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THE APPLICA ~ ION OF TBE HBV RUNOFF 
MODEL TO THE FILEFJELL RESEARCH 

BAS IN 
•--••==amma-.a==•=•=m~=•=•~=a=•n••m~=c,:::;=•=maa maa••=•~a•••e:una .... ga 

liCKGROUND 

In 1975 the work with oonceptual runoff models at the Swedish 
Meteorolobica.l and Hydrologioal Institute came into a new phaee 
as the BBV-2 model was applied to the local inflow toa few 
reeervoirs in northern Sweden (Bergström and Jönsson 1975, 
1976). Along with this work the need for better data for the 
verification of the different aseu.mptions in the enowroutine was 
strongly falt. Therefore the performance of the model has now 
been studied in the Filefjell Representative Ba.sin in No~ in 
cooperation with the Norwegian Water Resources and Electrioity 
Board, who provided the data and other neoeasary information 
about the catchment. 

Tbie work can be looked upon as a contribution toa joint Nordic 
IHP collaboration project. The results might also be of interest 
for the proposed Regional IHP Projeot on Northern Research Basin& 
and to the propoeed WMO Project on Intercompa.rison of Conceptua..1 
Snowmel t M.odels. 

In the future the results from a large epectrwn of catcbments 
with different physigraphic eettings will increase the possibili­
ties to appl y the model to rivers, wher e streamflow data are 
missing. 

The investigation was carried out in three eteps. 

1. The HBV-2 model was firat run with parameters obtained 
from the m.a.p and experience in other catchments without 
ana.J.ysing the reoorded bydrograph in the Filefjell Basin. 

2. The model was calibra.ted, modified and calibra.ted aga.in 
until an acceptabla agreement wae aohieved between the 
observed and computed bydrographs. 

3. The fitted model, in thie case two different models, was 
teeted on an independent set of data. 

4. An extensiva study of the error function was ce.rried out 
to investigate the response of the model to perturba.ti.ons 
of two or thTee parameter s simultaneously. 

MODEL STRUCTU:RE 

The struoture of the basic HBV-2 model has been desoribed by 
Bergström and Forsman (1973) and the snowmelt r outine by Berg­
ström (1975) and Bergström and Jönsson (1975). A echematic 
picture of the model is shown in fig. 1 . 
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Fig. 1. The etruotu:re and time-area transformation of the :a:BV-2 
model, 

The variable time-area transformation procedure dieoussed by 
:Bergström (1975) bas not been used .in this work dua to the very 
short time of concentration in the catohment. 

The snowmelt rmitine ie easentiallf a degree-de.y approa.ch 'With a. 
melt rate according to equation (1). 

M = C
0

(1 + Ceff •·!M) (T - T
0

) (1) 

whe:re 
M"' snowmelt in mm 

C • initial degree-day faotor 
0 

Ceff = rate of inorease of the degree-da.;y fa.ctor 

T = meon daily temperatu.re 
T ~ threehold value of the temperature 

0 

In order to aocount for the distribution of the enoypack oaused 
by the altitude :ra:nge in tbe oatchment the snowroutine is devidec 
into ten elevation bands and the temperature and precipitation 
va.lueo are adjus'ted in eaoh band aocording to lapse ratea, T1 and P

1 
, and the area-elevation curve. A snov-fall oor- apae 

rectiofiPffctor, C f ' is used on the precipitation values if snow 
is accumulating, io account for tbe aerodynamic effect around the 
gauges and poor representativeneea. Meltwater is retained in the 
snowpack ae free liquid wa.ter when snowmelt starts. This ie repre­
sented by a factor C h' water holding oapaoity, and by another 
parameter, Wb, botto! stora.ge. 
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THE FILEFJELL :BASIN AND DATA BASE 

The oatohment haa beeu deaoribed in ?reat detail by the Norwegian 
National Committee for the Dm (1973). Some characteristics are 
given in table 1, anda map ia eho,m in fig. 2. 

Table 1. Chnraoteriatlcs of the Filefjell basin. 

l>raine.ge area. 
Lakes 
Soil 
Predominant vegetation 
cover 
.A.ltitude range 915 - 1815 

* Watc,r .,qulv1'1e"t ol ennw onlv 

~ J <, N edr<' Vnidrastjarn 
~ 16 Vn lcru•d.,lt'II 
r, I 1 Sl\ltr.d•le,, 
5 lll N~r!rf' Fco•td&utjern 
SI'! ,;!lvl'" Frc.>cldaleljun 
~in Murklopphlfid•l 
~~ I T\ d)!eL)er11 

154 m2 

9,3 % 
Mora.in, e.xposed bed.rock 
Deciduous forest, 
bare mounte.in 

m.a.s.l. 

FILEFJELL 
REPRESENTATIVE 8ASIN, 

NORWAY 

it Watn .. qulvlll•nl of ,now 
y Pr•tipication tio.Hon, da.Lly 

',Llfl Nedre Smeddah,vatn * 
~,, \ SlutebTul ' 
~Il~ {1vr" Sme-ddalevatn ·!r. 
'>U• ,a .. ~b:,kken • 
Sl Il l<yrkjc1<1ol&ne * 
',I I Viilrdfln 

'T Predplt1ulon 01A.Llon 
slora11e e;u11e 

~111 Valdre,.1jern * 
SOi. Slulhlllnl -Il 
~11 1 Froatdnlen lo 
~117 Gn1n.-•atn -Il 
•,111< N.,dre Sulevlltl> !I 
",1PJ 0vra- Sult-Vft.tn f 
~ I I I<)• tk)eat11l.ane 
~il Sle1t11lnaa11 11 

Pr•dpllatlon otatlon 
pluvlo)lr&ph 

~ 14 Va rden 

Snqw pillow 

Kyrkju1•la11e 

FILF.PJEl.l 

Fig. 2. The Filefjell Baein. (From Norwegian National Committee 
for the Il!D, 19,3). 
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The number of p~ecipita~i on and temperature stations in this 
stucly was limited by the need for long oontinuous, homogeneoue 
series. Four preoipita.cion stations and one temperature station, 
all situated in the oontre.1 valley, were used (table 2). Eaoh 
preoipitation station wa.s given the weight 0.25 when computing 
the areal mean. 

Tabl e 2 . Preoipi ta·ti on and temperc, ture s ta tione • 

500 Nedre Smeddalsvatn Preoip., daily totala 
503 Slutebrui " " 11 

506 Fossebakk:en 11 11 
" 

513 Varden 11 11 
" 

Tempera.ture, da.ily means. 

Monthly totale of potential eva.poration computed by Penman•e 
fo:rmula were provided by the Norwegian Water Resources and Eleotri­
eity :Board. 

FITTING CRITEB.ION 
Careful. visual inspeotion of the observed and oomputed bydro­
graphs has been the most important we:y to judee the perfo:rmance 
of the model e.nd to deoide wbioh parameters to ad.just du.ring the 
calibra.tion. 

If the initial varia.nce is defined as 
2 -2 

Fo = l: (~BS - QO:BS) 

where %:ss • observed diecbarge 

%:ss • mean observed disob.arge 

and F
2 

= r (%:ss - ~OMP)2 (2) 

where ~OMP • oomputed discharge 

then a relative measu.re of tha goodness of fit, ranging from 
minus infinity to + 1, 0001 be expreseed as: 

2 . F2 - F2 
R =_o __ 

F2 (;) 
0 

This criterion gives a good estimate of the overall fit of the 
model but it can not bo used blindly as will be shown in a 
following section. It has been ueed as a complement to vieual 
inspection only . 

.Another usc.t'ul tool is s grnph of the aooumula.ted differenoe 
between the tuo hydrographs expressed as: 

i 

a.i '"'I ( ~OMP - QOl3S ) (4) 
t•o t t 

where a1 a ve.lue o:f the aocumulated d.i.fference on the i:th day. 

Inspeotion of c. has provad to be a. very convenient wa,y of con­
trolling the e~ro in volumes over relatively long periods. It 
is also a help uhen it is d.iffioult to tel1 one hydrogra.ph from 
the other in the plotted output. 
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INI'l'liL 'l'EST WITH THE HBV ... 2 MODEL 

In order to get a better fealing t•r how cloae we have come to 
tho &Glution •f the problem vith oatobaents that are 0om.pletel7 
lacking diaob&rge data, the parameters vere eet at values tbat 
seemed t~ be reaaonable ecco:rd.ing to our e:r:peria11ee .from other 
catohments in Sweden and inspectio~of the map. The !irst test 
rnn with theee parueters gave an R -value ot 0.76. The riiodel 
ma:naged to reconstro.ot the general ranoff pattern fairly well 
but m.iesed the volumes oampletel7. It is.evident tb&t the snow­
fall oorreotion factor, C f' being one of the most important 
pa.ram.etere, uni"ortu.nately8 e veey diffioult to generalize, 
eepeoially ae it interaote with the rai.nfall-altitude oorreotion. 
The recessi0n coeffieient for the upper zone, X:.., als~ eaused 
problems as ve did not have enougb experience to estillla.te it 
properly from catchment ohara.cteristios. Another COJll,Plication, 
that wa.s later realized, waa the preeence of tbree exponential 
components in the recession limb of the bydrograph. 

DISCUSSION OF THE RESPOBSE FUNCTio» 

The reeponse f'unotion is the part of the model that roms the 
bydrograph from excess vater paesing the soil moisture zone in 
fig. 1. Two of its pa.raaeters X:.. and ~ e.re eetinl&ted, e>r at 
leaat given a firat eetima.te, !rom plottings of reoeseion curves 
and inYestigation of ite olopes. Ae oan be seen from fig. 3, 
theee plottingll showed three exponential components in Filefjell 
instead of two, which is the maximum poesible number vith the 
JiBV-2 moael. Therefore a mod.i!ication of the model wae neoessary. 

100 

10 

.-... .. $ & I J C 
e .. ' . • i • 

1 

I i i f i i i i I ➔ 
TIME (ciays) 

li'ig. 3. Recession. ourves in the ]'ilefjell basin. 



1-

j 

i 



- 6 -

Recession curves are oo~only used in this type of models and 
often accepted without a:ny- d.iscuasion about tbeir pbysical 
relevanoe. It is, however, imports.ut to bea.:r in mind that the 
ooeffioiente a.re found tbrougb a.nalyaia of the hydrog.ra.ph at the 
outlet of the baein and tberefore empirical constants only, 
Their valuee area product of all the prooesses on the ground, 
in the ground, and down througb. the system of atreams, rivers 
e.nd lakes. Therefore a description of the model like the one in 
fig. 1 is mialeadjng. It gives the false impreaeion of runoff 
being generated firat in two reservoirs, with some stora.ge dis­
cha.rge oonstante, and then being traneformed on its way down to 
the outlet without effect on the recession slopes. If this were 
true the recession coeffioienta should be independent of the 
size of the area as all areal effects should be handled by the 
time-area transformation. To our experience the recession 
coefficients are inoreasing as the oatcbment size is decreasing, 
even if the pattern is very irreg11iar. The reaponse funotion in 
fig. 1 is thus more a oonvenient way of describing the whole 
oonglomerate of effeots in the baein than a physica.l desoription 
of all its details. 

THE HBV-~ MO:qEL 

As a oonsequenoe of the above dieouesion a simple modification of 
the HBV-2 model was tested as seen in fig. 4. 

--- Q • K , (UZ - L- ) 
0 o uz 

DAl'lPll1G 
LZ Q. 

Fig, 4. The response function of the HBV-3 model. 

Generally speaking the struoture can be juetified as follows: When 
the catchment is very wet and still reoeives a considera.ble a;lllount 
of water the drainage capacity is rising abruptly as the wa.ter is 
fin~ng new ways down to the river. This is the situation if the 
content in the upper zone, UZ, in fig. 4 exceeds a threshold value 
Luz• Water is then dra.ined away with a higb.er ooeffioient, K

0
, 
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giTing tl;le third oomponent in tbe reeponee :f'unction. This isa 
trnly lumped approa.oh that only considers tha &TIIX'888 st.f;t.te in 
the buin. The •odel .1.11 conetructed from our BD&lyais at the 
outlet. Our e:xplanation of the oause and e:f'f'eot ie there!ore not 
verif'ied by the resulte or the IIOdel. There llight be other wys 
of justif'ying the sa.me strnoture o.r aohieving ■imilar r.imlts 
with other st:r:uotureo. 

TFJE HBV-4 MODEL 

0n the other hand one oan argue th&t the quiok oomponent in fig. 
3 llll..8t be caueed by ·tbe very- high proportion ot bare lll.Q.11,nta.in. 
in the catohment ("-' 43 '/>) . There!'or• another moclel, BBV-4, waa 
attempted in order to throv more light on the problem. !he etruc-
ture of the :responso :!'anetion is shown in tig. 5. · 

C • X • UZ 
--0 0 0 

DAMP.IEG 

Fig. 5. The response tu.notion in the nv ... 4 •odel. 

One part of tbe model vas aaawn.ed to repreaent the upper parts of 
the baain vith bare mountain vhile the other isa deecription o! 
the lover areas vith more vegetation. In addition to the distri­
bution of the reaponse ftmction :maxi.mum a'Y&il&ble vater in the 
soil moiature zone, Fe, was distributed linearl7 betnon J'c at 
the bottoa .of tbe valley and Fe :min in tl:ie highest parte ma.x 
of the ba.sin. 

It is important to 11ote the differenoe between theea tvo ways of 
approaching the proble11. In the B:BV-3 model ve anal.:yae the lumped 
reaponae at tbe outlet a.nd then uso the K "f&lu• in & luped res­
ponee f'lmotion. The pbyBioal i nterpretati&n is nota 4et•rw1n1ng 
factor ror the results. In tha HBV-4 m.odel, hovever, tll• lC value 
is still obtai.ned from a lumped rwalyoia but tbe outpwt tr8m the 
model ia depending on our physical interpretatioA of th• system. ~e , 
use renlts from tho ou.tlet and nove a bit further upatreama into 
the system and try to appl7 it there. 
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CALilmATION .AND TEST OF THE MODELS 

The two versions, HBV-:; and HBV-4, uere cali'bra.ted with sucoessive 
ru.ns and vieual inspection in a. way desoribed by Bergström and 
Jönsson (1975). The length of the calibnition period was fou.r 
yee.rs, September 1967 to August 1971. 

The fitted models were then testad on our independent set of data 
over the perio~ September 1971 to September 1974. The results 
expreesed as R -values are shown in table 3 together with the 
nwnber of runs needed for the calibra.tion. 

Table 3. Resu.lts e:x:pressed as R2-values wi·th the HBV-3 and 
HBV-4 models. 

Calibre.tion (1967 - 71) 
Test (1971 - 74) 
Number of runa 

HBV-3 
0.88 
0.86 
9 

HBV-4 
0.85 
0.83 
2 

The oalibra.tion of the RBV-4 model could be completed with just 
two runs beoause most of its parameter ~alues were taken from 
the HBV-3 vertåion and recession a.na.lysj_s. 

Table 3 indica.tes that the HBV-3 version ie au.perior to HBV-4. 
This is in agreement with our own subjective judgem~nt of the 
plotted hydrogra.phs. In partiou.lBr the HBV-4 version seemed ·to 
model the recession part after a enowm.elt period poorly, aa the 
combination of delayed anowm~lt and quick reoeaaion in the upper 
parts of the baein gave a ·too dras tio drop of the recession lim') . 

The faot that we aasum.ed a constant proportion of the basin being 
su.bject to quick reaponse in the HBV-4 model also ma.de it diffi­
oult to fit both small a.nd high peako eimultaneously. In the 
final eompromiae the model overestimated floods of low magni.tude 
and underestime.ted high floods . 

The total performe.noe of -the EBV-3 ro.odel ca.n be atudied in fig. 6 
and 7 on the .f'ollowing pages. Th& sYQbolR i n these figu.res are: 

TEMP = da.Hy meano of tempera.ture, one station ( 0 c) 
Q = computed (red, and observed {bla.ok) dis-

ACC. DIFF. 
p 
SP 

SNOWCOV 
MELT 

SM 
EVP 

charge (1/s) 
= acoul'ffillated ~~ff.erence (mm) 
• preoipitat ion~ four stations (nnn) 
a average water equivalent of snow in the 

catchment as computed by the model (mm) 
• a.rea cover ed by enow in the model (%) 
= yield from the enow routine including rain 

when this routine is operating (mm) 
- soil moieture state in the model (mm) 
= oomput ed. actual evaporation (mm). 

Fig. 6. The oalibra.Uon period in the Filefjell ba.sin. 

Fig. 7. The teet period in tho Filefjell basin. 
(Following pages.) 
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The p&r&Jl'\eters in the BlJV-3 mod-sl are shown in table 4. Some of 
tbese pa.ra:m.etere were \Ot fitted but kep+. at their initial T&lues. 
Plapse and Tlapse' for example, were reoomended by the 5orwegian 
'Water Reeources and Electricity :Board, and X, I½ and~ wen 
found throuf;h anal.yeia of roceesion ourvee. 0 

Ta.ble 4. 
p 
l~pse 

Tlapse 
0sf 
C 

0 

ceff 
T o 

cwh 
Wb 
}3 

Fe 

Lp 

13eta. 

Pero 

K· 
0 

~ 
K2 
1uz 

Pa.raaetere in the Filefjell baein. 

• 12 '1,/100 m 
• _ 0_6 00/100 m 

• 1.7 (snovfall correotion) 

• 2. 5 mm/( 0 c • day) (eq. 1) 

- O (eq. 1) 

• - 1 °c (eq. 1) 

• 5 % ( water holding oapaoi ty in snn) 

• 10 a (bottoa store.ge in anov) 

• 2 daye (fig. 1) 

• 1.0 (cor.responding to 150 mm)1) 

• 150 -
1
> 

• 2. 01) 

• o.6 rm/d~1) 

• 840 l/s/rtJ1JJ (fig. 4) 
• 200 1/e/ (fig. 4) 
• 50 1/s/mm. (fi t , 4) 
• 20 mm (tig. 4) 

1 ) See, for e:maple, :Bergström and Forsman ( 1973), 
EBB.OR FIJNCTION STUDIES 

Studies of the error .f'tmoti on reeponse has been oe.xried out earlier 
Yith the BBY-2 model in e. :fe oa.tehuente (Bergström and Forsman, 
1973, Bersström 1975). Theue studies ha.ve proved to · be a very 
usef'ul way- or ana.1,-sing tne rel ative iuxportance ot eaoh parameter 
er a oortblnation o:f para.meters. It mu.st be s ·treeaed, however, that 
the method ·must not be appl ied bli ndly. Some knovledge about the 
position of tha para.metar in the moäal structure ia neoesaary. 
A parameter tha t is importa.nt !or the lever: of lw fiov during 
winter will un~oubtedJy ho.ve less effeol; on tbe absolute error, 
expresaed as F, trum villa p~eter oontrolling the timillg of 
the sprlng flood. The errors a:.cc of dif'ferent order of magnitude, 
but still both paramtera are equa.lly import~t in the overall 
mc;,del . J.nother problem is the fa.ct that a.s F is & rather rigid 
oriterion, ite Blinimum doesn•t nlwaye Joinoide with the beat fit 
acoording to our visu.al inspection. Finally we h&Te the problem of 
inveatigating more than 2 parameters simultaneuosly. In this 
report an attempt iB ma.de to utudy; parameters with a fo11r dimen­
sionaJ. teohnique, but ~ore para.meters wil l envolve a lot o! com­
putor vork and is 'diffioult to v~sualize. 
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2 In ffie following the toPQgrapby of F (eq. 2) red.uoed by a faotor 
10- is shown vith iec ' inee having the equidiatanee 0.02 in oaeee 
aensitivity is low, and 0.1 if the model is mere sensitive to the 
parameters. Thie differentiation was found to be neceeaary for the 
•isualization of tbe results. The fitted valuee ueed in fig. 6 
and 7 are ehown by a

2
cross in the following figures. The tranij­

lation from #- to R -values oa.n be ma.de througb eq. 2 vi th r . 
•(10-10). a.313;e or by table 5. The studied period was 1967 ~ 71. 

Table 5. Transformation from F
2

- to R
2-values. 

il • (10-10) 
o.e5 
0.90 
0.95 
1.00 
1.05 
1.10 
1.15 
1.20 

0 0.001 00011. Ooo~ COOi, 

R2 

0.8978 
o.a917 
o.ee57 
0.0797 
o.e7;7 
0.8677 
0.0617 
0.0557 

Fig. s. The responae of F2 to C, T
0 

and cerr• Equid1stance • 0.1. 
Model values: C

0
• 2.5, ~

0 
• 1.0. Cett • O. 
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PJ.RAME'.ll:RS m 'mE SliOW ROUTDJ'E 

0, T and C ff o o e 

Theee parameters vers studied simultRJ1~ously in a four-d.imensional 
representation (thxee parameters and F ) 9 as shovn in fig. 8. 
The distance betveen the iaolinea is 0.10. As can be seen from tho 
figure, the model is highly senei ti v·e -~o changee in C , provided T 
is kept at a constut value. There aeeme to be some o8rrelation ° 
betweon T and C n:aking it poeeible to absorb a detoriation in one 
parameter0with a0 crumge in the other. Still, the va.lua of T diffem 
signifioantly from zero. C {fis evidently not improving th2 model 
at all. This is in agt"eeme:3 with the etudy by :Bergström (1975) in 
a Swedish baain with quite d.iffe~ent ohara.cteristics. The con­
clusion is tbus tbat although apa.rameter, ha.ving the same effeot 
as C ff on the melting process, is juetified by field measu.rements, 
it iB generally not detectabla at the outlet or the oatchment. 

cwh and wb 

These two parameters a.re both effecting water retention 9 as snow­
melt atQrts. The error function ia ma.pped in fig. 9 witb an equ.i­
diat anoe of 0.02. The valley is veey flat and in agreement witb the 
results by l3ergstrcSm (1975). IJ.'he interpretation of these small 
changes in tbe error funetion is diffioult due to uncerta.inties in 
the representativeness of the fitting oriteria. An example of this 
will be shown, when the parameters Pero and IS are mapped in a 
following aeotion. 

0 10 20 40 

Fig. 9. The response o!' ·J/2 
to c._,h and Wb. Equidistanoe • 0.02. 

Model ·raluee: owh ... 0.05, w13 .. ·,o. 
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.PABAMETERS IN THE SOIL MOISTOEE ROUTINS 

Beta, Lp and Fe 

The three pe.rametera in the aoil moisture routine are studied in 
tig. 10 with an equidietallce or 0.02. It is not surprising tha.t 
theee parameters e.re less sensitiva than those affeoting anowmelt, 
C, T and C ff'' as t..he spring flood peake a:re the oause of the 
djor0part of the initial -v-arianoe. The soil moisture defioit is 
a.leo leee impo:rtant in this mountaineous basin. Fig. 10 indieates, 
however, that these three pa.ram.etera are fairly o:rthogonal, whioh 
isa. eatiefaotor,y result. The same pe.:ra.metere have been studied in 
other o.a.tcbmenta by :Bergatröm and Forsman (197;) and BeJ."gström 
(1975), but this ia the firet time a four dimensional representa­
tion is Illäd.e. 

Lp 

Fe 

O~-ILl~~-,::,,,-..--f'---=-f' 
~o 100 1~0 · 2.00 

2 Fig. 10. The response of F to Beta, Lp and Fe. Equisistanoe a 0.02. 
Model values: ~eta u 2.0, Lp • 1.0, Fe• 150. 

PARAMETERS IN THE RESPONSE FUNCTION 

These pa.1'8lneters were stud.ied thoroue;hly- in order to investiga.te 
the effeot of the introduction o:f the thil."d runoff oomponent in the 
model. The earlier disO\lssion of tbe :reeponae runotion as regarde 
recession ooeffioients and tima area dis·bribution &leo made it 
intereating to try to t:raoe arq interaction between the parameters 
conce:rned. 
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~o' Ki and LUfl 

A tour-diMnllioool representation is made in .f:Lg. 11. There eeems 
to be ■OM interaotio:!l between K and L • The response surf'ace 
h&8 the abape ot o.n ellipae, the0a:ld.e ofZwhioh is oh.Mging with L 
iJI the interrola studicd. Thcit explanation is that at low values o'F 
L , K vill becms0 inc:reasingly important oompared to K1 {see fig. 
4~ v~le at high L.

4 
-values the situation is the oppoaite. If L 

ie ~•ro, we ue ba.clza.t the Hl3V-2 model, and (K + K1) will tak.euz 
over the role of ~ in fig. 1. At high Luz-valu8a K will not effeot 
the model at all, E>nd ~ will ha.ve the same :tunctid as in the 
original RBV-2 ver&ion. The fitted valuea were K

0 
.. 840, ~ ""200 

and L • 20. A2 oan be seen from fig. 11, they are not op~imum 
valueizin the F senee of thia term. There.föTe the model was run 
with K • 1000, ~ • 250 and L • 50, and the hydrograph was 
studie8 again vioually. Subjecffvely the byd.rograph looked slightly 
better at the for!llar para:nster val.ues. To throw more light on this 
question the independent test period was also run with thia last 
liet of parameters. The difterenoe from the resu2ts with the earlier 
set of parametera "'as bard.ly disoe:rnible. The R -valuea .from tbis 
comparison a.re shown below. 

Fig. 11. The reoponae of F2 to K , ~ and L • Equidistanoe .,. 0.02. 
Model values: K • 840,°K1 • 200 ,uf • 20. 

0 UZ 
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1967 - 1971 1971 - 1974 
Cel.ibrated set o par.meters o.8778 0.8623 
Modified set of paramete%'S o.e927 0.8614 

The oon:fliot between our subjeotive judgement and the R2-vaJ.ue 
emphasized the need fora better criterion of fit, ati.d the risk 
with blind eee.roh if the repreeentativenese of thie oriterion is 
poorl;r ex:plored. 

K
0

, 1'1 and l3 

In fig. 12 the efteot of pertu.rbations of X and K.. is studied in 
oonneetion with the baee in the time-area dfotribu!ion, B, (tig. 
1). :Boan be said to rep1-esent the time of ooncentration in the 
baein. As can be eeen from the !igure, the fitted T&lue of B • 
2.0 isa good estimate, but tbere is some poeeibillty to OQmPen­
eate er:roneous B-values with an adjustment of K, if the F2-value 
is ueed as our aole oriterion of fit. A vieual ~nspeotion of the 
hydrographe will, howeve.r, reveal that the co11puted and observed 
recession limbs are not parallell ezr:J' longer, if the recession 
coeffioient is used thie vtq a.s a tuning parameter. :Both K and 
~ are significantly improv1.ng the model. The original HBV-~ mod.el 
is obtained, if ve let X., equa.l zero and try to fit the mod.el with 
K

0 
and :B. 

100 2.00 ~00 400 

2 Fig. 12. The response of F to K
0

, X:., tmd 13. Equidistanoe: 0.02. 
Model valuea: K

0 
• 840, ·IS~ 200, B • 2. 
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Pero and p 

ilthoush the lake por -,ntag,a, p, is a. pr-ra.meter derived from 
studies of tha ma.p 0 it can ba intereeting to study hov sensitive 
the modol is to this c3tim.a.te. As this parameter is one effeoting 
:reoha.rgo of ths lowor zone, it ia natuml to atudy it together 
with tha p$rcolation oapa.oity, Porc. The results in tig. 13 show 
that there isa pronounced correlation between theae parameters and 
that the scnsitivi·~ of the model ia rather small. 

Pero O.O 0.5 

p· 

1.0 2.0 

o.oo 

0.05 

0.10 

0.20 

1.2924 1.2071 1.1411 1.0899 ,.0530 

1.1303 1.06 ~9 

• :>'9 o. 9436 . 

o. 002__ 4~0.956 '•,'fJ.87 

f.0093 o. m~1 

Fig. 13. The reaponoe of r/!. to Pero end p. Equiclistcmoe = 0.02. 
Model vol.ues . Pero • o.6, p • 0.1. 

Perc and~ 

These tvo parometora ropreeent another intereeting pair, t\S the 
maximum lev.:>l in the lcwer ~on'9 oau be ehown to bo proportional to 
the rolation Pero/~ (Eerg~tröm ond Forsman~ 1973). It is therefore 
not surpriaing tb!:l.t the 01.TOr i'u.nction topogra.pey shows strong 
dependeuoe l,etucon theeo two para.meters, as sh~ in flg. 14. What 
is more surpr.ising io tho .faot ·cha.t the lee.st F -value is found a.t 
a ~-va.lua of 170, th3.t ia rather olose to the fitted value of K,, 
~hiäh wM 200. T'aia oaue~d us to run the model at these pa:rame­
t~r values and me.ke a. vieual inspection of the hydrographs. The 
R -vaJ.ue obtained was o.a931, whioh ehall be compared with o.8778 
fmr the fittod period. The plotting is shown in fig. 15nfor the 
jud89mGnt of the roader. Ao oa.n be seen if compa.red with fig. 6, 
the nev para.matare tand to conoentrate on the a.djustment ot some 
erroneously reodellcd poe.ks, while the long low flow recession 
part, tha.t was rnoant to be oontrolled by these parameters, is 
destroyed. Thia isa situation, whan errora o! one order of magni­
tude a.re maeking errora of c. lower order. The risk when relying 
blindly on one aingle oritarion of fit is empbasized onoe aga.in. 
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·K 
2 10 50 90 130 170 210 250 290 

Pero 

0 1.0369 1.0291 ·1.0430 1.0595 1.0769 . • 

1 1.03 

~ 
. 

2 2 • 

3 811 1.0049 

4 0.9026 o. o. 745 

5 • . .. 0.9~95 

6 • • . 0.911 9618 

7 • • .. ~6 0.9335 0.9 

2 Fig. 14. The response of F to K2 and Pero. Equidistanoe • 0.02. 
Model values: ~ • 50, Perc • o.6. 

Fig. 15. The oalibre.tion period with modified values of Perc 
and~• The initially fitted period is ahown in fig. 7. 
(Following page . • ) 
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AREA-ELEVATION LAPSE PARAMETERS 
Wben di•tributing the model over a.u a.rea.-eleva.tion curve som very 
cro.ae est1mates of the temperature lapse, T1 , and p:recipita.-
tion lapse, P , with altitude ha.veto bijaiMe. The values 
must be very lJB"8nma·ce duii! to the great vuiabili ty caueed by 
inversions and otber oomplex meteorologica.l faoto:rs. Fortunatel.y 
the ra.udom er.rors in theae parameters can be damped out to some 
extent by the long sno,, aceuma.lation period, even if tbis cer-
t&inly is not true for T1 duri.ng enowmelt. (In the follwing 
figuree the prograll ~ m~Hfied elightl;y, which is the rea.son 
vhy the oalibra.ted F -vaJ.ues do not coincide with the ones showed 
ea.rlier.) 

T and •r o lapse 

T \ra.B thought to be the parameter tbs.t best oould co111pensa.te for 
pirturbations in '(' • The mapping of the error function is 
shown in fig. 16. ±ftil,aependence is strong, but T1 8 

deviat ea 
signifioantly from o. i1hie mea.ns that the a.rea-elevfii8n correc­
tion cannot be aocounted for by the threshold parameter T alone. 
The aseumed value of T1 ond the fitted value of. T dia not lie 
far from the optianun in6~HI F2-senee. Adjustment of tfeee "\"alues 
is not advisable coneiö.eri.ng the uncerta.inty in the F -orHerion 
Heel.f, and the loss of degrees of freedom, if we give T1 the 
status of a free parameter. apse 

0 

-o.oo 

1~ 641 1.9773 2.8460 4.2630 • . 

-0.60 
~ 1,7852 2.6464 3.9447 

2 .. 5742 8 • 1.1196 

-1.20 ;.a130 2.9987 2.;162 .f'.C'.....-

-1.eo • 

6 - 2 Fig. 1 • The responee of F to T and T1 s. Equ.id.iata.noe • 0.1 
}fodel valuae: T ~ - 1.8, T1 ap.e_ o.6. o apse 
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0ar and Plapse 

The enow-fall correchl)n factor, csf' va..t assumed to give the 
stro.ngest intordependanoe with P1 • Ae oan be seen from fig. 
17, the situation is var:t much t.a!PRLe as when studying T

0 
and 

Tlapse• 
The oonolusions a.re tberefore eimilar. C oannot aooount for the 
preoipit&tion-lapae effeot in the Filefjtf1 basin. There is of 
oourse a possibility tha.t a oombination of other parameters oan, 
but using P does not mea.n introducing too much complex:ity 
into the moål~~8as long as wa derive a fixed value from informa,.. 
tion outside tho hyd:rogro.ph used for the oalibration of the model. 

Plapa3 

0.04 2.5705 1.9933 1.5198 1.0731 

o.os 

0.12 

0.16 

0.20 

79 1. 27 

1.3412 

.32ss 1.e761 

.2709 1.8419 2.6675 

Fig. 17. The rosponce of F2 to C f and P1 • Equ.idistanoe c 0.1. 
1 e apae1 Model valu~s: C f ~ .7, P1n • u. 2. s ~pae 

CONCLUSIONS 

The application of the mod~l in the Filefjell Dasin•led us to 
some conoluaion oonceming tho model cti'lloture and the relative 
importance of its pa.ram9ters. 

The origiru:u HBV-2 modal bad to be modified with the introduotion 
of a third runoff eomponent. A oompletely lumped modifioation 
proved to be b9tter ·mana mora distributed one. 

Once the model was mod.ified the oalibration was relatively simple. 
The moet important parameters were thoae in the snow-routine and 
the recession ooefficiants i.n the responee .f'unotion. One of the 
biggest problems when ·i;rying to apply the model to ungauged 
oatohments oeems to bo the empirioal ooefficiente that we are 
foroed to use when extrapolntinB preoipitation obeervatione to 
areal valuee. 

The eoil mmioture routine is less important in this alpine oatoh­
ment beoauea evaporation is lcnr. A fictive value of the available 
wa.ter, Fe, of 150 mm wae assumed but the maximum defioit in the 



,. 

•' ·, • ', , 



aoil moietuxe zone in the model vas less than 50 mm dur.in8 the 
aeven yeare in the period. 

The oonflict between subjective visual inspection a.nd optimum 
parameters in the least squares-eense ie a strong indication 
that fitting oriterione mu.st not be used blindly, unless their 
oapabilit:y o! repreaentill8 tbe agreement betveen tbe observed 
and oomputed byd:rographs is explored rlgorously. 
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