quantity which varies intime . It can be a series ofin

put to or output from the model but also a description of the conditions 

in the different components of the model . 

In this text the parameterswill be classified further as free or confined 

depending on their use in the model . 

A free parameter is found empirically during the calibration of the model . 

Alternatively the term empirical coefficient will be used. 

A confined parameter is estimated from the map or other information about 

t:t1e_ cat.chment . It is kept constant during the calibration procedure. 
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3. STP.ATEGY 

The runoff modelling problem can be approached from two extreme standpoints. 

One is the analysis of time series of input and output and construction of 

the model without any notice of the known or unkno~~ physical properties of 

the catchment. This is sometimes called the "black box" approach. The other 

is represented by the school advocating for, if nota complete, then at least 

a thorough understanding of the physical processes before any model can be 

established. 

The most famous exa1nple of the black box approach in hydrology is probably 

the instantaneous unit hydrograph (IUH) as described by Dooge (1973) among 

others. The elegant mathematical solutions are attractive, but the determina

tion of the excess water that will form the runoff isa very weak point. This 

problem is sometimes overcome by an antecedent precipi tation index (API), meanir.g 

that the length of the dry period preceding precipitation isa factor reflec-

ted in the response. A model of the latter type is not, however, to be re-

garded as a black box model any longer as the effect of a soil moisture defi -

cit is accounted for implicitly. 

The black box approach has its main drawback in its incapability to account 

for the general knowledge which we have about the catchment and the different 

physical processes. It is therefore strongly felt that the application of 

pure black box methods isa waste of information. 

On the other hand the school advocating that a runoff model can be developed 

only with a thorough knowledge of the physical laws and mechanisms of the 

runoff generating process, will run into unsurnountable problems due to 

shortage of information. Detailed knowledge of the physical laws at one spot 

in the catchment will be more or less impossible to extrapolate to areal be 

haviour because of limi ted knowledge of the distribution of the physical 

characteristics over the catchrlent. 

Most runoff models are compromises between these two extreme standpoints, 

and so is the HBV-model. It is built up on a framework justified by physical 

considerations but parts of the model have more the character of a black box 
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approac h as it includes parameters w};ich have to be calibrated through the 

analysis of input and output . 

When develop i ng the HBV-mode~ it was immediately realized that a detailed 

description of all components of the hydrological cycle would lead toa 

model of a complexity that cannot be justified by the ob j ective to simu·

late runoff. Therefore it was decided to concentrate on the mast signifi

cant parts of the runoff generating processes . In order to find these 

significant parts , wor k has been carried out according toa scheme whi ch 

can be summari zed i n the following six points (Bergström 1974) : 

1 . As sume a very simple model based on field measurements and 

intui tion . 

2 . Te st t he model against recorded data . 

3 , Modify the model and test it again , make sure that the modifica

tions are improving the model . 

4. Study the stability and interactions of the parameters . 

5 , Test t he model in catchments of differ ent size , character and 

geographic location . 

6. Carry out field investigations of the processes whi cr are particu

larl y i mportant for the model structure . 

Emphasis is put on the r estr iction of the number of free par ameters . 

Therefore each parameter has to be used as efficiently as possible , 

meaning that a lar ge spectrum of possibilities has to be covered by 

alternative values of one parameter . 

The method hasa lat in common with the ideas presented by Nash and Sutcliffe 

(1970) . They suggested that one should start with a simple model and then 

elaborate i t f ur the~ always with a glance at the efficiency of the model 

and the stability of its parameters . Other authors supporting this 

approach are von Ber talanffy (1968, page 187) , who stated that "oversimp

lifications progressively corrected in subsequent development are the 

most potent or indeed the only means towards conceptual mastery of na-

ture", and Kalinin (1971 , page 244) , who wrote that "when a pr oblem goes 

beyond a cert a i n boundry of mathematical complexity , a simpler apparatus 

is used in i ts solution" . Fiering (1975) , finally , strongly emphazises 

the need for more understanding of the physical laws before more c omplex 



8 

models are developed. On the question of free parameters.Ibbit (1974) sta

ted that "The economics of model operation necessitate that fitting prob

lems be minimized and this implies that the number of parameters should 

be as low as possible". 
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4. TEST CATCHMENTS 

The model has so far been run by the SMHI during 96 years or seasons in 

11 catchments as presented in table 4.1 and fig. 4 . 1 . The catchments cover 

a large spectrum of physiographic settings and geographical locations . The 

soil is mostly morain or of a pervious type . It remains an interesting 

future task to model a catchment dominated by clay . 

Some of the catchments in table 4 . 1 are subbasins to Representative Basins 

established within the framework of the International Hydrological Decade . 

Lilla Tivsjön isa part of the Kassjöån basin, Nolsjön R part of Velen and 

Solmyren apart of the Lappträsket basin . The Filef j ell basin is one of 

three Norwegian Representative Basins . Apart from being used as test 

catchments the Representative Basins have been valuable sources of infor

mation when developing the model structure , as they have improved our 

general understanding of the hydrological processes. Characteristics of 

all Nordic Representative Basins are presented by Falkenmark (1972) . 

The application s of the model to the Kultsjön, Malgomaj and Ströms Vattu

dal catchments were made for the river regulation company of the river 

Ångermanälven (Ångermanälvens Vattenregleringsföretag). These catchments 

will be subjects to operational forecasts starting in the spring of 1976 . 

The application to the Steinslandsvatn catchment was made at the Norwegian 

Water Resource s and Electricity Board and was about to be finished when 

this was written. Worth mentioning is also a modification of the HBV-model 

made by Houm~ller (1976) and applied to the 46 .6 km2 large Giber å basin 

outside Aarhus in Denmark . 

The results from the different catchments will be incorporated in the 

following discussion on the methodology and the model structure . A more syste

matic presentation of the results is made in chapter 8 and in appendix 1. For 

more details concerning catchment characteristics and applications,the 

reader is referred to the references to table 4 . 1 . 
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Table 4.1 ~est catchments for the HBV-model 

Catchment A.rea Altitude Lakes Predominant cwamp A-:.-ea above 
(km2) range (:rr_) ( % ) vegetation ( % ) timberline 

cover below ( % ) 
timberline 

L. Tivsjön Coniferous 
1) 2) 3) 12.7 200 2.7 forest 8.0 0 

Nolsjön 
1) 2) 3) 18.2 55 1.5 Il 14.2 0 

Stabby 
2) 3) 4) 6.4 37 0 11 2.3 0 

Stormyra 
2) 3) 4.o 67 0 " 1. 6 0 

Solmyren 
3) 27.5 130 0.5 Il 33,l 0 

Gimdalsbyn 
5) 2178 300 13 n 4 0 

Kultsjön 
7) 1109 1040 6 Il 6 51 

Malgomaj 
7) 1862 1240 8 Il 18 7 

Malgomaj + 
Kultsjön 7) 2971 1240 7 I/ 14 23 

Ströms Vattu-
dal 6) 7) 3851 1015 10 Il 5 13 

Filefjell Deciduous 
8) 154 900 8.8 forest 3,7 86 

Steinslands-
vatn 216 1115 6 Il 2 88 

1) Bergström (1972 A) 

2) Bergström (1973) 

3) Bergström and Forsman (1973) 

4) Bergström (1972 B) 

5) Bergström (1975) 

6) Bergström and Jönsson (1975) 

7) Bergström and Jönsson (1976 A) 

8) Bergström and Jönsson (1976 B) 
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5. METHODOLOGY 

In this chapter some o: the IT'.ost important ratheratical tools aui methcds 

used when developing the HBV-model will be c..iscussed. Er'.'.ptac,is ,,:i2.l te put on 

the points which have given rise to the most vivid c.iscussior.s a~o~g ~odel

lers in the Scandinavian countries. An attempt will alsc be ms.r:l e te reflect 

reevaluations of some of the methods in the light of experier.ce f::::-oL the 

applications of the model. 

5.1. Verification criteria 

A verification criterion isa rule after which the performance of the 

model is judged. As this work is aimed towards the development of runoff 

models, this cri terion is based on the agreer1ent betweer:: a coI".puted anc. a 

recorded hydrograph. 

Several types of criteria can be found ir. the litterature, ranging from 

single values of goodness of fit to scatter diagrams and comparisor::s bet

ween computed and recorded flov duration curves (see for exe..r:;ple w'MO, 

1975 B). As a matter of fact we have almost endless possibilities of 

descrihing the agreement between two graphs. The problem is to find the 

criterion that is most in agreement with our intentions regarding the model. 

The choice of criterion is an extremely critical point as it effects the 

optimum parameter values and thus the performance of the calibrated model. 

In the following four sections some criterions used in the applications 

of the EEV-model will be discussed. They are all e;i·ving some r epre senta

tion of the agreement between the observed and the coI".puted hydrographs, 

but as they all have their drawbacks and limi tations, a rie;orcus ,,isue.l 

inspection of the hydrographs is still inc.ispensable when analysing the 

performance of the model. 
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5.1.1. Numerical criteria 

A numerical criterion gives the agreement between the computed and the 

recorded hydrographs expressed as one single value. One of the most simple 

and most popular criteria is the sum of squares of the residuals , 

expressed as: 

F2 
T 

=l: (Q(t)-Q(t)) 2 
t=O r c ( 5. 1) 

where Q (t) = observed discharge at time, t; 
r 

Q (t) = computed " 11 " 
,, 

C 

T =totalperiod of time. 

If the initial variance is expressed aB: 

F/ =; 
t=O 

( Q ( t) 
r 

Q )2 
r ( 5. 2) 

where Q. = ari thmetic mean of the observed hydrograph over the time , ~ 
r 

the proportion of the initial variance accounted for by the model can be 

expressed as: 

2 
2 F F2 

R - o -
F 2 

0 
( 5. 3) 

This criterion was defined by Nash and Sutcliffe (1970) as the effici

er.cy of the raodel. The same criterion was proposed by Ibbit (1974). 

2 2 . . . . . _ . 
R and F are essentially the same criterion . They will yielQ t~e sc.::.e 

general shape of the error function and the same optimum parameter values. 
2 . . . . . 

The advantage of the R -criterion is its character of a relative measure, 

facilitating comparisons between models. The value of R2 will range from 

minus infinity to plus one, where plus one is representing a complete 

agreement between the two hydrographs . 

. . . 2 . . 
The application of the HBV-model with the R -criterion has thrown some 

doubt on its representativeness when comparing models tested indifferent 

catchments or during different per{ods of tlme. If the initial variance is 
. . . 2 . . 

low as in fig. 5 . 1, small errors will cause low R -values, while at high 
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initial variance the situation is the opposite, as seen in fig. 5.2. 

0.. (l/s) 
400 

200 

0BSERVED HY0R0GRAPH 
-tf- COMPUTED HY0R0GRAPH 

R2 =- 0.64 

0 J :>:; O )f .tf i N W •t ; M M U 1Jf J( )( ,)( )( )( M M )( /;, '-/ ·1 

Fig. 5. 1. 

Q (l/s) 
600 

400 

200 

MAY JUN JUL AUG SEP 

Low R2-value as a result of low initial variance (Stabby, 1959). 

0 BSERVE0 HYDR0GRAPtl 

COMPUT ED HY0ROGRAPH 

R2= 0.84 

01 ~ cC':":: tt: C~ _ I . i i 

APR JUL NQ_V 

Fig. 5.2. High R2-value as a result of high initial variance (L. Tivsjön, 

1968). 

. . . 2 
In spite of these uncertainties the R -value has generall y been a good 

indication of the overall fit of the model as long as the comparison is 

restricted to identical periods of time and to one catchment. This means 

that the best fit according to visual inspection and the R2- value mostly 

coincide. Occasionally, as shown by Bergström and Jönsson (1976 B), the 
2 . . . . . . . . 

R -criterion can be misleading especially at values near optimum. This is 

due to the fact that the residuals are of different origin during diffe

rent seasons. Large deviations due to input errors, for example during 

snowmel t, can mask small errors in another se~uence of the hydrograph. 

When applying the HBV-model to the reservoirs in the river Ångermanälven, the 

R2-values fairly well reflected the general conclusions concerning the 

performance of the model according to visual inspection. The problem 
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with variability of the initial varianee was overeome by the long periods 

used for ealibration and test (see table 8 . 2 ) . 

Bergström (1973) investigated some modified forms of (5.1) in the Stormyra 

basin aeeording to : 

F abs 

Fdiff 

F2 
mv 

1" 

= L IQ (t) - Q (t)I 
t=O r e 

1" 

=r!(Q(t) 
t=O r 

Qr ( t-1) ) - ( Qe ( t) - Qe ( t-1) ) I 

l 1" 2 
= g r ( ~ Q) t+i) 

t=O i=O -

2 
r Q(t+i)) 2 
i=O e 

Two parameters in the soil moisture zone of the HBV-model, 

( 5. 4) 

( 5. 5) 

( 5 . 6) 

s and L 
p 

( see ehapter 7 . 2. 2), were fi tted for snowfree periods wi th the different 

eriteria . As ean be seen from table 5 . 1 the ehoiee of eriterion strongly 

effeeted the optimum parameter values. 

Table 5 . l. Optimum parameters in the Stormyra bas in wi th different 

numerieal verifieation criteria . Fe= 50 (see ehapter 7.2.2.) 

F F F2 F2 
abs diff mv 

s L /Fe s L /Fe s L /Fe i3 L /F~ p p p p 

1963 8 . 0 0 . 8 2 . 0 0 . 2 4 . o o . 6 4 . o o.6 

1964 2 . 0 0 . 2 8 . o 0.2 4 . o 0 . 2 4.o 0.2 

1965 8 . 0 1.0 16.0 o.4 4.o 1.0 4.o 1.0 

1966 4 . o o . 4 16 . 0 o . 6 8 . 0 o . 6 8 . 0 o.6 

1967 4 . o 1.2 16.0 o . 4 32 . 0 1.2 32.0 1.2 

1968 4 . o 0.8 4.o 0 . 2 4 . o 1.0 4 . o 1.0 

1969 8 . 0 1.0 8 . o o.8 4 . o 1.0 4.o 1.0 

Average 5 . 43 o . n 10 . 00 o . 4o 8 . 57 0.80 8.57 0 . 80 

The average parameter values in table 5 . 1 are eomputed for this eompari

son only. When fitting a model for more than one season , optimum parame

te r s should be sought from the joint error funetion and not as a mean of 

the optimum parameters for eaeh individual period. 
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5,1.2. The accumulated difference 

A graph showing the accumulated difference between the observed and compu

ted hydrographs has been a valuable help when analysing t he results of t he 

model . 

t 
at = L ( Q ( i ) - Q ( i ) ) ( 5 . 7 ) 

j,=O c r 

where at = accumulated difference at time t, 

Q (i)= computed 
C 

discharge a,t time i, 

Q (i)= observed discharge at ti1,,e i. 
r-

If at is plotted along the time axis of the runoff, it isa convenient way 

of keeping track of errors in the simulated volumes over long periods of 

time. The usefulness of the accumul ated difference was recognized by wl10 

(1975 E) when recommending its use as an alternative to double mass plats 

of computed and recorded discharges. 

5. 1. 3. Scatter diagrams of peaJ flows 

If the modelling of high flows is of particular interes~ plottings of recor

ded peak discharge against computed peak discharge can be studied. Regarding 

scatter di~grarr1s the problem with visual inspection of a graphical represen

tation remains, but it can be overcome, if some numerical criterion of good

ness of fit is adopted. WMO (1975 B) applied the method to maximUTI monthl y 

flows, but in the work on the HBV- model each peak has been studied sepa

rately, neglecting minor timing errors. Scatter diagrams have not been 

plotted regularly for all catchments. A few examples will be given in chap-

ter 8.1.2. 

5.1.4. Flow duration curves 

In the recommendations on verification criteria the WMO (1975 B) em~hasizes 

the use of flow duration curvesas theyconvey a maximU1I1. of information. Such 

curves were computed when applying the HBV-model to four catchment~ as will 

be shown in chapter 8. 1 .3. 

With flow duration curves, as with scatter diagrar.is, the analysis of a gra-
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phical representation remains a problem. In this case the curve represents 

the accumulated relative frequency of discharge. Because of the relative

ly few events with high flows, the curve must be interpreted carefully. 

The applications of the HBV-model indicate that the low flows easily can be 

overemphasized. Therefore a combination of scatter diagrams of maximum 

flows and flow duration curves is preferable if a representation of f l ow 

statistics is sought. 

5.2. Split sample test 

The test of a model must be carried out in two steps~ if there are f r ee 

parameters to optimize. 

1. Calibration of the model. The free parameters are adjusted 

until an acceptabl e agreement between the observed and the computed 

hydrographs is obtained. 

2. Test on independent data. The cal ibr ated mode l is run fora 

period that was not used for calibration and thus did not 

effect the final values of the free parameters. 

It is often argued that this procedure isa wast e of information, and 

that as long a record as possibl e should be used to derive par ameter 

values. This is certai nl y a val id point, but wi thout the test on i nde

pendent data our knowledge of the behaviour of the model is very l imi ted. 

We only know that the given model successfull y manages to i nterpolate a 

curve between a series of points. This can be achieved wi th several 

mathematical expressions, provided the number of constants (free para

meters) is sufficient. The performance of the mode l is thu s better r e

flected by the independent test period. 

The distinction between fittin g and calibration i s particularl y impor

tant when testing snowmelt mode l s, because of the few events available 

for parameter estimation every year. This was exemplified clearly when 

applying the HBV-model to the Torpshammar catchment (4 230 km2 ). The 

model was first calibrated toa close fit as shown in fig. 5,3. The in

dependent period in fig. 5.4 revealed, however, that the calibration 

period had been too short to obtain proper parameter values. The close 

agreement in fig. 5.3 had little to do with modelling because of the 
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large number of parameters and t he few degree s of free dom for each estimate 

(i . e . few hydrological events ). 

Q<,n3/9) 
TORPSHAMMAR 1967 - 1969 

200 r --RECOROEtJ 
-COMPUTEO 

100 

0 0 I N I 0 F I M 

Fig . 5.3. Calibration period in the Torpsharnmar basin (1967-69) . R2 = 0. 95 . 

Q (...3/a) --RECORDEO 
200 r --coM, UT ED 

100 

0 

TORPSHAMMAR 1969 - 1971 

F I M I A 

Fig . 5. 4. Independent test period in the Torpshammar basin (1969-71). R2 = 0. 50 . 

If fig . 5.3 and 5. 4 are analysed closer, it is evident that the climatic variabi

lity is one of the main sources of the unstable parameter values . In order to get 

a longer record the work in the Torpsharnmar catchment was abandoned and interest 

was concentrated to its upper half, the Gimdalsbyn catchment . A four year period 

was fitted, as shown in fig . 5. 5. The independent test period still caused prob

lems , as can be seen in fig. 5.6, due to the fact that some of the springfloods 

were of much higher order of magnitude than those used for calibration . 
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GIMDALSBYN 1961 -1965 

Q lm1/sl __ COMPUTEO 

100 [ _ RECORDEO 
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0 IN ID I J IFIM IAIM iJ 1J IA Is lo INlO IJ IF IM IA IMIJ iJ IA Is lo IN lo jJ IF IM IAIM lJ lJ IA Is lo IN lo jJ IFIMIAIMlJ iJ l Af si 

Fig . 5,5. Calibration period in the Gimdalsbyn catchment. R2 = 0.83. 

GIMDALSBYN 1965 -1969 

Q lm1/sl 
100 [ -- COMPUTED 

50 

-- RECORDED 

o INIDIJ IFIMIAIMIJ IJ IAls lolNlolJ !F IMIA IMIJ IJ IAlslolNlolJ IFIMIA IMIJ IJ IAislolNlolJ IFIMIAIMIJ I; I Af si 

Fig. 5.6 Independent test period in the Gimdalsbyn catchment. R2 = 0.81. 

The recalibration of the model for the entire eight year period was not 

successful until the model structure had been modified (Bergström, 1975). 

An independent test for anotherfour year period gave results comparable 

to those during calibration, and the model was accepted (see appendix 1, 

fig. A 16). The results from this procedure, presented as R2- val ues, are 

given in table 5 . 2. 

Table 5,2. R2-values in Gimdalsbyn. Independent test periods underlined. 

1961 - 1965 

1965 -- 1969 

1969 - 1973 

Original model 

o.83 

0.81 

Modified model 

0.86 

0.91 

0.86 

It must be stressed, however, that although the test period behaved fairly 



20 

well with the modif ied model, the performance when simulating even larger 

or smaller events is still uncertain. 

The more free parameters in the model, the more the problem with proper 

parameter values will become pronounced. Kuchment (1972) exempli fied this 

when analysing models with a different number of free parameters (table 

5.3). The results showed that an increasing number of parameters always 

improved the fit of the calibration period, while the independent period 

attained the best agreement with only a few parameters. 

Table 5.3. The effect on the sum of squares criterion when gradually in

creasing the complexity of the model (Kuchment, 1972 ). 

Year 

1959 a 
1960 b 
1965 b 
1964 a 
1965 a 

I: 

1962 a 
1962 b 
1959 b 
1964 b 
1960 a 

I: 

I: tot. 

3 

23.7 
15.9 
41.1 
7.1 

54.6 

142.4 

43,7 
50.9 
99.6 
44.8 
30.4 

269.4 

4ll. 8 

Number of parameters 

4 6 10 

0ptimization 
-

17.4 13.6 13.2 
10. 6 9.0 6.6 
38,7 36.6 26.6 
5.8 9.0 2.5 

52.4 34.7 28.8 

124.9 102 .1 77, 7 

(Independent data) 

Control 

49.2 48.3 42 .1 
41.3 68.4 57.2 
82.0 92.9 109. 6 
32.1 19.6 32.0 
23.3 30.6 26.9 

227.9 259.8 267. 8 

352.8 361.9 345,5 

Split-sample testing has been accepted by most modellers,but unfortunate

ly work still appears which only shows the fitted period . Dawdy, Lichty 

and Bergmann (1972) support the split-sample theory when stating: "Accura

cy should be measured in terms of prediction, rather than in terms of 

fitting. Accuracy of fitting indicates only how well the model can repro

duce aset of data from adjusted model parameters. Accuracy of prediction 

indicates how well the model can reproduce aset of data that was not used 

to derive tte parameter values. Therefore, prediction involves an indepen

dent test of accuracy of the model." In the WM0 project on " Intercompari-
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son of Conceptual Models Used in OperationQl Forecasting" (WMO , 1975 B) 

split-sample testing was considered the best way of comparing the perform

ance of the participating models. 

The optimal length of the calibration period isa delicate Question which 

has to be considered when fitting the model. The period must include suf

ficient information, in terms of hydrological events, for the estimation 

of the parameters that are valid under all conditions in the basin. A suc

cessful independent period is no guarantee for proper parameter values, if 

both the calibration and the test periods are unrepresentative of the 

hydrological regime. With a conceptual model the hydrologist is, however, 

in a better position than without any model at all, as an extreme event 

will mostly give an extreme response even if the exact behaviour is repre

sented poorly. Fig. 5,7 is an example where the highest peak during the 

independent test period (2 193 1/s) was more than four times as l arge as 

the maximum flow during calibration (498 1/s). The model underestimated 

the peak (1 680 1/s) but overestimated the total volumes. In general can 

be said that the model performed well taking inta consideration the rela

tively small peaks during the calibration period. 

The number of years or seasons used when calibrating and testing the HBV

model indifferent catchments are summarized in table 5.4, which clearly 

reflects the need for long periods when working with snowrnelt models. 

Table 5.4. Years or seasons in the calibration and test periods. 

Calibration Test Snowroutine 

Lilla Ti vsj ön 1 2 no 

Nolsjön 2 3 no 

Stabby 3 6 no 

Stormyra 4 3 no 

Solmyren 1 2 no 

Gimdalsbyn 8 4 yes 

Kultsjön 8 5 yes 

Malgomaj 8 4 yes 

Malgomaj + Kultsjön 8 4 yes 

Ströms Vattudal 8 5 yes 

Filefjell 4 3 yes 
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Fig. 5,7. Independent test period in the Nolsjön basin. (The highest level 

during calibration is indicated by a broken line.) 

5,3. Ma~s of the error function 

Mappings of the error function have proved very useful when developing the 

HBV-model . The principle is to evaluate the verification criterion in a grid, 

defined by different parameter values . The topography of . the response surface is 

visualized through isolines and subject to analysis. The method was suggested 

by Nash and Sutcliffe (1970) and exemplified by 0'Connell, Nash and Farrell 

(1970) and by Mandeville, O'Connell, Sutcliffe and Nash (1970) in a series 



of pape r s on conceptual mode l s. Furthe r examples were given by Plin ston 

(1972) and Dickinson and Douglas (1 972) . 
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The method has been used when calibrating t he HBV- model under snowfree 

conditions (Bergs tröm, 1972 B) as all but two parameters could be estima

ted from the map, from analysis of the hydrographs or by consideration of 

the characteristics of the catchment. A more important application, how

ever, is the investigation of the general behaviour of t he model as regards 

sens itivity to its parameters or their interdependence. 

When applying a model toa new catchment a general knowledge of the error 

function topography simpl ifies the est i mation of parameter values. If the 

stationery point is situated on a large plateau as in fig. 5.8.A, we can 

expe ct to reach a good fit without much adjustment, as the mode l is rather 

tolerant to deviations from optimum parameter values. If t he optimum is 

well defined by steep slopes as in fig. 5.8.B, large deviations from opti

mum ~arameters cannot be accepted. If, final ly, the response surface has 

the shape of a long flat vall ey, as i n fig, 5.8.C, we can concentrate our 

adjustments to one parameter keeping the othe r at a reasonabl e val ue. 

A B C 
// -c2t ~ c21' ~ C2 

@ 
I/ I~ 

C1 
➔ c, c, 

Fig . 5 .8. Some alternative shapes of the response surface of the error 

function . c1 and c2 are free parameters. 

Fig . 5.8.C . repre sent s a s ituation t hat i s often encountered . If sensi

tivity analyses are carri ed out with all but one parameter constant, the 

result will be a false impression of sensitivity to both parameter s c1 

and c2 as the analyses represent diagonal cuttings through the valley. 

If the shape of the error function i s of t ype C, i t can be worth cons i

dering simplifications of the model by the exclusion of one parameter. 
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Examples of this application will be given in chapter 7. 

It is important to realize a few points when interpreting the topography 

of the error function . 

l . The error function topography is only showing the response of the 

verification criterion and is only valid as long as this criterion 

is properly describing the performance of the model . 

2 . Only a few parameters can be studied simultaneously. The conclusions 

are therefore valid for this particular set of parameters only . 

Consequently it is important to choose parameters that are likely 

to interact or show same other interesting qualities. 

3. It is important not to judge the relative importance of the para

meters from the density of the isolines only. The structure of the 

model must be considered as well in order to draw the correct con

clusions . An important parameter controlling the level of baseflow, 

for example, will effect the sum of squares error much less than 

will a parameter for the timing of high peaks. 

Examples of mappings in three dimensions (two parameters) and four dimen

sions (three parameters) will be given in the discussion of the model 

structure in chapter 7. In all applications F2 , according to eq . 5.1, will 

be used as verification criterion. Systematic error function studies by 

the HBV-model can be found in the work by Bergström and Forsman (1973), 

Bergström (1975) and Bergström and Jönsson (1976 B). Same guidance to the 

interpretation of the response surfaces in this text is given in appendix 2. 

5. 4. Automatic calibration 

The need for rapid estimates of parameters in complex mathematical expres

sions has led to the development of a large number of algorithms for auto~ 

matic optimization, or minimization , of an objective function. Hydrologi

cal modelling i sa fi e ld , where these methods are often applied for calib

ration purposes. 

One of the ma st popula r "hill climbing" techniques was developed by Rosen

brock (1960) . The search fora minimum (or maximum) of the objective func-

tion i s made in a very effi c ient way by means of a tran s formation of the coor-

dinate axes de f ined by the parameters in question . The procedure is illust-



rated schematically in three dimensions (two parameters) in fig. 5.9. 

C2 

C1 

Fig . 5 . 9 . The search techniQue developed by Rosenbrock (1960) with 

c1 and c2 as free parameters . 
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Ibbitt and O'Donnell (1971) found this method very efficient in a compa

rative test of different optimization procedures . 

The Rosenbrock method was adopted in the work on the HBV-model when the 

introduction of a snowmelt routine increased the number of free parame

ters . It proved to be able to fit the model rapidly but there were many 

restrictions on its usewhich gave rise to more scepticism than enthusi

asm . 

1 . The use of automatic methods demands a verification criterion 

which is objectively giving the best fit expressed as one single 

value . This problem was discussed further in chapter 5 . 1 . 

2 . The lack of information about the error function topography was 

soon felt very unsatisfactory . The optimization through visual 

inspection and successive trials gives a much better feeling for 

the sensitivity of the model to its parameters. This is particu

larly important when developing a model. 

3. Restrictions must be put on the parameters to prevent their values 

from violating the concepts behind the model structure. With 

these restrictions the restricting values will not infreQuently 

be found as optimum values. 

4. The optimization procedure might end up in a local instead of an 

absolute optimum, a problem which increases with the number of 

free parameters . 
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5, The calibration of snow melt models requires long calibration 

periods especially in highly darr:ped catchments. Due to the limited 

size and capac i ty of the SAAB D22 2c.ri:i;:t,ter uscc · iL tr.e work on tr.e 

Rosenbrock method the calibration period bad to be split into parts. 

The computer time needed for each calibration was still considerable, 

and we bad introduced a new problem, trying to average the optinUI:1 

parameters from the different calibration periods. 

The existenceof local stationary points far from the absolute optimum was 

exemplified when applying the Rosenbrock method to the Gimdalsbyn basin. The 

snowmelt parameters were given such poor initial estimates that the spring

floods were completely out of phase. The automatic method, instead of adjus

ting this, simply gave the parameters such values that the springfloods 

were suppressed. 

Generally it can be said that the confidence in automatic computer based 

procedures for calibration without any human interaction has decreased 

during the work on the HBV-model. This is in agreement with experience 

elsewhere. Burnash , Ferral and Mc Guire (1973) suggest the use of a man

machine interaction technique with initial manual calibration and possi

bili ty for a final "polishing" of the parameters wi th an automatic algori thm. 

WMO (1975 B) in the report from the project on " Intercomparison of Concep

tual Medels Used in Operational Hydrological Forecasting" makes the follow

ing statellier.t : "As far as possible, a combination of manual and automatic 

procedures should be used in model calibration . " 

Sugawara, Ozaki, Watanabe and Katsuyama (1974) state that the calibration 

of a model "somewhat resembles the driving of a motor car on the street. 

It is very difficult and probably impossible to make an automatic machine 

that can drive a car on the street, but many men can drive easily". 

5,5, Subjective calibration 

"In hydrologic research, there is no excuse for avoidable subjectivity . 

Nevertheless, the hydrologic literature is full of medels justified by a 

single illustration which shows that the predicted output ·closely resemb

les the actual output. Such 'optimization by eye' is incapable of being 
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integrated i nto a general body of scientific knowledge and is unworthy of 

t he narne of sc i ent ifi c hydr ol ogy. " 

The a bove statement was made by Dooge (197 3 , page 150) . Theoretically it 

isa valid statement , practically, however, it is not easy to comply. 

The problem is that if we use an "objective" verification criterion, we con

ceal instead of avoid subjectivity . The choice of criterion isa subjective 

procedure in i tself. F'urthermore , the risk is that we blindly believe in the 

criter i on wi t hout any glance at the hydrograph computed by the model and 

without sufficient knowledge 

rion of fit , 

of the representativeness of the crite-

Visual inspection of the computed and observed hydrographs has regained 

confidence and is now used in combination with the graph of the accumu

lated difference when calibrating the HEV···Dodel. The F:2-value (eq. 5,3) 

is computed as a complement . A multicolor plotter simplifies the analysis 

considerably a s not only the hydrographs but also the input variables and the 

conditions in the different components of the model can be visualized 

simultaneously. Examples of plottings are shown in appendix 1 (fig. 

A 17 - A 21 ) . The time scale is often expanded compared to these figures 

in order to increase the resolution . 

The ca libration is generally carried out in four steps with some inter

action between t hem . 

1 . The conf i ned pa r ameters are determined from the map a~d from other 

information about the catchment . 

2 . First estimates a r e given to the free parameters. 'I'hese can be 

based on experience from other catchments or analysis of the 

hydrograph . An initia l test run is made. 

3 , Parameters, whibmainly effect the volumes,are adjusted after 

inspection of the accumulated difference . 

4. The rema i ning f ree po.rameter s ar e adjusted after visual comparj_--: 

son between t he computed and observed hydrographs. 

Point 3 and 4 are repeated after eac h test run until an acceptable agree

ment i s obtained bet wee n t he computed and observed hydrographs. What is 

1'acc ept a ble " will not be dete rmined until several unsuccessful attempts 

to adj ust the model f urt her have been made. A detailed discussion of this 
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procedure together with a complete example from the Ströms Vattudal catch

ment was given by Bergström and Jönsson (1975). 

The number of run~ needed to calibrate the ~odel with this tria~ and error 

technique, and the degree of modification of the structure when applying 

the model to different catchments are shown in table 5,5. 

Table 5,5. Number of runs and degree of modification when calibrating the 

HEV-model. 

Catchment Degree of modification No. of runs 

Gimdalsbyn moderate 33 

Kultsjön Il 38 

Ströms Vattudal no 18 

Malgomaj no 16 

Filefjell low 9 

As the catchments are presented in the order in which they were tested, 

table 5,5 reveals that the experience of the hydrologist isa factor 

strongly effecting the efforts needed for the calibration of hydrologi 

cal models. 



6. DATA BASE 

The complexity of a model is limited by our knowledge of the physical 

processes and the quality and quantity of available data. If the model 

is to be used for forecasts, the possibilitiy to forecast a certain 

variable can also be a limiting factor. 
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When calibrating a model the need for long, homogeneous series will ex

clude all instrumentation that does not have the status of a permanent 

station . Detailed studies of short duration can be used to backup the 

model structure but will not be of much help for operational purposes. 

The main input and output variables in this work are precipitation, tem

perature, potential evaporation and discharge. Other meteorological vari

ables have been used in some special investigations in attempts to improve 

the model. The number of precipitation and temperature stations used in 

each basin is shown in table 6 .1. In the Swedish catchments data were 

provided by the SMHI, while for the Filefjell and Steinslandsvatn catch

ments data from the Norwegian Water Resources and Electricity Board were 

used . 

Table 6.1. The m1Inber of temperature and precipi tation stations in the 

applications of the HBV-model. 

Catchment 

L. Tivsjön 

Nolsjön 

Stormyra 

Stabby 

Solmyren 

Girr:dalsbyn 

Kultsjön 

Malgomaj 

Malgomaj + Kultsjön 

Ströms Vattudal 

Filefjell 

Steinslandsvatn 

2 Area (km) 

12 . 7 

18 .2 

6.4 

4.o 
27 . 5 

2178 

1109 

1862 

2971 

3851 

154 

216 

Preci12.itation 

1 

1 

l 

l 

1 

3 

3 

3 

5 

4 

4 

l 

Terq~_era ture 

l 

1 

l 

2 

2 

l 

1 
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6.1. PreciEitation 

Daily totals frorr. standard gauges were used in all test catchments. Areal means 

were computed by Thiessen polygons in the Gimdals1:yn catcbment, while the 

topography and representat i veness of each gauge were considered in the 

other catchments. 

Changes in prec i pitation due to elevation differences were accounted 

for by a parameter, P1 . in all large catchments (> 100 t..m 2 ) with the apse' 
exception of Gimdalsbyn, where the altitude range is moderate. ~his will 

be discussed further in chapter 7, 1.10. In the other catchments uncor

rected prec ipi tation values v.ere used for the snowfr.ee periods. P. snow

fall correction factor, C f' was used in the snow accur.mlation procedure 
s 

as will be discussed in chapter 7.1.2. 

6.2. TemEeratures 

Temperatures measured in standard thermometer shelters 1.5 - 2.0 m above 

the ground were used in all the catchments. Daily means are generally 

computed,from three dai ly readings and maximum and minimum observations, 

by empirical coefficients derived at the SMHI (SMhI, 1966). In case data 

were missing, means of daily maximum and minimum temperatures have been 

used . In most catchments only one station was available. If two 

stations were at hand their artihmetic means are representing the 

areal temperature. 

The temperature values are subjects to two correction factors. One isa 

threshold value, T, whichcan be said to correct for poor representative
o 

ness of the station,as will be discussed in chapters 7.1.1 and 7. 1 .4. The 

other isa lapse rate, T1 , accounting for the temperature gradient 
apse 

in catchments with considerable elevation range. T7 is discussed _apse 
further in chapter 7,1.10. 

6.3. Potential evaEoration 

Different ways of computing the potential evaporation have been used in 

the different catcbments, depending mainly on the available data. 1,:allen 

(1966) corr.puted long term means of tbe potential evaporation witb Fen-
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man's formula att different locations in Sweden. These monthly values 

have been used with a correction for mont0iy mean temperatures in L. Tiv

sjön and Nolsjön. The same values ,rere used without any temperature cor

rection in Stormyra, Stabby, Kultsjön, Malgomaj and Ströns Vattudal. 

Monthly totals of the potential evaporation were computed by Penman's 

formula, specifically for the catchments of Solmyren (Persson, 

1972), Gimdalsbyn and Filefjell. 

Different values of the potential evaporation were tested when appl ying 

the model to the Stormyra basin outside Stockholm (Bergström, 1973). The 

conclusion from this investigation was that the results with da i ly value s 

computed by Penman's formula are slightly better than those wi th monthly ave 

rages and still better than those with the values computed by Wal len. The 

choice between these methods had some effect on the optimum parameter 

values in the soil moisture zone. 

When using mean ~onthly values of potential evaporation, a subjective in

terpolation was carried out in the smaller basins to avoid unwanted 

effects due to discontinuities in the histogram formed seasonal curve. As 

can be seen in the graphical representation of evaporation in appendix 1, 

fig. A 17 - A 21, this technique has not been used in the Kultsjön, Malgo

maJ, Ströms Vattudal or Filefjell catchments. In Kultsjön comparative test 

runs were made with a smoothed evaporation curve according to fig. 6.1. 

Ep(mm/day) 

3· 

2 

1 

0 F 

Fig. 6 .1. The smoothed curve for potential evaporation in the Kul tsjön 

catclll!lent. 

The effect on the discharge, when using the smoothed curve instead of the 

histogram,was not detectable by eye in the computed hydrograph. The re-
2 . 6 sults expressed as R -values are shown in table .2. 
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Table 6.2. The effect, expressed as R2-values, of a smoothed curve of potential 

evaporation in the Kultsjön catchment. 

Histogram Smoothed 

1962 - 1966 0. 7977 0.7975 

1970 - 1974 o.8402 0.8399 

The results are interesting, as they show that random errors in the compu

tations of potential evaporation are of minor importance as long as the 

volumes are correct. This conclusion wassupported by Parmele (1972) when 

studying the effect of errors in potential evaporation on the output from 

hydrological models. 

6.4. Runoff 

Runoff has been measured by means of discharge weirs in the small basins in

cluding Filefjell. In Gimdalsbyn observations of lake levels were transformed 

to outflow by a stage-discharge relation for the outlet of lake Idsjön. In 

Kultsjön~ Malgomaj and Ströms Vattudal the model was used to simulate the local 

inflow to reservoirswhich are parts of a rather complex system of hydro

electric power stations. Therefore the recorded hydrograph had to be computed 

according to: 

where 

Q = Q + 6S - Q loc tot r in' 

Q_ = local inflow to the reservoir, 
J..OC 

Qtot = total outflow as reported by the regulation company, 

( 6 .1) 

Q. = inflow from an above situated reservoir as reported by the regulain 
tion company, 

6S = change in storage in the reservoir from observations of its level . r 

As all terms in eq. 6.1 are subjects to errors, the resulting hydrograph is 

rather uncertain. Particularly critical are the observations of the level of 

the lake, or reservoir, as one reading will effect the storage component, 

6S , of two consecutive days. These uncertainties are causing fluctuations in r 
the hydrograph as can be seen in appendix 1 (fig. A17 - A 20). In Ströms Vat-

tudal the runoff values were averaged for three days in an attempt to over

come the problem, but when working on the other catchments the use of a 



multicolor plotter made it possible to analyse the hydrographs in spite 

of the fluctuations. 

6. 5. Conse~uences of errors in data 

The errors in the data will effect the modelling procedure differently 

depending on their type and origin . 
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Systematic errors may be caused by poor measurements, poor representative

ness of a station , or by uncertainties in the computations when estimating 

a variable . They can, to some degree, be accounted for by the free parame

ters when calibrating the model . These implicit corrections will effect 

the optimum parameters and thus complicate the generalizations of these. 

Random errors may have the same origin as systematic errors . They cannot, 

however, be accounted for implicitly by the model . They will therefore 

effect the performance of reconstruction. Random, uncorrelated, errors in 

the input variables will cause persistance in the residuals between the 

computed and the observed hydrographs due to the different storages in the 

model structure. In operational hydrological forecasting these persistent 

errors can be eliminated by means of an updating procedure, as will be 

discussed in chapter 8 . 2.1. 

Inhomogeneities in a data series isa type of systematic errors, which may 

be caused by, for example, a changed location of a meteorological station 

or a new method for the estimation of runoff during the period subject to 

analysis. Due to the implicit corrections by the free parameters inhomo

geneities will cause unstable parameter values . Bergström and Jönsson 

(1975) showed an example, where a s l ight modification of the procedure 

for the computation of local inflow to the Ströms Vattudal reservoir was 

detected when calibrating the HBV-model . 



34 

7. TRE MODEL S'=1RUCTURE 

The simulation of runoff by the HPV-model is made ir:: three steps. 

l. Snow accumulation and ablation. 

2 . Soil moisture accounting. 

· 3. Generation of runoff and transformation of the hydrograph. 

The basic philosophy has been to regard these steps as relatively indepen

dent. First of all snow accumulation and melt is considered. Meltwater and 

rainfall is then fed into a soil moisture accounting roi.;.tine, which is the 

most essent ial part for the determination of runoff volumes. Finally the 

volumes are given an appropriate shape in the response function i~cluding 

rcuting of the water through a series of reservoirs and damping of the hydro

graph by ~eans of a transformation function. 

A survey of the most important structures, which have been attempted, is 

shown in fig. 7.1. As the intention is to illustrate only the general link

age of components, the subroutines are described more in detail in the fol

lowing chapters. Either these subroutines can be lumped or t:~ey can account 

for the statistical or geographical distribution of characteristics of the 

catchment. 

Althougt the fficdels in fig. 7,1 look different, they are all developments 

from the first very simple HBV-1 structure and will a.lso degenerate to 

this version with appropriate parameter settings. A list of parameters in 

the HBV-3 version is given in table 7.1. Each parameter is subject to a 

more detailed description in the chapter referred to in the table. The sym

bols used in table 7.1 can te crit i cizec".for not being a very consequent 

system of notation. The author is aware of this but has tried not to divere;e 

too much from symbols used in other publications on the HEV- model. 'Iable 7,2 

shows where the different models have been a.rplieå. so far. "Snov,routine '' in 

the column of comments, means that a srrowroutine has been incorporated 

and that the model has been run throughout the year. "Distributed snowroutine" 

indicates that a distribution of this snowroutine according to the area

elevation curve was made. 



Table 7.1 Parameters in the HEV-3 model. 

Corrections on inQut variables 

P = correction factor on rainfall 
corr 

P1 = precipitation-elevation correction 
apse 

T1 = temperature-elevation correction 
apse 

T = general temperature correction 
0 

Parameters in the sno~~outine 

csf 

C 
0 

Cwh 

Sb 

= snow fall correction factor 

= degree-day melt factor 

= water holding capacity 

= bottom storage under snowpack 

Parameters in the soil moisture routine 

Fe 

L 
p 

s 

= maximUl!'I_ soil moisture storage 

= limit for potential evaporation 

= empirical coefficient 

Parameters in the resQonse function 

K = storage discharge constant in the upper zone 
0 

Kl 

K2 

L 
UZ 

C 
perc 

p -w 

B 
max 

= " " " 11 11 1: Il 

= " Il 1; 11 Il lower Il 

= limit for slow drainage in the upper zone 

= percolation capacity into the lower zone 

= part of the lower zone representing lakes 
and other wet areas 

maximum base in the transformation function 

C t = parameter relating 
rou e mation function to 

the base in the transfor
the generated flow 

Chapter 

7 . 1.10 

7 .1.10 

7 .1.10 

7.1.1, 7 . 1.4 

7 .1.2 

7 .1.4 

7 . 1.6 

7 .1.6 

7,2.2 

7.2.2 

7.2.2 

7,3.2 

7 . 3.2 

7.3.3 

7,3,2 

7.3 , 3 

7 , 3.3 

7,3.4 

7.3 . 4 
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Fig. 7.1. Schematic representation of different versions of the HBV- model. 
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'Iable 7. 2. lv:odel structures in the different catcrinents. 

Catchrnent 

L. Tivsjön 

Nolsj ön 

Stat by 

Stor:rr.yra 

Solrnyren 

Gimdalsbyn 

Kults j ön 

Ströms Vattudal 

tfalgomaj 

Filefjell 

Steindalsvatn 

Model 

BFV-1 

HBV-2 

HBV-2 

HBV-2 

HBV-2 

HBV-2 

HBV-2 

HBV-2 

HBV-2 

HBV-3 

HBV-3 

Cornments 

Snowroutine 

Distributed snowroutine 

" Il 

Il 1, 

Il Il 

11 Il 

The soil moisture accounting procedures are essentially the same in all 

versions of the model . The subseguent increase in the number of runoff 

components is justified by experience from the different catchrnents. Two 

components have generally been sufficient in the Swedish catchments, but 

when applying the model to the Filefjell alpine basin three components 

were detected . Two ways of modelling this were attempted, represented by 

the HBV-3 and HBV-4 models. HBV-3 was considered superior both according 

to visual inspection and in terms of the R2-criterion of fit. This compari

son was discussed in detail by Bergström and Jönsson (1976 B). 

All versions of the HBV-model are lacking components for direct surface 

runoff, as the water is controlled by the conditions in the soil mois-

ture zone before any runoff can be generated. The position of the upper 

zone below the soil moisture zone is more an indication of the order i n which 

computations are carried out than an attempt to describe the natural sys

tem . It would probably be more correct to integrate the soil moisture zone 

and the upper zone, as the upper zone represents the superficial drainage which 

might occur within the topmost layers of the soil. For computational rea-

sons it is, however, convenient to make this separation into two storages, 

each one with its own budget. 

The soil moisture zone as a buffer controlling the total volumes has been 

verified by a lot of applications of the model. Fig. 7, 2 shows an 

example where a ,surface runoff component on top of the soil moisture zone 
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would certainly yield poor results. After a long dry sumrner 46 mm of pre

cipitation in August did not cause any runoff, which was m.odelled well by 

the HBV-2 model. 

Q.(L/s) 
600 

400 

200 

OBSERVED HYDRO!i RAPH 

--,t- COMPUTED H YDRO!.RAPH 

oL_ ______ _::::!!!11 ...... ___________ ~_..,__..;.._ __ ...,J 

P (mm) 

40 

20 

Dl - - - I Id ~•~ma,.~ d'f ..... "1' .. •.~ I .. ,,_n,,,v I ... :...!!'' PUI ,..,....;' N 'i NOV 1 

Fig. 7,2. Simulation of the response toa rainstorm after a long dry spell. 

Nolsjön (1969), 

One explanation of the good performance of this model, without a direct 

surface flow component, might be the highly pervious soils in the test 

catchments and the fact that rainfall intensities are mostly moderate. 

One must, however, bear in mind that the soil moisture zone is accounting 

for all losses, including interception in vegetation, and thus it is ~ore an 

index of the total wetness of the catchment than a detailed description 

of the conditions in the soil. Therefore detailed explanations can be 

Questionable. 

The capability of the model to reconstruct a given hydrograph is the rule, 

by which its performance is judged. The fact that a model is doing this 

properly must not, however, lead us to the conclusion that all components 

in the model are in agreement with the real hydrological system. Axelsson 

(1975) showed that he could obtain almost identical results,as with the 

HBV-2 model when applying a model with two parallell soil moisture zones 

and two parallell reservoirs to the Stormyra basin. To take the capability of 

reconstruction as an evidence of physical relevance would thus lead to 

two contradictory statements. This phenomenum was recognized by Amorocho 

and Hart (1964) as the problem of nonuniQueness of the processes of synthesis. 
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7.1. Snow accumulation and ablation 

One glance at an annual hydrograph is sufficient to realize the signifi

cance of snow accumulation and melt for formation of runoff in Sweden (see 

for example fig. 5,3), To model these processes means that a few central 

problems must be considered. 

1. Determination of tbe form of precipitation. 

2. Corrections for the aerodynamic effect around the precipitation 

gauges and poor representativeness of the meteorological stations. 

3. Determination of evaporation losses. 

4. Computation of snowmelt. 

5. Estimation of retention and refreezing of liquid water in the 

snowpack. 

6. Correction of precipitation and temperature according to the alti

tude differences in the catcbment. 

A physically correct way to approach the snow modelling problem would be 

from the total heat budget of the snowpack, as discussed by,for example, 

U.S. Corps of Engineers (1956) and (1960), Forsman (1963) and ~uz'min (1972). 

The general eq_uation would be of tbe form: 

W + W + W + W + W + W + W + W = 0 
sw lw c 1 g f t m 

where: 

w 
SW 

= absorbed short wave radiation, 

w = 
lw 

net long wave radiation, 

W = convective heat flux, 
C 

w1 = latent heat flux (condensation and evaporation), 

W = heat flux from the ground, 
g 

W = contribution of heat from precipitation, 
p 

Wt = change in the energy content of the snowpack. 

Wm = heat equivalent of the snowmelt. 

( 7. l) 

Among the variables necessary fora complete heat budget computation 2.cccrding 

to eq. 7.1 can be mentioned: 

total solar radiation, 

albedo, 

longwave radiation balance (effective radiation), 



air temperature, 

air humidity, 

wind speed, 

temperature gradients in the soil and in the snow, 

precipitation. 

In addition to these variables some physical parameters governing heat 

exchange with the atmosphere, heat transfer within the snowpack, liquid 

water content in the sncw and drainage of the snowpack,would have to be 

estimated. 
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Considering the data that are generally available in a catchment detailed 

heat budget computations, such as eq. 7,1,are hardly warranted. The great 

inhomogenities in the areal distribution of the snow cover is complica

ting the picture furter. Rather crude index methods are therefore often 

preferred in operational models. 

When developing the sno,rroutine for the HBV- model recordings of air ten

perature and precipitation have been the main input variables. The air 

temperature is used as an index and is thus not only representing the 

convective component in eq. 7,1, but also other effects such as radiation 

and condensation. The routine was initially developed for the Gimdalsbyn 

catchment (Bergström, 1975) but has since then been modified in the light 

of experience from other applications. This will be discussed in the re 

maining part of chapter 7,1, in which some alternative methods and s~ecial 

investigations will be presented as we ll. 

7.1.1. The form of precipitation 

The problem with determination of the form of precipitation is usually 

solved in a rather simple manner. The air temperature is accepted as a 

determining factor meaning that snow accumulation starts as soon as the 

temperature is lower than a certain threshold value, T . This method has 
' 0 

been used by the U.S. Corps of Engineers (1956) and Anderson (1973) 

among others. According toan investigation made by the U.S. Corps of 
. 0 4 \. 0 Engineers, the T0 -value may vary between - 1,7 · C and+ ,u C when study-

ing hourly values. An investigation of daily values made at the Lilla 

Ti vsj ön climate station in Sweden is shown in fig. 7. 3 (Bergström, 

1975). 
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Fig. 1.3. The observer's note on the form of precipitation related to mean 

daily temperatures. Each point represents one day with precipita 

tion. 

The variability of T indicated by these investigations is of course inherent 
0 

in the crudeness of the method. The risk for erroneous floods when using the 

T as a t hreshold value,is greatest when there is no snow on the ground or 
0 

if the snowpack is ripe, i.e. filled with liquid water to its water hol-

ding capacity. Liquid precipitation on dry snow se l dom effects runoff, 

as the water mostly 

on. 

will be retained in the snowpack and refreeze l ater 

So far the method with a threshold value, T, has been used in all the applica-
o 

tions of the HBV-model. The same parameter is used as a general correction 

for representativeness of the temperature station in the snowmelt routine. 

Examples of parameter values are given in chapter 7.1.4. 

When the precipitation reaches the ground, the temperature of the soil deter

mines whether it will remain in its original form, freeze or melt. Compu

tations of the soil temperature can easily be very complicated, but a simple heat 

budget might help to improve the snow accumulation routine when the ground is 

snow-free. This has not been attempted in the HEV-model. The effec~ of frozen 

ground is discussed further in chapter 1 .1 .8. 

7.1.2. Snow fall and eva~oration corrections 

To estimate the areal totals of snowfall is more difficult than to esti -

mate rainfall. The catch of the standard gauge is often strongly reduced due 

to the aero-dynamic effect, especially at high windspeeds. The variability 

of snow accllr.lulation over the catchment is also great, making the repre-
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sentativeness of the gauge a critical f a ct or. 

The effect of the den si ty of the forest cover on snm,- accurr:ulation was 

investigated in Finland by Seppänen (1961) and in Sweden by Haldenströ:o 

(1975), The results show an increasing accumulation with decreasing den

sity of the forest. Similar results were reported by Dietrich and r.~eiman 

(1974) when studying the effect of cuttings in a forest. One explanation 

'!!'>.ay c•e that the interception of snow in the trees, which is subject to 

stronger exposure to wind and heat exchange with the atmosphere, will 

increase evaporation losses. 

The above uncertainties cause systematic erro:rs in the areal rrecipitation, 

as recorded by the precipitation gauges. This is corrected in the HEV

model by an empirical coefficient, Csf' the snow fall correction factor. 

Evaporation and condensation on the snow surface can be calculated accor

ding to a formula of the form (Nyberg, 1965): 

E = ( C . +C • u ) ( e - e ) • , , 
a el e2 a s 

where: 

Ea 

u 

e 
a 

e 
s 

= actual evaporation from snow, 

= wind velocity, 

= va.por pressure in the atmosphere, 

= surface vapor pressure, 

Ce1andCe2= empirical coefficients, 

'[ = time period. 

(7.2) 

The introduction of this formula will, however, reQuire input variables, 

representative values of which are not generally at hand in Swedish 

catchments. 

Lemmelä and ~uusisto (1973) measured the net evaporation during six melt 

periods in Finland and reported a total value ranging from - 0.2 to + 9,4 

mm/season. Nyberg (1965) arrived at a total amount of evaporation of 

25 mm during two months in spring in the extreme north of Sweden. Gray 

(1973) discussed many aspects on evaporation from a snowpact and referred 

to investigations, which showed that the 8111ount of evaporation in 

winter is negligible in northern latitudes (where chinooks do not prevail). 

wnen developing the snow routine for the HBV-model it was found important 
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to keep down the demand on input data. ':'herefore the ·:aria"i::i:1..::_ty of sr.c•.· 

evaporation ,ras neglected in tr.e first approach, ar.d -:::e :cverage loss ·,·as 

included. in the snow fall correction factor, r, 

'· sf · 

The snow fall correction factor is thus flaying a very important role in 

the mod.el. A.s this parameter is mair::ly effecting the total volwnes, it is 

easy to get a good estimate after just a few test runs. Tte ·best way is to 

study the behaviour of the accur.mlated c.ifference between the computed and 

the r ecorded springflooc.s anc. to adjust C p unti.l all systematic errors 
S1 

are eliminated. Typical values of C f are given in t2.t,le 7,3, 
s 

Table 7,3, Snow fall correction values, Csf' 

Gimdalsbyn 

Kults~ön 

Malgomaj 

Ströms Vattudal 

Filefjell 

o.sc 

1.23 

1.05 

1.12 

1.70 

As the value of Csf is both depending on the choice of precipitation sta

tions and their respective representativeness and accounting for evapo

ration from snow, its great variability is not surprising. Values lower 

than or::e, as in Gimdalsbyn, are possible for the same reason. The C ~-value 
s~ 

interacts strongly with the assumed value of the altitude lapse rate of 

precipitation, as will be disc~ssed in section 7,1.10 . 

The fact that Cs:f' is one of the most critical parameters in the mode] w8 .s confi:rmed 

when applying the HBV-model to the Filef j ell be.sin wi thout any p:revious 

calibration (Bergström and Jönsson, 1976 B). The difficulty to relate this 

parameter to catchment cha:racteristics is one of the :rn..ain obstacles on the 

road towards the application of the HBV-model to ungauged catchments. It 

is evident that an increased density of the precipitation network would 

help to stabilize the C6 f-values. 

7 .1. 3. Wind c_o_r_re_ct_i_ons _O_!l_ snow accum11J.ation 

An attempt was made to correct the computed snow accu:rn..ulation for wind 

velocity when applying the nodel to the Malgomaj catcr.rr..ent ( Ee r gströrr. 

and Jönsson, 1976 A) . Three daily readings of wind velocity were available 
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at Stensele, 50 krr. from the divice. The correction was made accorcing to 

the following eQuation: 

t:.s =P ·(c +c ·u). s ul u2 , 

where: 

!:,,s = snow accumulation (mm water eauivalent), s ~ 

P = recorded precipitation (mm), 

Cul and cu2 = empirical coefficients, 

u = wind velocity (m/sec.) 

( 7. 3) 

A few combinations of Cul and cu2 were tested in order to study their 

effectson the variability of volume errors over four years. Table 7.4 is 

showing the volu1ne errors in mm evaluated from the graphical representa

tion of the accumulated difference for different springfloods without 

wind correction, with correction for average windspeed and with correction 

for maximum windspeed among the three readings. 

Table 7.4 . The effect of wind corrections on the volume errors in r:ur.. 

during springfloods in the Malgomaj catchment. 

Without correction 

Average wind velocity 

Maximum wind velocity 

1967 

- 60 
- 60 

- 50 

1968 

- 20 

- 30 

- 20 

1969 

0 

0 

0 

1970 

0 

- 10 

5 

The results in table 7.4 are based on a cu1-value of 0.1 corresponding t oa 

10 % increase in accumulation per m/s windspeed. Cul was adjusted to get 

comparable total volumes over the entire period as the investigation was 

made not in order to reduce the total volume error but its variability. 

The results show that no substantial change in the variation of the volume 

errors could be obtained by eQuation 7.3. 

According to Larson and Peck (1974) a ten percent correction per rn/s wind 

velocity isa reasonable figure for an unshielded gauge. Their investiga-

tian showed that wind corrections in the accumulation routine improved 

the performance of the hydrologic model of the National Weather Service 

Forecast System. It is realistic to believe that the lack of improvement 

when trying to account for wind speed in the HBV-model is mainly due to 

poor representativeness of the wind velocity data. 
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7.1.4. Terperature index methods for sno~T.lelt corpu~at ~on s 

The simplest way to C.")mpute sno,II:lelt from temperature s is undoubtedly the 

degree- day method according to: 

M = C • (T - 'I' ) 
0 0 

( 7 . 4) 

where: 

t-1 = snowrnelt (rrnn/day), 

C = degree- day factor (r:rrn/0 c 
0 

day), 

T = surface air temperature ( oc), 

T = threshold value of the temperature 
0 

( oc). 

The method has been widely applied in more or less modified form all around 

the world . Kuz'min (1972) refers to this :r:1ethod as "the simplest and most 

accurate of all ex8J'1ined methods". Other references are for exa:r:1ple: U.S. 

Corps of En/;ineers (1 956 ) and (1960 ), Sugawara, Ozaki, Katsuyama and Wata

nabe (1 975) and Popov (1968) (in forests). A modified form was presented by 

Martinec (1975). Quick and Pipes (1975) and Anderson (1973) are using the 

method under certain met eorological conditions. 

This type of index methods ha s the advantage of being simple and easy to 

handle. On the other hand it is difficult to generalize its parameters as 

they are enpirical and cannot be estimatec. through physical consiclerations. 

Therefore the degree-day factor and the threshold temperature have to be 

determined specifically for each c.atchment. 

Bergström (1975) showed examples indicating that the degree-day factor 

would increase wi th proceeding mel t and int :rodU;ed the following equation: 

M = C (1 + C IM) (T - 7 ) 
o eff o ' 

( 7. 5) 

where: 

Ceff = a coefficient accounting for the ripeness of the melting snow. 

Martinec (1975) obtained a similar effect when relating C to the density of 
0 

the snowpack, as the density is correlated to the ripeness of snow. 

Anderson (1973) introduced a seasonal variation in the degree- day factor~ 

which r esult s in an inc reasing C -value during melt periods in spring. 
0 

The introduction of Ceff in eq. 7.5 complicated the snowroutine considerably. 

1 
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It was necessary to keep tracl: of the ac cumulat ed melt, 2::r1, of all under

ly~ng layers when fresh snow was falling on snow that had already started 

to melt. Snowmelt was assumed to occur at the top of the topmost layer and 

two consequtive layers were consolidated to one as soon as they reached 

the same value of l::M as shown schematically in fig . 7,4, 

TEMPERATURE 
~ 

SNOWPACK 

TIME 

Fig. 7, 4. The build-up and consolidation of the layers in the snowroutine 

according to eq. 7,5, 

The error function response around the optimum Ceff-values were studied 

in the Gimdalsbyn catchment (Bergström, 1975) and in the Filefjell catch

ment (Bergström and Jönsson, 1976 B). The study in Filefjell is shown in 

fig. 7,5, It isa good example of how mappings of the error function can 

reveal an insignificant parameter. The optimum Ceff-values did not deviate 

from zero at any T - l evel. This result confirmed the investigations of 
0 

Ceff in Gimdalsbyn and was also supported by visual inspections of the 

hydrographs when attempting non-zero-val ues of Ceff' ~he conclusion is 

thus that although the introduction of Ceff is justified by fie~d measure

ments, its effect cannot be observed in the discharge at the outlet of 

the catchment. The result is important, as it simplifies the model 

considerably with positive consequences for both progr8Jl1.ming efforts and 

needed computer time . 
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Fig. 1 ,5, The response of F2 to C , T and C ff' Filefjell (1961 - 1911). 
2 o 30 2 e 

(The dimension of F is (m /s) · 104 . ) 

The values of the snowmelt parameters in the different catchments are shown 

in table 1,5. Ceff was used as an active parameter when applying the model to 

the Gimdalsbyn catchment, but the fit was almost as good when Ceff = 0. 

Table 1,5. Snowmelt parameters in the different catchments. 

Gimdalsbyn 

alternative 

Kultsjön 

Malgomaj 

Ströms Vattudal 

Filefjell 

o -1 
C0 (mm/ C·day) Ceff (mm ) 

1.251 ) 0.01 

2.0 l) 0 

3.2 0 

2.5 0 

2.5 0 

2.5 0 

T ( 0 c) 
0 

0 

0 

0.5 

1.0 

1.0 

- 1.0 

l) · · · ·. t· (h 7 19) Mean in a statistically distributed rou ine c apter 1 ••• 

As can be seen in fig. 1-5, there isa strong interaction between T and C , 
0 0 

which makes it difficult to draw any firm conclusions about the exact value 



of these parameters. One further complication is the areal-elevation 

distributionwhich will be discussed in chapter 7.1.10. In spite of this, 

C and T seem 
0 0 

to be rather stable parameters, a fact which simplifies 

a reasonable first estimate in a new catchment. 

As a comparison the U.S. Corps of Engineers (1960) suggests C = 2.25 
0 

~.m/°C • day) and T = 0 °c in forests and C = 2.7 mun/°C • day) and T 
0 0 0 

= - 4.4 °c in open fields. The following figures were given by the WMO 

(1975 A) as a first approximation in practical calculations: 

C (mm/°C • day) ~,-~~---~ 
Dense coniferous forest (crown density 0.8 - 1.0): 1.4 - 1.5 

Coniferous forest of average density (crown densi-
ty 0.6 - 0.7) and dense mixed forest: 1,7 - 1.8 

Low density coniferous and deciduous forest 
( average crown den si ty) : 3 - 4 

The WMO points out that the figures are less accurate for open country 

than for forests due to increasing relative effect of radiation and wind 

velocity. It can also be worth mentioning that the degree-day factor is 

most likely to be dependent on the latitude and aspect of the catchments 

and the day of the year. 

7.1.5, Alternative meltfunctions 

Some alternative meltfunctions have also been tested or at least consi

dered in the HBV-model, In the Malgomaj catchment the wind velocity was 

included (Bergström and Jönsson, 1976 A) according to: 

M = ( C + C • u) · ( T - T ) 
ml m2 o' 

where: 

Cml = empirical coeffici.-ent, 

G ,, = empirical coefficient, 
_,!"TIL 

u = average wind veloc i ty ( m/ s) . 

( 7. 6) 
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Data on windspeed were available at Stensele about 50 km from the divide 

as three readings per day. The new model was calibrated for the years 

1962 - 1966,and 1966 - 1970 were used as an independent test period. The 

parameter values were Cml = 1.5, cm2 = 0,55, The results are compared to 

those by the ori-ginal model in --table 7. 6. 
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Table 7 ,6 . The effect of wind corrections on the melt func~i on in tLe . z~sc 

maJ catchment. 

Perio:i 

Without correction 

With correction 

1962 1966 

O. 785(, 

0 .7879 

1966 - 1970 

c .2316 

o . 8l73 

Table 1.6 indicates a very small improvement, which was nct altogether in 

agreement with tLe inpres sion from vi si..:al inspection of the hydrographs . Due 

to this fact,together with the complications when i:r:troducing a new input 

variable,the modified fo rm of the nelt function was not adopted. 

Same work on the introduction of short wave radiation inta the snowmelt 

computations was initiated in the Gimdalsbyn catchment, but the results 

(never published) were questionable. Poor data and lack of information 

due to the damping in the basin made the interpretation of the results 

difficult. Studies of the effect of radiation and other meteorological 

variables on snowmelt would be more fruitful in a catchment with high 

quality data, a quicker response and less regular snowmelt seasons. 

7. l. 6. V:ate_r __ re_te_n_t_ion in the snowpack 

When snowmelt starts. water is percolat i ng through the snowpack. Ttis is 

actually the mo st important mechanism for heat transfer fror.: the snow sur 

face (Kuz 'r.J.in, 1972 ). Same of this water will be retained by ca:i;::illary for 

ces and thus detain water yield and discharge inte the river. Same water may 

also accumulate unde r the snow in its lowest layer, further delaying runo :':' f . 

The water-holding capacity of a snowpacl: isa function of the aggregate 

structure of the snowpac k itself. The capacity decreases with the melting 

process along with the metamorphoses of the snow. Tlie fi gures found in th i:: 

literature are highly variable. The U.S. Corps of Engineers (::. 960) recom

mernis 2 - 5 % of the total snowpack during melt. Yuz 'min ( 1972) suggests 

35 - 55 % for freshly fallen snow dec reas ing to 5 - 15 % durinb active snow

melt. According to the WMO (1975 A) fine, crystalline drifting snow is 

capable of containing up to 40 % of liquid water, while large granular snow 

at the end of melting hasa water-holding capacity of acout 5 - 2 %. 

In the HBV-model two ways to medel wat e r retention in the snowpack have 

been attempted. First a water holding capacity Cwh must be exceeded be fore 
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the pack can yield any water. Then, in a few catcbments, a bottom storage, 

Sb, was introduced under the snov-rpack. Values of Cwh and Sb from the catch

ments, where snowmelt has been modelled, are shown i n table 7.7. 

Table 7,7, Water retention pararr..eters in the different catchments. 

Gimdalsbyn 

Kults jön 

Malgomaj 

Ströms Vattudal 

Filefjell 

cwh (%) 

5 

5 

10 

5 

5 

~:\ (mm) 

10 

0 

0 

0 

10 

The values in table 7,7 are rather arbitrary. Error function studies 

carried out by Bergström (1975) and Bergström and Jönsson (1976 B), fig. 

7.6, show that the interaction is strong between the two parameters. 
. . . 2 . . . 

The sensitivity of the F -criterion to these parameters is also l ow, 

which makes it difficult to draw anything but qualitative conclusions. 

Sb 

Cwh 

0 

3 

5 

8 

10 

0 10 20 30 40 

5 

1. 0704 1 • 1187 

Fig. 7,6. The response of F2 to Sb and Cwh' Filefjell (1967 - 1971). 
(The dimension of F2 is (m3/s) 2 . 10 4.) 

7,1.7. ~~tr~ezing Df liquid water 

A refreezing routine is necessary, if snowmelt is interrupted by the intrusion 
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of cold air. In the HBV-mode l this is simulated by eQ, 7, 5, which will automa

tically yield negative melt rates at low temperatures. If so, the liQuid water 

content is reduced and added to the snowpack, and in case Ceff > O, the accu

mulated melt figure is reduced. The method is very crude, considering that 

melting and freezing are different processes , which occur at different levels in 

the snowpack, but it was adopted in order to avoid more free parameters. The 

amount of liQuid wate r is also small , so that it will mostly refreeze entirely 

during a cold period. During a poorly defined melt period, however, with tem

perature fluctuations around freezing,a better procedure for the computation 

of refreezing might be a way of improving the performance of the model . 

7 . 1 . 8 . The effect of f_rozen _ground 

The effect of frozen ground on the runoff process was discussed by the WMO 

(1975 A) . So far no such effect has been considered in the HBV-model. The 

areal variablility of the soil cover and the lack of knowledge of the imnact of 

frozen ground are problems making an attempt to model this process but 

little tempting . The applications of the model so far have led to the rather 

intuitive conclusion that the effect of frozen ground is either accounted for 

by the existing free parameters, or it is of minor importance for the per

formance of the model . 

7 . l. 9, Statis_tical distri_bution of the degree-day factor 

The snowroutine discussed so far can be said to simulate the processes in 

one single point. It is obvious that the great areal inhomogeneities as 

regards snowpack and meteorological variables must be considered in one way 

or another. Most critical is the effect of partly snowcovered and partly 

bare ground in the basin. One way of modelling this could be to adopt an 

areal depletion curve relating snow covered area to the accumulated melt, 

as suggested by Anderson (1973) and the WMO (1975 A) . This method is rela

tively simple but entails difficulties if fresh snow is falling on a snow

cover which is a l ready reduced by melting . A more convenient way is to divide 

the catchment into a number of zones and to distribute one or more of the 

parameters or variables over these zones in order to simulate different 

conditions indifferent parts of the catchment. 

In fig. 7,7 it is shown how a rectangular distribution of C (or T) in the 
0 
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simple degree-day model (eq. 7 .4) wi ll effect t he overal~ in~ut from 

snowr:i.elt to the soil, in case five different zones are used. A constant 

water-holding capacity is assumed together with a constant temperature 

above freezing. The part with highest C -value will start to melt quick-
o 

ly and consequently the snow will end soon, while the situation is the 

opposite at lcw C -values. As can be seen, the superposition of the 
0 

different contributions gives a completely different input to the 

underlying parts of the model than would an entirely lumped procedure. 

YIE.LD 
_ -~LOCAL 

- --, TOTAL 

-t- - 7 
-f 7 

r- -+- - - - -- - ------, ._ ______ _ 
TIME 

Fig . 7.7. The effect of a distribution of C or T in the expression 
0 

M = C (T - T ) at constant water-holding capacity and 
0 0 

constant temperature above freezing. 

A rectangular distribution of the degree-day factor, C0 , was assumed 

when applying the HBV-model to the Gimdals'cyn catchment (Bergström 1975). 

C was ranging from C to C - C . t in ten different zones. 
o o max o max o in 

Both C and C . t were regarded as free parameters. Studies of the 
o max o in 

error function topography revealed, however, that this distribution had 

very little effect on the medel performance (fig. 7.8) . A ~in i mum i n the 

error function was obtained along a valley defi.ned by the equation 

2 C - C . t = constant, which is identical to ( C + C . )/ 2 = o max o in o max o min 

= constant (braken line in fig. 7.8). The distribution of C had little 
0 

effect on the model as long as the average degree-day factor renained 

constant. Once again did error function studies help to keep down the 

complexity of the model as the assumptions of a variable degree-day 

factor did not have any positive effect on the medel performance. 
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C 1. 1 1. 3 1.5 1. 7 1. 9 o max 
C o int 

o.oo 

0. 25 

0. 50 2.12 

0.75 2. 89 1.79 1~'&...07 o:67 

1.00 ).84 2.44 1.5~~~~ ö, 66 

Fig . 7.8. The response of F2 to C and C . t' Gimdalsbyn (1961 - 1969). 
. . 2 . o max o in 

(The dimension of F is (m3/s )2 • 105.) 

7 .1.10. Area-elevat ion distribution of the snowroutine, 

When applying the model toa catchment of considerable elevation range, 

the altitude effect on air temperature and precipitation cannot be neglected. 

The usual way of accounting for the temperature gradient is to adopt the 

moist adiabatic lapse rate , T1 , - 0.6 °c/100 m. This method has been used 
apse 

by the U.S . Corps of Engineers (1960) , Quick and Pipes (1975), Sugawara et.al. (1975) 

and Kuz'min (1972) among others . The method isa g~eat simplification conside~ 

ring the complex meteorological conditions, such as frequent temperature in

versions, but it is probably the most practical way of extrapolation in catch-

ments where all temperature stations are situated in the lower parts. 

A lapse rate of - 0.5 °C/100 m was used in the Kultsjön, Malgomaj and Ströms 

Vattudal catchments and - 0 . 6 °C/100 m was used when applying the model to 

Filefjell . The catchments were subdivided into ten elevation zones of equal 

size , and the temperature was adjusted according to equation 7 , 7 before 

entering the snowroutine . 

T . = T + T1 · llE . , i apse i 
( 7 . 7) 

where : 

Ti = temperature in the i:th zone (0 c), 

T = recorded temperature ( oc) ' 

llH . = mean altitude difference between the temperature stations and thP 
i 

mean e levation in the i:th zone (100 m) . 

Tlapse = elevation lapse rate of temperature (°C/100 m). 
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T1 has been used as a confined parameter in all catchments. An error 
apse 

function study carried out in Filefjell (Bergström and Jönsson, 1976 B) is 

shown in fig. 7. 9. The interaction with T is not surprising, but it is 
0 

interesting to note that both parameters are significantly deviating from 

zero . Contrary to the statistical distribution discussed in chapter 7.1.9 

this routine is improving the performance of the model. 

T 
0 

T 
lapse 

- 0.00 

-0.30 

-0.60 

- 0.90 

- 1. 20 

0 -0.5 -1.0 - 1.5 -2.0 -2.5 -3.0 

2.4387 3.2802 4.7241 7.0543 9.2334 

1.3079 1.4641 1. 9773 2.8460 4.2630 

1 . 
. ~ 

2. 5742 1. 755 

.0139 

Fig . 7. 9. The response of F2 to T1 and T. Filefjell (1967 - 1971). 
2 apse ::4 

( The dimension of F is (m3/s f · 10 . ) 

It is, however, dangerous to draw anything but qualitative conclusions 

concerning the correct value of T1 from fig. 7. 9. The exact position 
apse 

of the minimum is strongly effected by our basic assumptions, erroneous 

data and estimates of other parameters. 

The correction of precipitation with altitude is even more difficult than 

are temperature corrections. Observations of the total catch at precipi

tation stations at different altitudes are normally the only source of 

information available. Wallen (1951) investigated a number of stations in 

Sweden in this respect. His results have been the basis of the precipita-

tion lapse rates, P1 , in the Swedish catchments when applying the 
apse 

HBV-mode l . Recommendations from the Norwegian Water Resources and Electri -

city Board were used in the Filefjell basin. P1 has been used as a 
apse 

confined parameter in all applications of the model. 
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The corrections of precipitation are made from the average sltituc e of the 

precipitation stations to the nean altitude in each elevation zone. During 

the snow free period the snow routine is inactive and precipitation was mul-

tiplied by a factor, P , instead of being processed by the snow routine in all 
corr 

elevation zones. P was identical to the average elevation corrections i n 
corr 

the ten elevation zones, P1 , in the Kultsjön and Filefjell catc0.ments. 
_ apse 

It deviated from P1 in Malgomaj and Ströms Vattudal. It would have been 
apse 

better to be more consequent in the asessment of P as it isa parameter which 
corr 

interac ts with the parameters in the soil moisture zone and thus complicates 

the generalizations of these. In future work 

ted as a confined parameter with a value equal 

P1 and P are presented in table 7.8. 
apse corr 

Table 7, 8. Precipi tation correction parar;;.eters. 

P will therefore be trea-
corr 

to P1 Values of P1 , 
apse apse 

P1 (%/100 m) p p 
apse lapse corr 

Kultsjön 18 1.33 1.33 

Malgomaj 15 0,95 1.0 

Ströms Vattudal 16 1.16 1.0 

Filefj ell 12 l. 4 l. 4 

Investigations by Bergst röm and Jönsson (1976 B) (fig,7,10 ) show that the 

interaction is strong between the precipitation- elevation correction fac -

tor, P1 , and the snow fall correction factor, C f• as these two parameters apse s 
are effecting the total snowpack in the catchment. As mentioned earlier it 

is wise,under these circwnstances,to set a reasonable approximation on one 

of the parameters, in this case P1 , and concentrate on the other, C f' 
apse s 

when calibrating the model. 

It is realistic to believe that the potential evaporation hasa negative 

lapse rate with elevation due to the decreasing vapor pressure deficit. So 

far, however, no distribution of the values of potential evaporation accor

ding to the area-elevation curve has been attempted in the applications of 

the HBV-model. 
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Fig. 7.10. The response of F2 to C f and P1 . Filefjell (1967 - 1971). 
2 s 3 2 apsf 

(The dimension of F is (m /s) · 10 .) 

The areal distribution of the snow routine entails difficulties in the 

underlying routines as they will be subjects toa distributed input instead 

of a lumped on~.Attempts to account for this by a distributed soil 

moisture zone will be presented in chapter 7,2.4. 

7.2. The soil moisture zone 

The conditions in the soil moisture zone are acting as a controlling 

agent in the formation of runoff, as exemplified in chapter 7, fig. 7.1. 

Consequently the soil moisture accounting part of the model is where the 

main contribution to runoff from precipitation and snowmelt is cletermined. 

The part of the lower zone, which represents lakes and rivers, can also 

contribute directly, but this area is mostly small compared to the total 

catchment. 

As mentioned in the introductory discussion of chapter 7, interception of 

precipitation i n the vegetation will be accounted for inplicitly in the 

soil moisture routine if not c11odelled separately. Interception is of 

course related to the vegetation cover,which isa function of the time of 

the year . If we further consider the very complex laws governing water 



58 

retention and transport in a heterogenous soil column, it is evident that the 

striving fo r a physically CJrrect repre sentation of the processes in the 

soil moisture zone will lead to very complex models. The picture is further 

complicated by the great areal variability of the vegetation cover and soil 

characteristics. 

As the objective is to keep the HBV-model as simple as possible, the soil 

moisture accounting procedure is developed from greatly simplified assump

tions according to the strategy lined out in chapter 3, The routine is 

based on physical considerations but is adjusted specifically to each 

catchment by empirical coefficients, i . e. free parameters. 

7,2.1. A simple reservoir approach 

One of the most simple representations of the processes in the soil is to re

gard the soil moisture zone as a reservoir, which has to be filled toa cer

tain level, or capacity, Fe, before any water can pass through (fig. 7.11). 

l RAI N, SNOWMELT l 
,. 

} 
TO RUNOFF w 

Fig. 7.11. A simple soil moisture accounting procedure. 

The parameter Fe can be said to represent the maximum available water in 

the soil moisture zone, expressed as the difference between field capaci ty 

and wilting point. Due to the greatly simplified approach and unavoidable 

implicit corrections one must, however, be careful not to abuse Fe when 

relating parameter values to catchment characteristics. 

The procedure in fig. 7.11 has some physical relevance but it is incapable 

of handling the great areal variability of the soil cover in most catchments 

Therefore its response will be too abrupt as soon as the soil moisture 

storage is filled to Fe. If the catchment area is divided into a number of 
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zones in the model, anda dist ribution of Fe is assumed, a contr ibuting 

area approach is obtained, whe re each individual zone with tje area Z: will 

contribute to runoff as soon as its soil moisture storage is filled to 

its capacity, Fe .. The response of this routine will be muc h less abrupt, 
l 

as illustrated in fig. 7.12 . 

A 
f (Fe) Fc(mm) 

Fc(mm) 
~z. 

I 
I< )I 

B 

100 

C 
zzi (¼) 
-1' 

I 

S (mm) 
sm 

Fig. 7.12. Distribution of the simple reservoir soil moisture routine. 

A: The distribution of Fe. 

B: Schematic representation of contributing areas and soil 
moisture conditions. 

C: Contributing area, LZ . , as a function of the soil moisture 
l 

storage, S 
sm 

Fig . 7.12 shows an idealized progression from initially dry conditions. 

The modelling of evaporation from each zone will complicate the picture 

so that no unambiguous curve, which relates the contributing area to soil 

moisture conditions, will exist. 

Axelsson (1975) and Beck.er (1975) showed examples of same modified forms 

of the above approach. It is also the basis of the two soil moisture 

accounting procedures which have been tested in the HBV-model, as will 

be discussed in the remaining part of chapter 7,2. 

7.2.2. Soil moisture accounting_ in the HBV-model 

The contributing area concept in fig. 7.12 has been adopted in the soil 

moisture accounting procedure of the HBV-model. Due toa lumped evapora

tion routine, the total soil moisture proc edure is of a quasi-distributed 
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rather than distributed eharaeter. 

The soil is assumed to reaet upon rainfall or snowmelt, 6P, in a fashion 

shown in fig . ,.3, whieh is in analogy with fig. ,.12.C. 

1.0 

8Suz/ Il p 

6-Ssm I ~P 

0 1,-<:::'.: \ ') 

0 Fe Ssm 

Fig. 7.13 . The eontributions from rainfall or snowmelt, P, to the soil 

moisture zone, S , and the upper zone, S sm uz 

Mathematieally the proeedure ean be expressed as: 

6S 
UZ 

6P 

6S 
sm 

6P 

where : 

p 

s s 
= (~) 

Fe 

= l - ( 8 sm) S 
Fe 

= preeipitation or snowmelt, 

S = storage 
UZ 

in the upper zone, 

s = sm 
aetual eomputed soil moisture storage, 

Fe = maximum soil moisture storage in the model , 

s = empirieal eoeffieient. 

( 7. 8) 

( 7. 9) 

The amount 6S will pass through the soil moisture zone and eventually 
UZ 

eontribute to runoff or evaporation from the lower zone. 6S will eontri-
sm 

bute to the soil moisture storage with evaporation as the only exit from 

the system. S is a free parameter whieh gives the eurves in fig. , . 13 their 

shapes. At S-values of plus infinity the routine will degenerate to the 

simple reservoir type in fig . 7.11, while if S eQuals zero there will be 

no aetive soil moisture storage at all. The routine is thus very eeonomie 

in terms of free parameters,as a large speetrum of possibilities ean be 



o::_ 

covered when changing Sand Fe. 

Potential evaporation is reduced to actual values according t o the simple 

function of the total computed soil moisture conditions in fig. 7.14. 

E0 /Ep 

1.0 

0 -1'------+____,r---~ 

0 Lp Fe Ssm 

Fig. 7,14. Reduction of potential evaporation, E , to actual, E. 
p a 

This can be expressed as: 

E = E if s > L a p sm - p 

s 
E = E 

sm 
if s < L (7.10) a p L sm p p 

where: 

E = potential evaporation, 
p 

E = actual evaporat i on, 
a 

S = actual computed soil moisture storage, sm 
L = limit for potential evaporation. 

p 

Due to its simplicity this method for reduction of potential evaporation 

has been very popular in hydrological modelling . It was used by Porter 

and McMahon (1971), Girard, Fortin and Charbonneau (1971) and Dickinson 

and Douglas (1972) to mention a few authors. 

The parameter L is sometimes said to represent the root zone constant, 
p 

above which evaporation will occur at potential rate from a soil profile. 

If the distributed approach is adopted, it is, however, more realistic to 

interpret L as the general moisture conditions above which the entire 
p 

catchment has the opportunity to evaporate at potential rate. A general . 

decrease of evaporation with decreasing soil moisture storage isa realis 

tic assumption, anyho~. Kristensen and Jensen (1975) elaborated thi s a 
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bit further when accounting for the intensity of the potential evaporation 

by different shapes of the curve in fig. 7.14. This modification cannot 

be considered in the HBV- model, unless better evaporation data are obtained. 

The above soil moisture routine has been used in all test catchments. The 

parameter values are shown in table 7 . 9. The procedure,when fitting the model 

has generally been to start with adjustments of S,with L equal to Fe and wi t h 
p 

Fe at values regarded as reasonable from considerations of the soi l and vege-

tation cover in the catchment. Thereafter L has been adjusted and finally, 
p 

if found necessary, different values of Fe have been tested. This procedure 

is reflected in the rather regular Fe-and L- val ues in table 7.9. 
p 

Table 7.9. Parameter values in the soil moisture zone. 

Fe L /Fe s 

Lilla Ti vsjön 100 0.7 3.4 

Nolsjön 200 o.8 8.0 

Stabby 1 00 1.0 7 . 0 

Stormyra 50 0.8 4.o 

Solmyren 100 1.0 2.25 

Gimdalsbyn 200 1.0 1.80 

Kultsjön 150 1.0 3.0 

Malgomaj 150 1.0 2.0 

Ströms Vattudal 150 1.0 1.0 

Filefj ell 150 1.0 2.0 

When analysing the values ,of the soi l moisture parameter~ it is important 

to bear in mind the possible effects of erroneous input data, the inter-

actions with the precipitation correction factor, P (see chapter 7.1. 1 0) 
corr 

and other implicit corrections. It is also important to remember the rol e 

played by Sas an exponent in eq. 7.8 and 7-9,making the model l itt l e 

sensitive to changes in S at high S-values. When analysing the error func 

tion the latter problem is overcome with a log transformation of the S-ax i s. 

A general conclusion is that the model can be fitted qui te well wi th a rather 

crude approximation of Fe and with L /Fe equal to one. The fact that all 
p 

S-values lie between one and eight and thus give a concave shape of the 

6S /6P -curve (fig. 7 . 13) is supporting the hypcthesis lined out i n fig. 
UZ 

7 . 12 . 
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The error funetion topography of the soil moisture parameters was studied 

by Bergström and Forsman (1973), Bergström (1975) and Bergst röm and 

Jönsson (1976 B) . Two of these studies are shown in fig . 7 ,15 and 7 .16 . 

Fe 
B 
0.5 

1.0 

2. 0 

4.0 

8. 0 

50 100 150 200 250 

3. 48 2. 95 2. 63 2. 34 2.33 
~ 

2. 45 1. 8/?iB-1-;-1"2-1 ... 20 

2.04 1. 53 t(~:~>6 
1. 97 1. 72"-.:t .34~1~32 --1.99 1o98 1.76 1. 59 1.90 

Fig. 7,15. The response of F2 to Fe and B with L /Fe at a eonstant value. 
p 

Gimdalsbyn (1961 - 1969) . (The dimension of F2 is (m3/s) 2 · 105.) 

1,25" { \ ( > ,,..,,, / :,y 

1.oo r > :> .... r=---, / / 

0. 1-5 r V :,., f ....., t 

/:,;,- 7 N 7f ......_ ) 0 .2.s 

Lp /Fe 

-< ~ \/ "" / / I ,, 2. oo 

Oso r' Y " P--- ( "=--( /1.00 

50 100 1:50 200 2.50 Fe 

R 

Fig . 7 . 16. The response of F2 to F , Band L /Fe. Filefjell (1967 - 1971). 
e p 

( T . . 2 . ( ~ / )2 4 ) he dimension of F is m- s · 10. 
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All studies of the error funetion have eonfirmed that the simple reservoir 

routine in fig. 7,11 is too rigida representation of the soil moisture 

zone, as S hasa well defined optimum value. 

In order further to investigate the role played by the soil moisture zone, 

the aetive and relative aetive soil moisture storages have been eomputed in 

a few test eatehments aeeording to: 

s = Fe - S 
aet sm. 

s 
aet 

where: 

s 
aet 

min 
s 
aet =--
Fe 

= aetive soil moisture storage (mm), 

s t = relative aetive s oil moi s ture storage, 
ae 

(7.11) 

(7.12) 

Ssm. = minimum soil moisture storage during the reriod (mm). 
min 

S tands t are thus measures of the maximum reduetion of the soi l 
ae ae 

moisture storage , S , during a speeifie period. A small value of s 
sm sm 

indieates that only a fraetion of the storage is playing an aetive role, 

whieh will have eonsequenees for the sensitivity of the model to the 

parameters in the soi l moisture zone. Values of S tands t are presen-
ae ac 

ted in table 7,10. 

Table 7.10. Active, S t' and relative active, s t' soil moisture storage 
ac ac 

in the HBV-model. 

Area above tim- s 
act 

s 
act 

Fe Number of 
berline (%) 

(mm) 
(mm) years 

--
Gimdal sbyn 0 154 0.77 200 12 

Malgomaj 7 86 0. 57 150 12 

Ströms Vattudal 13 90 0.60 150 13 

Kult sjön 51 71 o.47 150 13 

Filefjell 86 50 0.33 150 7 

Considering the climatol ogical impact it is not surprising that the 

active soil moisture storage is decreasing with increasing area above 

timberline. In the Filefjell alpine basin only one third of the assumed 

available water is exchanged. This is reflected by a low sensitivity of 

• 
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t he mode l to ehanges in the parameters L , Fe and 6 in the soil moisture 
p 

zone (fig. 7.16). 

From the results in table 7.10 it is obvious that one must be very eare 

ful when relating Fe-values to physieal eharaeteristies. When designing 

the model, Fe was meant to represent the maximum available water eontent 

of the soil, i.e. the differencebetween field eapaeity and wilting point. If 

j ust apart of the soil moisture storage is aetive, it is, however, 

diffieult to draw any eonelusions coneerning the relevanee of a ehosen 

Fe-value . 

7 . 2.3 . An alternative soil moi~ture routine 

The routine diseussed in the previous chapter was based on a eontributing 

area eoncept with a lumped evaporation procedure. A more logieal routine 

treating evaporation separately in a number of zones with varying 

values of the maximum soil moisture storage, Fe, was tested in the Stabby 

eatehment . The catehment was divided inta ten zones with a distribution 

of Fe aecording to fig. 7.17 . Eaeh zone was then modell ed aeeording to the 

simple storage eoneept lined out in ehapter 7.2.1, fig. 7.11. 

Fe 

fe, 
I 

max 

°' F c. = Fe , ( ( i - 0. 5) / 1 0 l 
max 

o --f · I 2 I 3 I 4 I s I 6 I 7 I a I g I 10 lzo NE, i 

Fig . 7 . 17 . Assumed distribution of the Fc-values in the distributed soil 

moisture routine . 

Aetual evaporation from eaeh zone, E , was eomputed separately in ana
a. 

logy with fig. 7.14, as shown in fig.i7.18. Identieal values of the dif-

ferenee Fe . - L 0,;e re assumed in all zones. 
l pi 
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E0 ,/ Ep 
I 

1.0 

Q-t----+----.-~ 

0 Lp. 
I Fcj 5smj 

Fig. 7.18. Evaporation from the uifferent zones in the distributed soil 

moisture routine. 

If the value of Fe. - L exeeeded Fe. in any zone, the soil moisture 
l p. l 

. l . . . 
storage was subJeet to unredueed evaporation until emptied. 

The above routine was eompared to the one deseribed in ehapter 7.2.2. 

for the snowfree periods of 1959, 1960 and 1961 . It was eal ibrated 

through mappings of the F2-surfaee with different values of a, Fe. - L 
l p. 

and Fe . Fitted values were a = 0 .4, Fe. - L = 0 and Fe = 150 mm~ max i p. max 
The response surfaee at this Fe -value is shok in fig. 7.19. 

max 

a 0.1 0.2 0.3 0.4 0.5 o.6 0.7 

(Fc.-L ) 
l pi 

-20.0 736. 1026. 1105. 1372. 

-15.0 691. 1023. 1103. 

-10.0 689. 664. 664. 1015. 

- 5.0 
709~~ • 

878. 

0 745. • 648. 641. '664. ro.~ 1s~ 

829~ 69~72. 5.0 ~------10.0 947. 

15.0 1128. 903. 889. 8 2 8 :-----...:t.3 3 • 778. 778. 

0.8 

1566. 

1355. 

1160. 

852. 

868. 

799. 

Fig. 7.19. The response of F2 toa and the differenee Fe. - L at Fe 
i pi max 

= 150 mm. Stabby (1959 - 1961). (The dimension of F2 is (l/s)2 . 10 ~) 
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The results expressed as R~ and F2- values are shown in table 7 .11. Due t o 

t he low initial variance the R2- value isa misleading criterion of fi t 

f or the period 1959 as shown in fig. 5.1. The total error expressed as 

F2 is therefore the most appropriate ~ase for comparison in this inve st i

gation . 

Table 7 . 11 . Comparison between the distributed and the original soil 

moisture routines. (Stabby 1959 - 1961). 

R2 

1959 1960 

Distributed routine 0. 47 0.92 

Original routine - o . 64 0.93 

1961 

0.54 

0.80 

2 2 Total F (1/s) 

64 · 104 

40· 104 

Although it was possibl e to fit both models well to each year individual 

ly, the total error was l arger by the distributed model when making a 

simultaneous calibration of all three years. The conclusion is therefore 

that the distributed model is inferior to the one adopted in the HBV- model. 

The sensitivity of the distributed model to the resolution in the subdi

vision was also tested . The model was run with a subdivision of 2, 4, 

6 . . . to 20 zones . There was very little difference from 6 and higher 

nurnbers of zones . 

7 . 2 . 4 . Distribution according_ to the area -elevation curve 

When distributing the snow routine according to the area elevation curve, 

as discussed in section 7,1.10, not only the snowpack but all underlying 

components of the model are effected, as snowrnelt is simulate d differently 

in the different zones of the catchment. A critical part in this respec t 

i s the soil moisture zone . In the HBV-2 and HBV- 3 models di scussed so far 

this problem was ignored, and all the snowrnelt was fed into one comrnon soil 

moisture zone . This is,of course, a questionable point, and therefore a 

di stributed soil moisture zone was tested in the sense that separate soil 

moisture accountings, based on the procedure in chapter 7.2 . 2, were 

carr i ed out i n each elevation zone (Bergström and Jön s son 1976 A) . The 

inve stigation was carried out in the Kultsjön catchment (1962 - 1974 ) . 
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The problem with sueh a differentiation is that the nUIDber of free para

meters will multiply by the number of elevation zones, making it diffieult 

to obtain stable parameter estimates . In order to avoid this problem, Sand 

L /Fe were regarded as invariable with the altituQe while Fe was subjeet to 
p 

a reetangular distribution aeeording to fig. 7.10. 

Fe 

Fcmax 

Fcmin 

ALTITUDE ( m) 

1500 

1000 

soo 
0 so 100 ¾ AREA BELOW 

I NDICATED ALTITUDE 

Fig. 7.20. Di stribut ion of the soil moisture zone aeeording to the area

elevation eurve in the Kultsjön eatehment. 

The model was run both with invariable Fe-values and with a distribution 

ranging from 25 mm to 275 mm . The results are summarized in table 7 . 12 . 
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Table 7,12 . Results with a lumped soil moisture routine and one distribu

ted aeeording to the area-elevaticn eurve. Kultsjön (1962 -

1974). 

Luml2_ed 

Fe= 150 mm 

Distributed 

Fe 
max = 150 mm 

Fe . = 150 mm 
min 

Distributed 

Fe = 275 mm max 
Fe . = 25 mm 

min 

R2 

1962 - 1966 1966 - 1970 1970 - 1974 

0. 7977 0.8712 0.8402 

0 . 7931 0.8731 0.8512 

0.7902 0.8753 0.8495 

It is evident from table 7.12 that the differenees in performanee between 

the lumped and the distributed models are quite small, and that a lumped 

model is suffieient in the Kultsjön eatehment. This eonelusion was sup

ported by visual inspeetion of the hydrographs. 

7 . 3. _The _re_s12.onse funetion of the HBV-model 

The response funetion is the part of the model which transforms exeess water 

from the soil moisture zone to runoff . It also ineludes the effeet of 

direet preeipitation and evaporation on apart Pw whieh represents lakes. 

rivers and other wet areas. 

The HBV-model hasa nonlinear response funetion, but same of its eompo

nents are of a l inear, or at least, quasi-linear eharaeter . It is sometimes 

argued that a linear response funetion should be more eonvenient beeause 

of the existenee of analytieal solutions . The estimation of the parame

t ers in the nonlinear funetion deseribed below is, however, no great 

problem . Therefore it seems wise not to eompromise in the sense that a 

physieal behaviour, whieh we know is nonlinear, is foreed inta a linear 

f r amework . 

The mast sueeessful versions of the HBV-model have a response 

f unetion whieh ean be illustrated, in a general form,as in fig. 7.21. 



70 

Cperc 

Q =K..'.(S -L ) 
Q O UZ UZ 

01= K(Suz 
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Fig. 7.21. The response function of the HBV-model. 

Q 

Excess water enters the upper zone. It leaves as runoff through its two 

outlets or percolates, at a constant rate, C , down to the lower zone, 
perc 

from which it can either evaporate or drain. At lasta transformation func-

tion is activated to give a proper shape of the hydrograpb which is generated by 

the two reservoirs . Fig. 7.21 is actually showing the HBV-3 version, but 

with proper parameter settings HBV-1 and HBV-2 can be obtained. 

The linkage between the upper zone and the lower zones has been supported by 

a work by Waldenström and Andersson (1973). Special high-freQuency measure

ments of soil moisture and ground water in the Kassjöån Representative 

Basin, of which Lilla Tivsjön isa part, showed that recharge of ground

water continues for same time after the termination of rainfall andre

plenishment of the soil moisture deficit. In the model recharge of the 

lower zone will continue until the upper zone is empty. 

It is tempting to attribute the different runoff components in the response 

function to the three components often discussed in the handbooks: overland 

flow, interflow and groundwater flow. (See for example: Gray, 1973.) It 

must be stressed once again, however, that the fact that the model yields 

reasonable discharge values, 1s no confirmation of the physical relevance 

of the model. It might be possible to achieve similar results with other 

structures. 

7.3.1. The single linear reservoir 

The corner-stone on the response function is the single linear reservoir 



shown in fig. 7 ,22. 

INPUT 

STORAGE,S L OUTFLOW 
--.... )Q=K·S ---------

Fig. 7,22. The single linear reservoir. 
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Its differential equation during a dry period (no input) can be expressed 

as: 

d S(t) _ 
d t 

- K • S(t), (7.13) 

where: 

S(t) = storage at time t, 

K = storage discharge constant (recession coefficient). 

Eq. 7, 13 has the general solution: 

S(t) = S(t ) · 
0 

-K· (t-t ) 
e o 

. . . ( ) -d S( t) . if we introduce the discharge Q t = d t into eq . 7,13 

S(t) = -1 
K 

d ___§J_!.l = l Q ( t ) 
d t K 

and substitute S(t) in eq. 7.14, we obtain 

Q(t) = Q(t ) e-K·(t-to) 
0 

(7.14) 

(7.15) 

During a dry period the single linear reservoir will show an exponential 

decay which isa quality often detected when analysing hydrographs . 

Instead of the storage discharge constant K with the dimension (time-1 ) 

the invers, 1/K, with the dimension (time) is sometimes used. 

Another possibility is to use the relation: 

r = 
Q (t+l) 

Q( t) 
(7.16) 
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which can be related to K, if one time step is used in eq. ,.15: 

or: 

Q ( t + l) = Q( t ) 
0 0 

Q( t ) 
ln o Q(t

0
+l)=K= ln l 

r 

-K-1 
e 

(, .n) 

In this work K will be used as the characteristic parameter of a reservoir. 

In same of the investigations of the HBV-model, a K-value, which is directly 

relating storage in mm to discharge in 1/s, is used. This value is, 

however, not independent of catchment size, which complicates comparisons 

and generalizations. 

The siagle linear reservoir will be distorted when linked together to form the 

response- function. A linear character can, under certain conditions, still 

be assumed, which will help in the calibration of the model or at least in 

finding first estimates of same parameters. If ln Q is plotted against time 

during a dry spell, the gradients of the hydrograph at different magnitudes 

of discharge are good first estimates of the different recession coeffi

cients, K0 , K1 and K2 in fig. ,.21. 

The single linear reservoir is only one of many possible ways of modelling 

a storage discharge process in nature. Roche (191 0) shows examples of other 

reservoirs with different physical interpretations. He points out that the 

single linear reservoir can be visualized as a container with a porous out

let, thus obtaining eq. ,.13 from Darcy's law. 

7.3.2. The U.:eJ2.er zone 

A very general interpretation of the configuration of the upper zone in fig. 

,.21 could be expressed as follows: If yield from the soil exceeds a certain 

percolation capacity,the water will start to drain through more superficial 

channels and thus reach the rivers and streams with a higher drainage coef-

ficient, K1 . At a storage in the upper zone exceeding L these channels are 
uz, 

filled to their capacity, and even more rapid drainage according to K will 
0 

start. This explanation is somewhat vague, but the interpretation is nota 

determining factor for the model as long as we are working with a lumped 

approach, a fact that was discussed by Bergström and Jönsson (19,6 B). 



The introduction of K in the HBV-3 version of the model is, of course, 
0 

disturbing the linearity of the upper zone considerably. Even if K 1s 
0 

zero, that is if we study the HBV-2 version, the upper zone will be a 

distorted linear reservoir due to the parameter C Its differential 
perc 

equation during a dry period will be of the form : 

d S ( t) 
UZ 

d t 
=-K · S (t) - C 

1 uz perc' 
if s ( t) 

UZ 
> o, 

where : 

s ( t) = 
UZ 

storage in the upper zone at time t, 

~ = storage discharge constant, 

C = percolation rate to the lower zone. 
perc 

7.18 is: A general solution to 
C 

S (t) = - ~rc 
UZ Kl 

C 
+ (~rc 

Kl 
+ S ( t ) ) e -K1 ' ( t-t ) 

UZ O 0 

(7 . 18) 

(7.19) 

The smaller C is,compared to K, the more the response of the upper 
perc 
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zone will approach that of the single linear reservoir discussed 1n sec -

tion 7.3.1. The response is shown graphically in fig. 7.23. 

5uz 

suzlto) 

........_ .(_Cperc=O 

1)erc > 0 ~ " ...__ ...__ -- -
o....._-------~-----~ 

TIME 

Fig. 7,23, The response of S during a dry spell, if K = 0. 
UZ 0 

The response of the model to the parameters of the upper zone have been 

studied by Bergström and Forsman (1973) and Bergström and Jönsson (1976 B) . 

The result from a study of K, K1 and L in the Filefjell basin is shown 
0 UZ 

in fig. 7.24 . 
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Fig. 7.24. The response of F2 to K, K_ and L . Filefjell (1967 - 1 971). 
0 -~ UZ 

(The K-values are relating storage in mm to discharge in 1/s. 
. . 2 . ( 3; )2 4 ) The dimension of F is m s · 10 . 

It is interesting to not e the increasing importance of IS_ with increas i ng 

L -values reflected by the switch in the main axis of the ellipse formed 
UZ 

by the isolines. The explanation to this is that at high L - values the 
UZ 

HBV-3 model will degenerate to HBV-2 with K as an inactive parameter, 
0 

while at low L -values the effect of K is more pronounced. Fig. 7.23 is 
UZ 0 

also a good indication of the significant improvement of the model when 

introducing a third runoff coefficient in the Filefjell basin, as the 

optimum K -value is situated far from zero . 
0 
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7 , 3,3 , The lower zone 

The lower zone can be said to represent the total groundwater storage of 

the catchment. C is thus a parameter governing groundwater recharge. 
perc 

The interpretation of this zone is somewhat easier than that of t he upper 

zone . The fact that one slow and at least one quick runoff component have 

been detected in all investigated catchments,no matter if they are homo

genous or heterogenous, is supporting the theory that the slow component 

is caused by a lower reservoir and nota parallell one. It is true that 

a model with one runoff component, HBV-1, was used in the Lilla Tivsjön 

catchment, but later work (Bergström, 1973) showed that the HBV-2 version 

is preferable, if higher flows are to be modelled in the catchment. 

If we assume that no part of the lower zone is subject to direct precipi

tation or evaporation, the reservoir will be linear and have a response 

according to : 

d Slz ( t) 
= - K 81z 

( t) + C if S (t)>O 
dt 2 perc UZ 

d s1z(t) 
= - K 81z 

( t) if s (t) = o, (7 . 20) 
dt 2 UZ 

where : 

s1z(t) = storage in the lower zone at time t, 

S (t) = storage in the upper zone at time t, 
UZ 

K2 = storage discharge constant for the lower zone, 

C = percolation rate from the upper zone . 
perc 

The solution to 7 , 20 is: 
C C 

S (t) = perc _ ( perc _ S (t )) 
lz K2 K2 lz o 

-K ·(t-t ) · 
e 2 O, lf S (t)>O 

UZ 

Slz ( t) = s1 ( t ) 
Z 0 

-K · ( t-t ) . 
e 2 O , ,lf S (t) ::: 0 . 

UZ 
(7.21) 

The response of s1 z is visualized in fig. 7.25. 
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Fig. 7,25. The response of the lower zone to input from the upper zone. 

If S >O, s1 is raising and is asymptotically approaching the value 
UZ Z 

C /K2 . As s oon as the upper zone is empty, i.e. S = O, the lower 
perc uz 

zone will decline exponentially towards zero. 

The introduction of apart, p, representing lakes, rivers and other wet 
w 

areas, somewhat complicates the picture on the input side. Recharge from 

the upper zone will occur parallell to direct precipitation and evapora

tion on the part, p . The effect of precipitation will be present through-
w 

out the year as the pressure of the snowpack on the ice will have the 

same effect as direct rainfall on a water surface. Evaporation f r om the 

part, p , is assumed to occur at potential rate, as soon as the ice has disappea-
w 

red from the lakes. The same values of potential evaporation as from 

land are used in combination with a standard date for icefree conditions. 

(See chapter 7,3,5,) The lower zone hasa dead storagewhich is allowing 

runoff to cease completely due to evaporation from lakes in dry summers. 

One attempt was made to model the lakes as a separate reservoir, through 

which the response of both the upper and the lower zonffi were routed. The 

estimation of the storage di s charge curve of this reservoir caused prob

lems, as it interacted with K2 and K1 . The work was abandoned but it is 

strongly felt that the routing through lakes and improvement of the lake 

evaporation routine is stilla point where the model could be improved. 

A mapping of the response s urface with K2 and C as free parameters 
perc 

was made when applying the model to the Filefjell catchment (Bergström 

and Jönsson, 1976 B), (fig. 7.26). The optimum parameter values in the 
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F2-sense of the term did not coincide with judgements from visual inspec-
. 2 . . . . . 

tion of the two hydrographs . The F -criterion showed low sensitivity 

to changes in K0 and C , which is not surprising as they are 
~ ~e~c 

mainly effecting the low flow recessions with small but persistant resi-

duals. The contribution toa sum of squares criterion is therefore 

rather small compared to timing errors of flood peaks for example. 

K2 

C perc 

0 

10 50 90 130 170 

1.0369 1. 0291 1.0430 1.0595 1.0769 

210 250 290 

1 1. 030 

2 

3 

4 

5 

6 

7 

1.3171 

1.5355 1.l 0.92,4 0.90: o. 

.9811 1.0049 

~9745 

0.90~95 o.9i'21 o.~36 0\9590 

) . 

o.9~9177 0.9367 o'.961s 

o~ 0.9335 o.9323~471a.9717 

Fig. 7 .26. The response of F2 to C and K2 . Filefjell (1967 -
perc 

1971). (K2 is relating storage in mm to discharge in 

I . . 2 . ( 2 / ) 2 l 0)-1- ) 1 s. The dimension of F is m s · . 

7,3 , 4 , The transformation function 

The transformation function is sometimes named the time-area transforma

tion func tion, but difficulties in the physical interpretation of the 

recession coefficients, as will be discussed in the following chapter, 

have led to same sceptisism as regards the latter name . 

The effect of the transformation function on the hydrograph is illustra-
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ted in fig. 7,27, where Q represents generated runoff from the upper and the 
g 

lower zones in fig. 7,21 . 

WEIGHT 
Qg Q 

TIME 
0 
~ Bq ~ TIME TIME 

Fig. 7.27. The effect of the transformation function on the generated 

hydrograph . 

Q is distributed on consequtive days according toa triangular function , 
g 

with the base B . B isa variable, which depends on the magnitude of Q 
q q g 

according to : 

B = B - C Q , if (B - C Q ) ~ 1, 
q max route g max ro ute g 

B - 1 i f ( B - C • Q ) < 1, ( 7. 22 ) 
q - ' max route g 

where : 
B 

q 
B 

max 
C 
route 

= base in the triangular function (days), 

= maximum base at low flows (days), 

= free para.meter (days/(m3/s)), 

Qg 
THIE 

= generated runoff from the upper and the lower zones (m3/s)~ 

= 0 is the day on which runoff was generated. 

Thus a var iable transformation function is obtained, which, to some 

degree, may account for the variations of time-of-travel with magnitude 

of runoff. Eq . 7,22 was introduced when the model was applied to the 

Gimdalsbyn catchment, a strongl y damped forested basin with a high percent

age of lakes (Bergström, 1975) . The F2-surface at different values of B 
max 

and C t is shown in fig. 7.28. 
rou e 



C t 0.32 0.29 0.26 0.23 0.20 0.17 0.14 0.11 0 .08 0 . 05 0.02 0.00 rou e 

B 
max 

10 1.10 0.98 

20 0.95 

30 

40 

50 0.9)7 . 12 1.36 1.64 1.96 

'T9 

Fig. 7.28. The response of F2 to B and C t . Gimdalsbyn (1961 - 1969). 
2 max3 2 rou e 

( The dimension of F is (m /s) · 105.) 

A non-variable transformation function is obtained, if C t = 0. As can 
rou e 

be seen from fig. 7 . 28, the introduction of C t improved the model 
rou e 

significantly in the Gimdalsbyn catchment. In some basins with a quicker 

response C t has not been used. rou e 

From the work on the Filefjell catchment (Bergström and Jönsson, 1976 B) 

response surfaces of K and K1 at different B -values and with C t = 0 o q rou e 
are shown in fig. 7.29. Although there is same interaction between K and 

0 

B the latter hasa very distinct optimum at B = 2.0. 
q q 

It is sometimes argued that a more physically based time-area transforma

tion function according to Chezy's formula or similar would be preferable. 

0ne must, however, bear in mind that for proper use of Chezy's formula 

not only the basin slope but a l so the wet perimeter is needed. Otherwise 

the formula will not account for the relation between time of concentra

tion and magnitude of discharge. 
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Fig. 7.29. 

~{ / .... ~- / / / 

·) / 1 200 

K1 ~-
----~,,__ _____ ,,..400 

Bq 
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2 
The response of F to K0 , K1 and Bq_with C t = 0. Filefjell rou e 
(1967 - 1971). (The K- values are relating storage in mm to 

· · I . . 2 . ( 3; ) 2 04 ) discharge in l s. The dimension of F is m s · l . 

It can be discussed, whether the same transformation function should be 

applied to all runoff components. But as long as the physical interpreta

tion of these components is unclear ai1':.. t ~k :·esul ts 2.rE 0_:9 1: i to::.~c-, ctory , 

there is little reason to introduce more complexity than necessary for 

the purpose of the model. There isa possibility, however, that a more 

complex damping function, based on the laws of fluid dynamics,might simp

lify the generalization of parameters and thus be a better approach to 

the problem of ungauged catchments. 

The techniq_ue to damp out the response of one more or less linear reser

voir by a triangular weighing function can sometimes be seen used in the 

opposite way. Dawdy et. al. (1972), for example, obtained the hydrograph 

by the routing of the time- area histogram through a linear reservoir. By 

definition the response is identical with the damping of a generated hyd

rograph, as long as the reservoir is linear. In the stanford IV model 

(Crawford and Linsley, 1966) a method that resembles the one used in the 

HBV-model is described. The authors refer to the method as the "channe l 
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time-delay h istogram" . 

7. 3 . 5. Par_a_meter va_lues of the res:12onse function 

The recession coefficients in the response function are given first 

estimate from plottings of the logarithms of discharge against time 

during a dry period (see chapter 7,3.1). This method, referred toas 

recession analysis, is commonly used when identifying parameters in an 

exponential response function (see, for example, Burnash et. al., 1973, 

or Sugawara et . al., 1974). Applications to the HBV-model were shown by 

Bergström (1972 B), Bergström and Jönsson (1975) and Bergström and Jöns 

son (1976 B). When applying recession analysis to the HBV-model a few 

points should be stressed. 

1 . Due to the linkage between the upper zone and the lower zone, 

the linearity of the upper zone will be distorted and the 

recession analysis will yield only approximate K0 - and ~-values. 

2 . The coefficient of the lower zone , K2 , will be distorted by evapora

tion. Therefore it is advisable to carry out the analysis during a 

winter recession. 

3 , The variable transformation function is another factor which introduces 

uncertainties into the estimates of the recession coefficients. 

Due to the above uncertainties recession analysis must be carried out as 

a first step only and always in combination with visual inspection of the 

hydrographs. Poor estimates of the coefficients will immediately be re 

vealed when comparing ½he computed and the observed recession limbs. 

Analysis of the hydrograph can also be used to give a first estimate of 

C as discussed by Bergström and Jönsson (1975), but the value must 
perc 

generally be adjusted after visual comparison between the computed and the 

observed hydrographs. The same goes for the parameter L in the upper 
UZ 

zone of the response function . 

The part of the lower zone, p , representing lakes, rivers and outflow 
w 

areas, is determined from the map as the lake percentage plus a correc-

tion for swamps and other wet areas . As the work on the applications 

of the model has been going on for several years, these corrections, 



82 

being rather arbitrary, have unfortunately not been roade according toa consequent 

rule. The differences are, however, smal l and of minor importance , as the 

model is rather insensitive to differences inpwas shown by Bergström a nd 

Jönsson (1976 B). Evaporation f r om the wet parts is assumed to occur as 

soon as there are icefree condition s in the lakes. Long term obser vation s 

by Moberg (1967) of ice condition s have been used to determine stan dar d 

dates for each catchment in Sweden, while surface water tempe r ature rec ord-

ings were used in the Filefje l l catchment. 

The remaining parameters in the response function, C and B , a r e 
route max 

found by visual inspection of the hydrographs and the a ccumu lated d iffe -

rence- curve. 

In table 7.13 the paramete rs in the response function are shown tog e the r 

with some characteristics of the catchments. 

Tabl e 7. 13. Response function par amete r s a n d catchment char acterist i cs . 

Catchroent Size Area L C B C 
km2 above 

Pw UZ KO 1S. K2 pe rc max route 
timber- ( %) (mm) (day-1 ) 
line ( %) 

(day-l) (day-l) (mm/day) day (days/(m3/s)) 

Lilla Ti vsjön 12 . 7 0 4 .6 - - - 0. 079 - -1) 
0 

Nol s j ön 18. 2 0 2 . 0 - - 0 . 194 0 . 071 0.5 4 0 
Stabby 6. 4 0 0 , 5 - - 0 .360 0 .137 0 .9 2 ) 

St ormyra 4 . o 0 3 , 0 - - o . 422 0 . 126 o . 8 2 0 
Solmyren 27. 5 0 10 . 0 - - o. o6l l 0 . 0192 ) 0 , 5 3 0 
Gi mdai sbyn 2178 0 15,0 - - 0.033 0 . 014 o . 6 40 0. 23 
Kultsjön 1109 51 7, 0 - - 0 , 335 0 . 0234 1.3 2 0.0103 
Malgomaj 1862 7 12 .0 - 0 . 299 0 , 0399 0 , 6 2 0 
Ströms Vattudal 3851 13 10 . 0 - - 0 , 130 0 , 0336 o . 4 5 0 . 007 
Fil efj ell 154 86 10 , 0 20 o . 394 0. 126 0 . 0281 o.6 2 0 

l ) A time lag of one day was used instead of dampinR i n the HBV-1 model . 
2 ) Poor estimate due to poor performance of the model . 
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When anal y s i n g t aole 7 .13 some relati on be t ween cat c hme nt siz e anci K 
l 

c a n 

be observed for t he small catchments, while for t he larger one s it i s 

more difficult to recogniz e any pattern . K2 shows some relation to the 

catchment size for the whole sample. When relating parameters to the 

wet are a, p , it is important to note that net inflow , according to eq . 
w 

6 . 1, was modelled in the Kultsjön , Malgomaj and Ströms Vattudal catchment s, 

which means that p must be reduced toa rather small figure, as the reser-
w 

voir is representing the major part of the lakes . The only conclusion as 

cancerns lakes is therefore their drastic effect on the recessioL coeffi-

cients, B and C t in the Gimdalsbyn catchment. 
max rou e 

C isa parameter which is surprisingly stable in all catchments. It is 
perc 

also the experience that C causes a minimum of trouble when fitting 
perc 

the model. Due to its small variability it is hard to relate the parameter 

to any of the catchment characteristics presented in table 7.13 or 4.1. 

The distinction i ~ fig . 7 . 21 between generation of runoff and transforma

tion of the hydrograph with a time- area concept was given a critical dis 

cussion by Bergström and Jönsson (1976 B) . The main point was that if the 

concept was true, the recession coefficients would be independent of the 

catchment size, as all areal effects woul d be handled by the time-area 

function . The pattern in table 7 . 13 is rather irregular, but there seems 

to be some increase of the coefficients with very small basi ns, a result sup

ported by a work by Persson (1976) . Instead of firmly sticking to the time

area concept, it might t herefore be less hazardous to regard the response 

function as a wholeness which accounts for the whole conglome rate of runoff 

processes on the ground, in the ground, and down through the system of 

streams , rivers and lakes without any specification of each individual 

process . 

7 . 4 . ComEutational details 

All the computations in the model are carried out on a daily b a sis . Daily 

totals of precipitation or snowmelt are fed into the soil moisture zone, 

and daily totals of discharge are leaving the transformation function . 

In the computor program amounts of water are processed through the d if

f erent procedures in the same order as they are shown in fig . 7 . 1 . In the 

soil moisture zone the separation between contributions to runoff and 

soil mois t ure s t orage shown in fig. 7.13cause d problems due to the non-
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linear character of the function. Therefore precipitation a nd snowmelt are 

fed into this routine mm by mm with subsequent adjustments o f the soil moi s 

ture state. 

In the evaporation routine actual evaporation is estimated from the ar it h

metic mean of the computed soil moisture conditions before and after the 

processing of rain or snowmelt. Actual evaporation is further reduced in 

proportion to the number of elevation zones with snowcover, so that evapo

ration will cease completely, if the entire catchment is modelled as snow

covered. 

In the upper zone C 
perc 

is satisfied before any runoff is computed,and in 

the lower zone the contribution from the upper zone, precipitation and eva-

poration are accounted for before the outflow is computed. Of course it can be 

arguedthat recharge and outflow of the lower zone should be more integrated, 

but, due to the slow response of this zone,the long term effects of recharge 

and evaporation are more important than are thE.ir time of occurrance during one day . 

When distributing the model according to the area- elevation curve of the 

catchment,the position of the lakes is important for the computed volumes 

due to the precipitation lapse parameter, P1 . So far the lakes have 
apse 

been treated as if they were situated in the lowest parts of all the catchments . 

During the work on the variable transformation function it was found 

necessary not to restrict B to integer values, as, particularly at low B -
q q 

values, the switch from one B -value to another caused discontinuities in 
q 

the computed hydrograph. B is therefore allowed to vary continuously 
q 

according to eq . 7 , 22, and the histogram in the damping function is computed 

as the area below a triangle for each specific day, as seen in fig. 7,30. 

WEIGHT " 0.5 -f I \ 
\ 

I 

~\ i1 I 
-r-
I I Q,Q I/ 

I D 
0 2 3 

Fig. 7.30. The transformation function at B = 3.5. 
q 

DAY 



When applying the variable transformation function, great care mus t be 

taken not to violate the principle of conservation of matter. The best way 

was found to be to srJread out the generated runoff, Qg, on the subsequent 

days according to the weights in fig. 7,30 and sum up all contributions 

for each day separately. 

When starting a simulation some assuptions concerning the initial condi

tions of the different storages of the model must be made. In those catc h

ments, where only snowfree conditions were modelled, the soil moisture 

storage was assumed to be filled to its capacity, Fe, as the simulations 

starte d just after the termination of the snowmelt period . In the other 

catchments simulations started in the autumn and the soil moisture storage 

was generally reduced to two thirds of Fe . This assumption may have some 

effect on the snowmelt volumes the fo l lowing spring, a fact that is worth 

considering when analysing the results . Initial values of the upper and 

lower zones can be found quite easily from the recession coefficients and 

some realistic assumptions about the contributions from each zone. Errone

ous initial values in these zones will be detected after the first run and 

can thus be corrected . If the calibration and test aremade in chronologi

cal order, and throughout the year, the above problems are limited to th• 

first year of the calibration period, as for all the consecutive periods 

the conditions can be transferred from the preceeding period. 

The work on the HBV-model was carried out on a SAAB D 22 computer until 

June 1975, when this was rPplaced by a SAAB D 23. If organized in the 

above way with computations on a daily basis, the simulation of one year 

(365 days) requires approximately 16 seconds in the SAAB D 23. The model , 

however, is not larger than that it can be programmed on a modern desk 

calculator, which simplifies the access but increases the time for each 

computation . 



86 

8. APPLICATIONS 

The model has so far been applied toa variety of catchments in Sweden and 

Norway as described in chapter 4. The main purpose has been to test the 

capability of the model to reconstruct a given hydrograph after calibra

tion and to verify its performance as a forecasting tool. The simulation 

of discharge without any calibration, i .e. the application of the model to 

ungauged catchments was touched upon when testing the model in the Filefjell 

basin (Bergström and Jönsson, 1976 B). The results looked promising but 

more experience wil l be needed before this can be made on a routine basis. 

8 .1. Reconstruction of the hydrograph 

In appendix 1 a sample of simulated hydrographs is shown together with 

recorded discharge.The time periods used in the applications to Gimdals-

byn, Kultsjön, Malgomaj and Ströms Vattudal are beginning on the first of Octo

ber and ending on the 30th of September in order to avoid carry over 

effects due to snow storage. For the same reason the simulations in Filefjell 

start on the first of September. Among all test catchments Solmyren 

stands out as difficult to model (fig. A 13) having poor representation of 

the recession limbs. The response function of the HBV-2 model is evident-

ly too simple for this complex hydrograph. A study of the hydrological 

conditions of the different subcatchments in Solmyren carried out by 

Häggström, Jansson, Runesson and Simonides (1972) showed that the runoff 

characteristics are highly variable, which results in a hydrograph with 

several runoff components. 

In same of the small catchments, the model tends to overestimate the run

off in autumn (for example fig. A 4 , A 5 and A 9 ), a problem which 

might be caused by the crude soil moisture accounting procedure,but eva

porat ion data as a source of error cannot be neglected. 

The independent test period in the Gimdalsbyn catchment (fig. A 16) s hows 

a flood in summer, which is poorly modelled. No explanation for this has 

been found but poor parameter estimates cannot be excluded, as no counter

part to this flood occurred in any of the summer periods used for calibra

tion. 
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The plott ings from Kultsj ön, Mal gomaj, Ströms Vat tudal and Filefjell are 

showing the conditions in the different parts of the model during the 

simulation as graphs of snowpack, snowcovered area, yield from the snow 

routine, soil moisture storage and evaporation (fig. Al7 - A 21). In the three 

catchment s of Kultsjön , Malgomaj and Ströms Vattudal the model was 

applied for operational purposes . Therefore a rather low density of meteoro-

logical stations and poor runoff data had to be accepted. Particularly 

the Malgomaj catchment is poorly covered (Bergström and Jönsspn 1976 A), 

which is ref1:ected in the performance of the model (fig . A 18) . 

The QUestion of how large catchments we can model with 0ne model structure is 

of vital importance if our aim is to develop a modelwhich is easy to 

handle and simple to calibrate. The application of the HBV-2 version to 

the Kultsjön and Malgomaj catchments created the opportunity to study 

this problem (Bergström and Jönsson , 1976 A) . The model was therefore re-

calibrated fo r the entire catchment area as one model with identical 

meteorological stations as when calibrating the two catchments separately. 

It was found that the HBV-3 version gave the best results, as a third 

runoff component was detected . The results, compared to those obtained 

after the calibration and the test of each catchment separately, are shown 

in table 8 . 1 . 

Table 8.1 . Comparisons between the ~pplication of one model and two 

in6tle1s to the Kultsjön and Malgomaj catchments . Independent 

test periods underlined. 

R2 

1962 - 1966 1966 - 1970 1970 - 1974 

One model o . 8184 0.8701 o . 8648 

Two models o . 8436 0 . 8796 o . 8834 

The results in terms of R2-values in table 8 . 1 are in agreement with the 

impressionsfrom visual inspection of the hydrographs . They are interes

ting as they show that we can extract more information and thus obtain a 

better model if we have the possibility to split the catchment inta sub

catchments . The independent test period for the separated application is 

shown in appendix 1, fig . A 19 . 
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8.1. l. .R2- values 

') 

A summary of the result s in al l test cat,c hment s expre ssed as R'-- - values 

according to eQ. 5,3 is shown in table d . 2 ,As dis cussed in chapter 5.1 . 1 
' 

this can be a misleading criterion of fit, especially if the 

period is short and the climatic variabili t y i s high. This is the s i tuation 

i n some of the small catchment s , r esult ing in highly variable and sometime s 

discouraging R2- values (for example Stabby 1959 and 1963 , Stor myra 1964) . 

2 
Table 8.2. Results from the test catchments, expressed as R - values . 

Catchment Period Calibrat ion Test R2 

Lilla Tivsjön 1969 X 0.98 

1968 X 0.84 

1967 X 0 . 97 

Nol sjön 19'Tl X 0 . 81 

1970 X 0.91 

1 969 X 0.97 

1968 X 0.90 

1967 X o.88 

Stabby 1959 X - o.64 

1960 X 0,93 

1961 X 0.80 

1962 X 0.76 

1963 X - 0.90 

1964 X 0.84 

1965 X 0,93 

1966 X o.64 

1967 X 0.62 

Stormyra 1963 X 0.87 

1964 X - 0 . 24 

1965 X 0.77 

1966 X 0.63 

1967 X 0.61 

1968 X 0.10 

1969 X o.42 

Solrnyren 1 971 X 0.91 

1970 X 0.80 

1969 X 0. 73 



Catchment :?eriod Cali bration Test R2 

Gimdalsbyn 1961-65 X o. 86 

1965-69 X 0.91 

1969-73 X o.86 

Kultsjön 1962-66 X 0.80 

1966-70 X 0.87 

1970-74 X o.84 

1974-75 X 0.89 

Malgomaj 1962-66 X 0.79 

1966-70 X o.83 

1970-74 X 0.79 

Kultsjön+ 1962- 66 X o. 84 
Malgomaj 1966-70 X o.88 

1970-74 X 0. 88 

Ströms 1962-66 X 0. 84 
Vattudal 1966-70 0.88 X 

1970-74 X 0.88 

Ströms 1962- 66 X 0. 84 
Vattudal 1966- 70 0. 90 X 

1970- 74 X 0.83 

1974-75 X 0.91 

Filefjell 1967-71 X 0.88 

1971-74 X o.86 

8. 1 .2 . Scatter diagrams of peak flows 

A scatter diagram of peak flows isa plotting of computed peak 

flows against observed peak flows as described in chapter 5.1.3. 

Such diagrams have been constructed for independent test 

periods in the Kultsjön, Malgomaj, Ströms Vattudal and Filefjell 

catchments. In Gimdalsbyn the total period for calibration and 

test of the model was used in order to increase the sample size. 

Only fairly di s tinct peaks have been analyse~ and minor timing 

errorsbetween the computed and observed dischargES have been ig

nored. The results are presented in f ig . 8.1. 

39 



90 

0c(m3/s) 1' 

160 
I 

120~ 

BO-I 

40 

0 

Qc(m3/s) 

400 

320 

240 

160 

80 

0 

. . 

GIMDALSBYN ( 1961-1973) 

/ . 
✓ . . . 

./ 

' I 

40 80 120 160 

KULTSJÖN r 1970-197 4) 

. . . .. 
/: 

-~:•/· . /· .. 

200 
r 

0 f i i i i i I I I I I ) 

Qr(m3/s) 

0 80 160 240 320 L.00 Qr( m3/s) 

Q (m3/s} 
C 4QQ 

MALGOMAJ ( 1970-1974) 

320 

240 

160 . 
/ . 

80---l .... /' . . . 
0 f I i i I i I I I I I ) 

0 80 160 240 320 400 Q (m3/s} 
r 

. 



Q (m3/s) 
C 800 

640 

480 

320 

160 

MALGOMAJ+KULTSJÖN ( 1970-1974) 

.. .. . ' . . .. .. . . /. . 
: -~,i: • 

0 f i I I I i i I i I I ) 
0 160 320 480 640 800 Qr(m3/s) 

Q (m3/s) 
C 

480 

360 

240 

120 

STRÖMS VATTUDAL( 1970-1974) 

i ) 3 0 r i i I i i 1 1 °" (m /5) 0 120 240 360 480 

Qc(m3/s) 

50 

40 

30 

20 

fO 

FILEFJELL (1971-1974) 

• • f • 

i I ) 3 0 f . i i i i i I ' I Q (m '/S) 
r 0 10 20 30 40 50 
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Two catchments, Malgomaj and Filefjell, are standing out as difficult to 

model as far as flood peaks are concerned. In the Filefjell catchment the 

model underestimates high peaks while in Malgomaj the bias is less pro

nounced. 

8.1.3. Flow duration curves 

A flow duration curve isa graphical representation of the cumulative rela

tive frequency of runoff. Such curves have been established and compared 

for the computed and observed hydrographs in the Kultsjön, Malgomaj, Ströms 

Vattudal and Filefjell catchments. Only independent test periods have been 

analysed. They are shown in fig. 8.2. 

It is interesting to analyse the flow duration curves, the scatter diagrams 

and the plotted hydrographs simultaneously. The agreement between the flow 

duration curves look very good for Mal gomaj and Ströms Vattudal, which, 

particularly for Malgomaj, is in conflict with the conclusion when analysing 

the scatter diagrams. It is obvious that the analysis of flow du ration curves 

requires careful attention, if conclusions concerning high flows are to be 

drawn. A combination of flow duration curves and scatter diagrams of peak 

flows is preferable. A further observation is that all graphs show a slight 

bias on the low side at low flows, which is worth attention in future appli

cations. 

Neither scatter diagramsnor flow duration curves have been used when calib

ratiug the model. In future work they will, however, be incorporated i n the 

calibration process, as they have proved to give valuable additional infor

mation about the performance of the model and as they are very easy to analyse. 
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8.2. Hydrological forecasting 

Hydrological forecasting means the utilization of hydr ological a nd 

meteorological information for the prediction of future di scharge of 

a river . One way of doing this is by means of a conceptual runoff 

mode l, historical climate series anda weather forecast as indicated 

in fig . 8.3. 

CONCEPTUAL 

MODEL 

SNOW 

CONDIT IONS 

SO IL 

CONDI TIO NS 

RESPONSE 
FUNCTION 

, 
\ , 
-

j 

CLlMATE 
RECORD5 

... ~ 

HYDROLOGlCAL 

FORECAST 
.,. 
' 

METEOROLOGlCAL 

FOR'ECAST 

Fig . 8.3. The main factors in a hydrological forecast. 

The conceptual model is accounting for the memories and dynamics of 

the hydrological system and is thus restricting the possible effects 

of future meteorological conditions . The historical meteorological 

series can be used for long or short range forecasts by the simula

tion of possible alternative outcomes. Weather forecasts can be used 

for short range hydrological forecasts, i.e. in Sweden five days or 

less, or for the simulation of the fi rst days of a long range forecast. 

The relative importance of each factor in fig. 8.3 is h i ghly variable 

from catchment to cathment and from season to season. If a catchment 

hasa damped response, such as in the Gimdalsbyn catchment, the po

tential for a successful forecast is good, as visualized in fig. 8.4. 

which gives the results by the HBV-model run with four different climate 

series starting from identical initial conditions. 
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Fig. 8. 4. Hydrograph response to uifferent meteorological conditions 1n a 

damped catchment. Gimdalsbyn (1970). 

The dynamics of the response function was the dominating factor, and there 

fore the different meteorological conditions bad little effect on the hydro

graph until the springflood bad passed. 

The opposite situat ion, in the Ströms Vattudal catchment, is illust rated 

in fig. 8.5. The same procedure as above was repeated, but the meteorolo

gical conditions strongly effected the shape of the springflood. In the 

latter case the importance of the meteorological forecast is obvious, but 

the accumulated snowpack is stilla limiting factor. 

Fig. 8.4 i s an indication of the importance of correct initial condition s 

1n the different components of the model as they may have a dominating 

influenc e on the future computed hydrograph. Therefore, before going any 

further into forecasting procedures, the problem of adjustments of these 

conditions will be discussed. 



Q(m3/s) 

360 

240 

120 

r, 
I \ , \ 

IJ \i-., 
I f'-.. 
I :·, . \ • 

. ' : I . 
I ~I : : ~ I'. 
liJl: 1,.-_ 
I i ~ :; ·\: . :· ~ !': Il ;I . . : . ,• ,. 
11 :I . . 

'i :i ,· !\ . ;· I i. ,!m·!i,i: 
I! : i I i: I • • • •• 
I. : I \ 1· I.. . 
. ! I 
" : i , 
~ ; i . i . ,,. 

I . . I 
I• 
. ' I· . ) 

\\ 

'\\'-1: )/ i: :. 
i :... · .. 

\ i 
w ... 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ I 
'....t 

----- 1963 
-·-·-·-·- 1964 

1965 
................ 1966 

----OBS ERV ED 1970 

. /'·_.·· .. 
,_. :'\ 

.. . . 

O I I june I july I aug. , I may 

Fig. 8.5. Hydrograph response to different meteorological conditions in 

a weakly damped catchment (Ströms Vattudal, 1970). 

8.2.1. Updating 

n 

If the forecast is initiated with erroneous discharge values, that is with 

improper state in the response function, the persistance will cause syste

matic errors in the forecast fora period of timewhich is depending on the 

characteristics of the hydrograph. If the snowmelt routine has overestimated 

the melt fora part of the snowmelt season, the remaining period is like

ly to be underestimated as the snow budget is biased. Furthermore, if the 
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model has overestimated a r ainfl oon because of poor precipi t ati on data, the ne x t 

floo d i s like l y t o be o ve r estimated, too , due ~o improper condi tions i n the soil 

moi s ture zone . ~he upda~ing r outine isa means by which erroneous model c on

dition s are corrected in o r de r to avoi d errors o f the above type. One can say 

that knowledge of the obse r ved discharge i s u sed to adjust the memories of 

the conceptual model ( fig . 8.3) in order t o improve its future performance .. 

When updat i ng the model the possibilities to adjus t the fre e parameters i n 

the model are s mall, as these have been found through calibration over a 

long period and shall be r e Earded as time- i nvariant for each specific 

catchrnent. The adjustment of the conditions in the response function isa more 

tempting possibility, as we can figure out, fairly well, the corrections 

needed by looking at the recession coefficients. The method has its drawback, 

however, in the fact that the deviation might be caused by errors in preci

pitation or in the snowmelt routine thus effecting the snowi:iack and the soil 

moisture storage as well. 

The simplest and safest way is to assume that all the errors originate from 

the input, pre cipitation, temperature or evaporation. Automatic methods to 

correct these have been sought when working on the HBV- model, but again a 

quas i - automatic met llod with visual i n spection as an import ant source ofin

formation has been considered the best way to solve the problem. Simultane

ous inspections of the hydrographs, t~e records of temperature and precipi

tation together with computed snowpack are used in the search for the cause 

of the deviation and the p eriod during which to cor rect the data. Once this 

is determined, the model is repeatedl y restarted from a given date with an 

automatic routine adjusting the data in small steps until an acceptable 

agreement is obtained. If the initial discharge value is the main problem, 

the deviation on this single day can be used as criterion of fit. If, for 

example, during a snowmelt period, we want to delete an erroneous peak in 
2 . 

order to correct the snowpack, the R - value can be used in the search for 

the best corrections. 

An example of updating in the Gimdalsbyn catchment is shown in fig. 8.6. 

The springflood was overestimated, which was corrected by reduction of the 

precipitation for some period during snow accumulation. The timing of the 

flood was finally co r rected slightly by adjustments of the temperature values. 
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Fig. 8.6. Example of updating (Gimdalsbyn, 1970). 

8 . 2.2. Short range forecasting 

Short range forecasts were carried out with the HBV-model as a case 

--! C, 

study in the Kultsjön catchment (Bergström and Jönsson, 1976 A). Input to 

the model were forecasted temperature and precipitation values obtained 

from a barotropic meteorological model at the SMHI. This model delivers 

forecasts of five days' duration fora number of meteorological stations 

in Sweden. Unfortunately the network is not very dense, and the coverage 

of Kultsjön is rather poor. The case study was based on meteorological 

forecasts in Storlien about 250 km from the Kultsjön catchment. The tempe

ratur values were corrected by a long term relation between Storlien and 

Klimpfjäll, the temperature station in the Kultsjön catchment. No such 

correction was carried out for the precipitation values, but this would 

have been more appropriate, as the average catch in Storlien is higher 

than that of the stat,ions used in the application to the Kultsjön catch

ment . 

The springflood in 1975 and an extreme flood in September the same year 

were subjects to the investigation. The results from sequences of forecasts 
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Fig. 8.7. Short range forecasts of inflow to the Kultsjön reservoir in 

the spring of 1975, (Computed snowpack in water equivalents.) 
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are presented in fig. 8.7 and 8 . 8. The springflood was predicted fairly 

well as long as snowmelt was dominating, while uncertain pre cipitation 

forecasts caused problems for both periods. The long distance to the mete 

orological station, on which the forecasts were based, make s the precipita

tion values very uncertain. In these appli c ations they woul d h ardly be any 

bette r with a correction factor, accounting for the systematic deviations 

in catch. The temperature :1as a much more favourable spatial correlation 

pattern and is thus easier to forecast . When analysing the results it 

must be born in mind that the Kultsjön catchment is an extreme one because 

of its quick response. Therefore the forecasts are very susceptible to 

the meteorological input and the support by the dynamics of the response 

function is small. 

More experience with short range forecasting will be gained in the future, 

as the model will be used operationally for this purpose, beginning in the 

spring of 1976. Particularly the calibration of the meteorological fore

casting procedures to appropriate meteorological stations have to be con

sidered. 

8.2.3. Long range forecast i ng 

Long range forecasting can be carried out along the lines touched upon in 

fig. 8.4 and 8.5. If the model is updated and run with alternative climate 

series, an array of outcomes can be obtained for further analysis. This 

method was applied by Danielsson and Wretborn (1975) and was used in the 

first tentative long range forecasts by the HBV- model in 1975 (Bergström 

and Jönsson, 1976 A). In the winter of 1976 the method was taken into ope

ration for the prediction of springflood volumes in the Ströms Vattudal and 

Kultsjön catchments. 

An example of a long range forecast, issued on the 1st of March and stretch

rng to the 31st of July , is shown in fig. 8. 9. Meteorological data from 

the corresponding period of the years 1962 - 1975 were used. The extreme 

low curve isa simulation with temperatures according to the year 1975 and 

with zero precipitation in order to arrive at 2. lower boundry. 
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Fig. 8.9. Long range forecast of inflow to the Ströms Vattudal reservoir 

in 1976. 

A forecast of the above tYJ)e can be of good help when operatinga reser

voir, but the outer limits must be treated with care. If, fora moment, 

we neglect the effect of poor model performanc.e and erroneous data for 

the forecasted period, two principle sources of uncertainty have to be . 

considered in the forecast. 0ne is the climatic variability, which is 

well reflected in the distributions of outcomes from the simulations. 

Another effect is the one of biased initial conditions in the model, 

which cannot be detected by analysis of the outcomes. If, for example, 

the snowpack is overestimated in the model on the date when the forecast 

is issued, all t:,e simulations will suffer from this. The establishment of 

confidence limits on the outcome is not an easy task and has not been 

attempted except for the determination of upper and lower extremes, based 

on the sample of simulated volumes. 

An investigation of the reliability of the above long range forecasting 

:;:~·2.::22·.::·2 ___ ::"'.e Ströms Vattudal catchment is shown in table 8. 3. Data 

from 1 962 ~o 1974, excluding the year subject to forecasting, were used 

for the establ ishment of the average and extreme outcomes over different 

periods. From the table can be seen that the observed outcomes are excee

ding the high extremes for all periods in 1972 and are falling below the 

low extreme for one period in 1974. The poor results in 1972 are easier 

understood, if fig. A 20 in appendix l is studied. The wet period in July 

is somewhat extreme and had no counterpart during the same periods of the 

other years. This wet period has been included in the forecasts for the 

other years and also in the forecast in 1976 (fig . 8.9). 
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Table 8 . 3. Results from forecasts with the HBV-model in Ströms Vattudal, 

based on eleven years of meteorological data . 

HBV-2 Observed outcome 

ZQ(m3/s) 3 ZQ(m /s) 

Period high mean low 

1971 

l. 2 . - 31. 7. 15 800 12 960 10 250 15 570 

l. 3. - 31. 7. 17 620 14 210 11 580 14 860 

l. 4. - 31. 7. 16 560 13 640 10 770 14 540 

l. 5. - 31. 7. 16 280 13 410 11 320 14 030 

16. 5. - 31. 7, 14 290 10 650 8 330 11 130 

l. 6. - 31. 7, 9,690 7.020 5 64c 6 680 

1972 

l. 2. - 31. 7. 17 450 14 470 11 740 18 530 

l. 3, - 31. 7, 15 370 13 110 10 630 18 450 

1.4. - 31. 7 . 1 5 560 13 240 10 490 18 070 

l. 5. - 31. 7. 13 870 12 460 10 550 17 110 

16. 5 . - 31. 7. 11 030 9 490 7 390 17 810 

1.6. - 31. 7. 7 800 6 110 4 880 10 420 

1973 

l. 2. - 31. 7. 15 470 12 480 9 780 15 400 

l. 3. - 31. 7. 16 340 12 960 10 380 14 650 

l. 4 . - 31. 7. 14 600 11 540 8 710 13 680 

l. 5. - 31. 7. 14 420 12 060 9 450 12 460 

16. 5. - 31. 7. 14 900 11 270 9 000 11 050 

l. 6. - 31. 7, 10 360 7 780 6 280 7 150 

1974 

l. 2. - 31. 7. 20 630 17 920 14 630 14 980 

1. 3. - 31. 7. 21 200 17 990 15 120 14 490 

l. 4. - 31. 7, 18 610 15 810 12 690 14 260 

1. 5. - 31. 7. 14 740 12 080 9 940 11 750 

16. 5. - 31. 7, 12 600 9 040 6 740 9 420 

1. 6. - 31. 7 , 6 770 4 240 2 990 6 140 
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A very tempting approach to long range hydrological forecasting is the use 

of stochastic models for the generation of meteorological data to the model. 

Stochastic generation of temperature and precipitation is, however, a comp

lex problem due to the involved correlation pattern between the two variab

les, and no such method is, according to the author's knowledge, at present 

in operational use. 

8.2.4. Operational systems 

In the spring of 1976 the HBV- model was entering an operational phase. A 

system for direct on-line operation of the model for the reservoirs in 

Kultsjön, Malgomaj and Ströms Vattudal was being developed by the Kraft

data AB in cooperation with the river regulation company (Ångermanälvens 

Vattenregleringsfö retag) and the SMHI. Forecasts were also issued directly 

by the SMHI. 

The rapid transmiss ion and processing of field data is of vital importance 

in hydrological forecasting. This can actually be an argument for restric

tions in the model on the demands of input data. So far the model is opera

ted with manned meteorological stations, reporting the most recent data by 

telephone. In the future more emphasis has to be put on this problem, at 

least if automatic stations in remote areas are incorporated in the work, 

and if the number of forecasts per day is increasing . 

Operational systems also require good access to computer and practical 

routines for updating and forecasting. Particularly the updating procedure 

requires a system with some built-in safety functions, as the observed 

field data will be manipulated. When running the model operationally it 

may be convenient to save data on the internal variables, i.e. the condi

tions in the model, at some intervals in order to be prepared for restarts 

in the updating procedure. 
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9. CONCLUSIONS 

A very general but important conclusion from the work on conceptual run

off models at the SMHI is that the simulation of river flow from meteoro

logical data can be made with surprisingly simple models. Detailed sub

routines, which may be justified by field measurements, can often be great

ly simplifie~when incorporated into a runoff model,without any degenera

tion of the model performance. 

The HBV-2 and HBV-3 versions of the HBV~model have proved to be capable of 

reconstruction of a hydrograph from data of precipitation, temperature and 

potential evaporation in several test catchments, if the parameters of the 

model are adjusted during a calibration period . Genera~ization of these 

parameters isa difficult problem due to interactions and implicit correc 

tions.More experience is therefore needed before the HBV-model can be 

applied to ungauged catchments. 

The model can also be used for hydrological forecasting. The performance 

of the model for this purpose is increased, if a reliable updating routine 

is incorporated for adjustments of the initial conditions of the mode l before 

performing the forecast. Meteorological forecasts and recorded climatic 

series can be used in short range and long range hydrological forecasts. 

The model has not been used for predictions of the effects of future physical 

changes in a catchment. As long as the physical interpretation of some of 

the components of the structure is unclear , the only approach to this 

problem are empirical relations between parameters and catchment charac

teristics which requires a lot more experience of applications to catch

ments of different types. 

Proper assessment of the parameters of the model is of outmost importance 

for its performance. A good model with a potential for close reconstruction 

of discharge will be of little value, if it is poorly calibrated. The many 

aspects on a good agreement between a computed hydrograph and an observed 

one make the use of automatic calibration anda single numerical verifi

cation criterionquestionable. The calibration procedure is therefore still 

a rather subjective process . 
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The model has oeen used for operational hydrological forecasting si nce the 

spring of 1976. Future work will probably be concentrated bot h on the de 

velopment of better forecasting procedures and more efficient systems for 

data collection, updating and forecasting. The model will also be applied to some 

other catchments for operational purposes. At present work is in progres s on 

three catchments of the river Västerdalälven, the river Stora Luleälv and 

the river Ljusnan. 
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LIST OF SYMBOLS 

ACC. DIFF. 

EVP 

MELT 

p 

SM 

SNOWCOV 

SP 

TEMP 

Q 

accwnulated difference between the computed and 
the observed hydrogrnphs. 
computed actual evaporation. 

yield from the snow routine (including rainfall 

when the grcund is partly snowcovered). 

recorded precipitation, areal means. 

computed soil moisture storage . 

computed snow covered area. 

computed average snowpack. 

recorded temperature, areal means. 

computed and recorded discharge. 



ACC.DI FF. (l/ s) 
3000 

2000 

1000 

L.TIVSJÖN NEDRE 1969 

I = ~ 0 ---= ...,..___..., 

- 1000 

- 2000 

- 3000 
a (L/ldo 

400 

2 DO 

OBSERVED HYDROGRAPH 
-if-- COMPUTED MYDROGRAPH 

ol '-: ~- ,.1 J 

P (mm) 
30 

20 

1 0 I J J ,Il, J H1u, I 11 I l ,U I, , Il ., 11 I Il j " ] I 
0 I I 1 . . I I OCT NOV APR MAY 

Fig. A 1 . Fi tted peri od in the Lilla Tivsjön catchment . 

ACC. DIFF. (L/s) 

3000 

2000 

1000 

L. T IVSJÖN NEDRE 1968 

01-----------'---------------------------j 

-1000 

- 2000 

- 3000 
Q ( l /s) 

600 

400 

200 

0 BSERVED HYDROGRAPI-I 

COMPUTED HYDROGRAPH 

ol ~ ,cC')6,.. ,,,.., r.::::::r I 

p (mm) 

30 

20 

1 
O I 1 /, / 11/ , I 11,. j , I/ I I I II J,, 1 111 // I I / I 
0 1 1 JUL APR MAY JUN AU~ NQV 

Fig. A 2. Test period in the Lilla Tivsjön catchment. 

111 



112 

L. TIVSJÖN NEDRE 1967 
ACC. Dl FF. ( L/s) 

3000 

2000 

1000 

0+-----------:>,r:>"";...._------ ---------------~ 
-1000 

-2000 

-3000 

Q.(l/s) 
1200 

100 0 

800 

600 

400 

200 

OBSERVED HYDROGRAPH 

---M-- COMPUTED HYDRO,RAPH 

0 1 .....__, ~ ,.. ~ ss af'::: I 

P (mm) 

30 

20 

10 
0 I 111 11,1 I u,I , , , I, 1111,1 , 1 J I I I dl I JI I! .IJ1,1, I ,I , 1,,, I 

APR I MAY I JUN I J UL I A UG I SEP I OCT I NOV 

Fig . A 3 , Test period in the Lilla Tivsjön catchment . 



ACC.DIFF. (L/s) 
3000 

2000 

1000 

NOLSJÖN NEDRE 1971 

0 t-----........,;::------ -------------..,,.-=---------1 

-1000 

-2000 

-3000 

Q ( L/s) 

400 

200 

OBSERVED HYDROGRAPH 

~ COMPUT ED HYDROGRAPH 

ol P(~r~~) _____ ___:::---,.._~~~~_,.,,~{:l":-~'¾-~______..!::::::'.:'.'.:~~---~---.,,-:::::::::_-=.==----__JI 

2ot 
: 

0
1 APR 011 M1AY Il I 1JU~i' I J'u 0L 111d

/
11111 0Å1uG ") 1SE0P 1 

"( 
10C1T1 I ~ov I 

Fig. A 4. Fitt ed period in the Nolsjön catchment . 

ACC.01 FF. ( l/s) 

3000 

2000 

1000 

NOLSJÖN NEDRE 1970 

~ 
0r-----......,...------------------,::-..-~--------1 

- 1000 

- 2000 

- 3000 

0. (L/s) 
OBSERVED HYDROGRAPH 

~ COMPUTED HYDROGRAPH 

400 

200 

o I --,., 
P(mm) , ~ ~ 

60 I 

40 

20 

0 I I Il• t' h "i" ttr't • llt tttt I I• l•I •tt I' ttttttl r Il oc~i I NOV I 
APR 

Fig. A 5. Fitted period in the Nolsjön catchment. 

113 



ll4 

ACC.DIFF.(l/s) NOLSJÖN NEDRE 1969 
3000 

2000 

1000 

0 

-1000 

- 2000 

- 3000 
Q.(l/s) OBSERVED HYOROI. RAPH 

600 
~ COMPUTED HYDROI.RAPH 

400 

200 

0 

P (mm) 

40 

20 

o. 
Af'R_ JUN NOV 

Fig. A 6. Test period i n the Nol sjön catchment. 

ACC.DIFF.(l/5) NOLSJÖN NEDRE 1968 
3000 

20 00 

100 0 

0 

- 1000 

- 2000 

- 3000 

OBSERVED HYDROGRAPH 
Q (l/s) ~ COMPUTED HYDROGRAPH 

400 

200 

0 

P (mm) 

40f 
20 

.t APR NOV 

Fig. A 7. Test period in the Nol sjön catchment. 



ACC.DIFF. (l/s) 

6000 

4000 

2000 

0 

- 2000 

Q ( l/ s) 

1200 

10 0 D 

800 

600 

400 

200 

0 

P (mm) 

r 
40 

20 

0 
APR 

NOLSJÖN NEDRE 1967 

OBSERVED HVDROGRAPH 

---,c-- COMPUTED HVDROGRAPH 

JUL 

Fig. A 8. Test period in the Nolsjön catchment . 

11'5 

NOV 



ll6 

STA88Y 1959 

ACC. DIFF. {l/s) 

2000 

or-----======================7"'=-----1 
-2000 

0.. {l/s) 

400 

200 

0BSERVED HYDR0GRAPH 

-lf- COMPUTED HYDR0GRAPH 

0 I :,,- ,_ It )( M )( 'I( )( )( )( M )( X 'K )( ~ )( K l< ,.., - 1 

P {mm) 
40 

20 

11Ltblll ■I ~ 111 I I d f , I I Il I i - - -·. I I t la Il• Il 1 ' 1 1 0 · 1 JUL APR JUN AU'7 

Fig. A 9. Fitted period in the Stabby catcbment. 

STABBY 1960 

ACC. DIFF. (l /s) 

2000 

0 t--------------~---------------t 

- 2000 

Q {l/s) -- 0BSERVED HYDROGRAPH 

400~ ~ COMPUTED HYDR0GRAPH 

200 

0 

P(m m) 

40 

20 

0, 
API' I MAY I JUN I JUL I AUG I SEP l 0CT I N0V 

Fig. A 10 . Fitted period in the Stabby catchment. 
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A=P=P=E=N=D=I=X===2 

SOME ASPECTS ON THE INTERPRETATION OF THE RESPONSE SURFACES 

The main purpose of the studies of the response surfaces has been to 

trace interacting or insignificant parameters. For the determination of 

interacting parameters a qualitative ~nalysis of the response surfaces 

is sufficient while the classification of a parameter as insignificant, 

or incative, requires some measure of the sensitivity of the model, or 
2 . . . . 

more correct, the F -criterion . When studying several parameters slmul-

taneously in a catchment their relative importance will very soon be 
. . . . 2 

clear by the density of the isolines when drawing the maµ;of the F -topo-
. . . . . . . 2 

graphy , but without this possibility for internal comparisons the F 

criterion might be difficult to interpret. Therefore some convenient 

transformations are presented below . 

. 2 . 
With F as the sum of squares of the residuals between the computed and 

the recorded discharge the mean error, o, can be expressed as: 

1f"F o = ~ n , (A l) 

where: 

n = the number of values for the computation of F2 • 

If a change of the parameters is causingachange, 6F2 , of the sum of 

squares criterion, the corresponding change of the mean error, 60, will 

be : 

60 = o. (w2 + 6F2 2 - 1) 
F 

(A 2) 

A convenient rule when analysing the response surfaces is that a 10 % 
change of F2 results in a 4. 88 % change of o . 

Values of n, o and F2 at fitted parameter values for the cathcments sub

jects to studies of the response surf1ices are shown in table A 1 . 
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Table A 1. Estimations of the mean e'rror.3 at fi tted parameter values. 

Catchment Period F2 n (davs) 0 

Filefjell l) 1967 - 1911 1.0157 ·104(m3/s)2 1458 3 2. 64 m /s 
. 2) Gimdalsbyn 1961 - 1969 0.74 •105 (m3/sJ2 2826 3 5.10 m /s 

Stabby 1959, 1960 , 1961 64 ·l0 4 (1/s) 2 635 10.07 1 /s 

l) · 0 l 2 . . l d In fig. 7,9 and 7.1 the va ue of F is slightly ower ue toa 

minor correction of the computer program when analysing the area

elevation lapse parameters. 

2) Fig. 7,15 shows a study carried out before the calibration was 
. 2 5 3 2 completed. The optimum value of F = 0.77 · 10 (m /s) . 

Another possibility, when analysing the response surfaces, is to transform 
2 2 . . 

the F -values to R -values according to eQ. 5,3. Such a transformation, 

valid for the Filefjell catchment for the period 1967 - 1971 is shown in 

table A 2. 

No such transformation has been carried out for the Gimdalsbyn or Stabby 

catchments, as it reQuires the joint total initial variance for the periods, 

a QUantity which~ unfortunately, was not evaluated when working on these 

catchments. 

. 2 . 2 . 
Table A 2. Transformations from F -values to R -value s valid for the 

Filefjell catchment 1967 - 1971 . 

F2 · 10-4 R2 
--

0.85 0.8978 

0.90 0.8917 

0.95 0.8857 

1.00 0.8797 

1.05 0.8737 

1.10 0. 8677 

1.15 0.8617 

1.20 0.8557 
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