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1. INTRODUCTI ON 

The work described in this report is part of a collaboration project 
between Empresa Nacional de Electricidad (ENDE), Bolivia, and the Swe
dish Meteorological and Hydrological Institute (SMHI) . 

Empresa Nacional de Electricidad is in charge of the electrical power 
production in Bolivia. At present (1986) hydroelectric power accounts 
for nearly 70% of all generated electricity, and there isa vast 
potential that can be exploited. The purpose of this project has been 
to introduce new and efficient methods for hydroelectric project stu
dies through the use of mathematical modelling techniques. One concep
tual (HBV) and one stochastic (HEC-4) rnodel system have been transfer
red from SMHI to ENDE, as well as the knowledge of using them . 

This report deals with the application of the conceptual HBV-model to 
three Bolivian basins. The use of the model aims at extension of time 
series of daily discharge data. The stochastic model is based on 
monthly data and its application to Bolivian rivers is described in 
the report "Monthly Streamflow Simulation in Bolivian Basins with a 
Stochastic Model" (Ambjörn et al, 1987) . 

The collaboration project was started in February 1986 and completed 
in March 1987. The Swedish Agency for Technical and Economic Co-opera
tion (BITS) was contributing to the financing. 

2. CONCEPTUAL MODELS 

The basic need for river basins development, both at the planning and 
management stages, is the evaluation of temporal and spatial water 
availability in the region. A common experience is that river runoff 
records at a particular site in abasin are too short for reliable 
statistical analysis. Missing data of critical highflow periods at the 
desired site are clso frequent problems . Often, however, there isa 
relatively long period of rainfall data available in the basin. In 
this situation, mathematical models conceptually representing the land 
phase of the hydrologic cycle are very useful. These models can be 
used to simulate runoff response of the catchment by quantifying the 
most dominant physical processes through a series of mathematical 
functions, combined together to represent the time- variant interaction 
of the .processes . These models continuously account for the water in 
storage in the basin, relate loss functions for the rainfall to cur 
rent condition of the basin, and are capable of continuous simulation 
of flow for as long a period of time as there are input data availab
le. 

Another very common application of rainfall-runoff models is for fore
casting purposes . The lead time of the forecast is then depending on 
the reliability of the weather forecast available and on the dynamics 
of the river system. A river with a very slow response is thus easier 
to forecast than one with quick response to rainfall or snowmelt. For 
long range forecasting, historie climate records can be fed into the 
model, and the foreca st can be based on a statistical anal ys is of seve
ral sequences of computed hydrographs. 

• 
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Several rainfall-runoff simulation models, viz. the Stanford Watershed 
Model (Linsley and Crawford, 1960), the SSARR model (Rockwood, 1958), 
the Oawdy and O'Donell model (Dawdy and O'Donell, 1965), the Boughton 
model (Boughton, 1966), the Hydrocomp Simulation Program (Hydrocomp 
Inc., 1969), the UBC model (Quick and Pipes, 1972), the HBV-model 
(Bergström, 1976), the TANK model (Sugawara, 1961), and the NWSRFS 
(NOAA, 1972) etc ., have been developed since the late 1950ies. 

The complexity of these models varies over a wide range, which also 
entails variable demands as cancerns computer facilities and input 
data. The HBV-model developrd by the Swedish Meteorological and Hydro
logical Institute (Bergström, 1976) is one of the simpler models in 
the range but has proved to yield satisfactory results for both fore
casting and simulation. Its formulation is easily understood, and com
puter and input data demands are moderate. The model is run on daily 
values of rainfall and monthly values of the potential evapotranspira
tion. lf the snow-routine of the model is to be used, it requires mean 
daily air temperatures as well. The model has been adapted toan IBM 
personal computer . 

2.1. Description of the HBV -model 

The HBV-model isa conceptual runoff model for continuous calculation 
of runoff. Input data are observations of precipitation, air tempera
ture and estimates of potential evapotranspiration. The time scale is 
one day but the potential evaporation values used are normally monthly 
averages . Air temperature data are used for snow accumulation and 
ablation calculations only and can be omitted in snowfree areas. 

The HBV-model includes possibilities for geographical zoning and dif
ferent vegetation cover, its basic structure is shown in Figure l. 

ELEVATION 
A.S.L 

UZL 

SLZ 

RAINFALL 

SNOWFALL .......... 

OISTRIBUTED 
SNOW ROUTINE 
ACCORDING TO 
ELEVAT ION 
AND VEGETATION 

DISTRIBUTED 
SOIL MDISTURE 
ROUTINE 
ACCORDING TO 
ELEVATION 
AND VEGETATION 

SYMBOLS 

SSF = SNOW STORAGE IN FOREST 

SSO = SNOW STORAGE IN OPEN AREAS 

SSM = SOIL MOISTURE STORAGE 

FC =MAX SOIL MOISTURE STORAGE 

WP = MIN. SOIL MOi STURE STORAGE 

SUZ = STORAGE IN UPPER ZONE 

UZL = LIMIT FOR THIRD RUNOFF COMPONENT 

SLZ = STORAGE IN LOWER ZONE 

QO, 01, 02 = RUNOFF COMPONENTS 

KO, K1, K2 =RECESSION COEFFICIENTS 

QO = KO ISUZ-UZL I 

COMPUTED 
RUNOFF 

LUMPEO 
RESPONSE 
FUNCTION 

Figure 1. Basic structur e of the HBV-model . 



The model consists of subroutines for snow accumulation and melt, a 
soil moisture accounting procedure, routines for runoff generation, 
and finally a simple routing procedure. 

The snow routine is based on a degree-day approach with lapse rates of 
climatological data according to the hypsographic curve. 

The soil moisture accounting routine is the main part controlling 
runoff formation. This routine is based on three parameters, BETA, LP 
and FC, as shown in Figure 2. BETA is controlling the contribution to 
the response function (tiQ/tiP) or increase in soil moisture storage 
(1-tiQ/tiP) from each millimetre of rainfall or snowmelt, LP isa value 
above which evapotranspiration reaches its potential value, and FC is 
the maximum soil moisture storage in the model. In order to avoid 
problems with non-linearity the soil moisture routine is fed by snow
melt and rainfall mm by mm. 

EA/fP 

1.0 

0 _ __ ..___.__ _ __ 

LP FC SSM 

SYMBOLS 

SSM: COMPUTEO SOIL MOISTURE S TORAGE 

ll.P : CONTRIBUTION !'ROM RAINFALL fJR SNOWMELT 
ll.a : (ONTRIBUTION TO rnE RESPONS[ FUN(TION/ 

R1JNOFF 
FC : MA XIMUM SOIL MOIS fURE 5 TORAGE 

BE U, EMPIRICAL COEFF ICIENT 

EP= POfENTIAL EVAPOrRANSPIRATION 

EA: COMPUTED ACTUAL EVAPOTRAN SPIRATION 

LP : LI MIT FOR POTENTIAL EVAPOTl1 AN SPIRA1 I0 N 

.60/ .6 p = ( SSM )BETA 
FC 

1.0 

0 --~ --------l-

0 FC SSM 

FiguY'e 2. Schematic pr esentation 
of the soi l moistur e 
accounting suhroutine. 

The routine will have the effect that the contribution to runoff from 
rain or snowmelt is small when the soil is dry (low SSM-values) and 
great at wet conditions . The actual evapotranspiration decreases as 
the soil dries out. 

For catchments of considerable elevation range, the altitude effect on 
precipitation is accounted for by division of subbasins into elevation 
zones and application of a precipitation lapse rate (PCALT) for each 
zone. The corrections are made from the average altitude of the preci
pitation stations to the mean altitude of each zone. There is also an 
option fora general precipitation correction factor (PCORR) in case 
systematic errors in these data are obvious. 

-
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The runoff generation routine is the response function which trans
forms excess water from the soil moisture zone to runoff. It also inc
ludes the effect of direct precipitation and evaporation on apart 
(LAKE) which represents lakes, rivers and other wet areas. The func
tion consists of one upper and one lower quasi-linear reservoir, as 
shown in Figure 3. These are the origin of the quick and slow runoff 
components of the hydrograph . 

LAKE 

suz QO = KO· (SUZ-UZU 

01= K1 · SUZ 

f--L-__._ __ _,~ 

SLZ L TRANSF. 

FUNCTION 

QG 

02=K2· SLZ 

Cl( 

SYMBOLS 

SUZ a STORAGE IN UPPER ZON[ 
UZL a LIMIT FOR THIRO RUNOFF lOMPON~NT 

SLZ • STORAGE IN LOWER ZONE 
PERC • PERCOLATION TO LOWER ZONE 
P • PERCIPI TA TION ON LAKES 
EP a EVAPOR ATION rnoM LAKES 
Q0,01,02 a RUNOrf COMPONENTS 
KO, Kl, K2 • REC ESSI ON COEFFICIENTS 

Figure 3. 

The r esponse 
functi on of 
the HBV-mode l 

The upper zone may be interpreted as follows: If the yield (~Q) from 
the soil exceeds a certain percolation capacity (PERC), the water will 
start to drain through more superficial channels and thus reach the 
rivers and streams with a higher drainage coefficient (Kl). At a sto
rage in the upper zone exceeding UZL, even more rapid drainage accor
ding to KO will start. The lower zone, on the other hand, represents 
the total groundwater storage of the catchment contributing to the 
base fl ow . 

Each one of the subbasins has individual soil moisture accounting pro
cedures and response functions . The runoff is generated independently 
from each one of the subbasins and is then routed through a transfor 
mation function in order to get a proper shape of the hydrograph. The 
transformation function isa simple filter technique with a triangular 
distribution of weights, as shown in Figure 4. lf a translation of the 
hydrograph due to travel time is needed, this is accounted for by a 
parameter BLAG . Finally the discharge from each subbasin is combined 
by superpos ition to arrive at total di scharge at the outlet . 

QG WEIGHT (l( 

TIME TIME 
f< MAX BAS ~ 

Figure 4. Schematic rresentation of the effect of the t r ans f ormation 
function of the computed hydr ograph . 



2.2. Model calibration 

For the calibration 5-10 years data of observed daily dicharges are 
required. 

The model is calibrated by a manual trial and error procedure, where 
three main criteria of fit are used: 

l) Visual inspection of the computed and observed hydrographs. 

2) A continuous plot of the accumulated difference between the compu
ted and the observed hydrographs expressed as 

ACC.DIFF= r(QC-QO)*C 
t 

QC=computed discharge 
QO=observed discharge 
t =time 
C =constant transforming to mm over the basin . 

3) The explained variance around the mean expressed as 

r(QO-Q0) 2- r(QC-Q0) 2 

R2= t t 

where 

n=the number of days 

l IQO 
n t 

r(QO-Q0) 2 
t 

In addition to these prime criteria, the calibration process is sup
ported by plats of the observed and computed flow duration curves . 

It is important to save a few years data for an independent test 
period . 

5 
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3. DESCRIPTION OF BASINS AND INPUT DATA 

At this first stage, the HBV-model was applied to three Bolivian 
basins. Two of them, Corani and Locotal, are situatad at the beginning 
of the Mamore river, and the other, Miguillas, at the origin of the 
Beni river, both tributaries of the Amazone river (see the map of Fi
gure 5). Although Corani and Locotal are neighbouring basins, the 
climatic conditions are very different with approximately twice as 
much precipitation in Locotal. 
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Figure 5. Map of Bolivia with location of basins wher e t he HBV- model 
has been applied. 



3.1. Corani 

The area of the Corani basin is 287 km2 and the elevation range is 
from 3200 m.a.s.1 to 4200 m.a.s. 1. The vegetation consists of bushes 
and grass and there are also areas with bare soil. At the outlet is 
situated the reservoir f or 2he hydropower plant of Corani. The area of 
the reservoir is about 10km . 

Five precipitation stations were used to calculate the areal precipi
tation (see Figure 6). The mean annual precipitation for each station 
is given in Table 1. The basin was divided into three subbasins with 
not too great differences in precipitation within each subbasin. 

E•c . Aprn . 

0 2 3 , Km . 

'===--"'==""---'====' 

-i-

• PREC IP1TATION STATION 

~ STREAM - GAUGING STATION 

-+- + SUBBASIN 

Figure 6. Map of the Corani basin with subbasins . 

Station Elevation Annual prec i p ita t ion 
(m.a.s.1) (mm) 

Aguirre 3350 830 
Candelaria 3380 920 
Colomi 3300 670 
Presa Corani 3200 2520 
Toncoli 3280 680 

Tab1e 1. Precipitation stations used for Corani 
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For the estimates of potential evapotranspiration, monthly averages 
from observations at Toncoli were used. 

The inflow to the reservoir, used for the model calibration, was cal
culated from the flow through the turbines of the power plant, the 
reservoir levels and the spill across the reservoir spillway. During 
1982 and 1983 the level of the dam was raised by 4 meters. No reliable 
data of the spill were available during this period, but it has been 
assumed that no water was spilled. 

The model has been run from 1968 (when the construction of the dam was 
completed and reservoir level data available) until 1983 . In 1984 the 
inflow to the reservoir was increased by a transfer from Rio Malaga. 
Due toa temporary lack of data of the magnitude of these disharges, 
the model was not run from 1984 and onwards. 

3. 2. Locotal 

The area of the basin of Locotal is 200 km2. The lower parts are 
covered with thick vegetation, decreasing with increasing altitude. 
The elevation ranges from 1700 m.a.s . l to 4200 m.a.s . l . 

~or the model calculations the basin was divided into four subbasins 
(see the map of Figure 7). 0ne subbasin represents the area upstreams 
the discharge station Målaga 3200, and the model parameters for this 
part of the basin were determined separately. By having one subbasin 
for Rio Malaga and one for Rio Sta Isabel, the discharge from each of 
these rivers can easily be computed if desired. 

FoUr stations were available for calculation of areal precipitation 
(see Table 2 for station characteristics). This was not quite satis
factory as the amount of precipitation differed considerably between 
the stations and no systematic variations could be found. 

The potential evapotranspiration values used by the model were estima
ted from observations at Toncoli and Corani, both stations situated in 
the Corani basin . 

The power plant of Corani is actually situated within the basin of 
Locotal, and the water from the Corani reservoir is lead to the plant 
through a tunnel. This means that the observed runoff values at the 
station at Locotal include the flow through the plant. The cross sec
tion at this station varies due to erosion and bed-load transport. 
Flow measurements are often made in order to have a correct stage -
discharge relation, but there are still periods when the discharge 
Vä1Ues are Uncertain . 

Model calculations have been made from 1967 to 1983, whereafter the 
transfer from Rio Malaga to Rio Corani was started. · 

3.3. Miguillas 

The area of the basin of Miguillas is 420 km2 and the elevation 
ranges from 1950 m.a.s. l to 5600 m.a.s.l. 
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Fi gur e 7. Map o f the T,oco /;o Z. han i n 1,Ji th .subbasins . 

Station Elevation Annual 
(m .a . s . l) 

Incachaca 2300 
Locotal 1700 
Malaga 3200 3200 
Planta Corani 2700 

Tab1e 2. Precipitation st ations used for Locotal 

., ., 
0 ., 
"' 

precipitation 
(mm) 

1690 
2630 
2070 
2950 
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Precipitation data from 9 stations were available for the model calcu
lations (see Table 3 and Figure 8) but these stations were unevenly 
distributed within the basin . Due to this, the basin was divided inta 
three subbasins, representing different altitudes. It was then assumed 
that the precipitation at a certain altitude could be represented by 
stations at approximately the same level. 
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$ STREAM-GAUGING STATION 

-,\- --\- SUBBASIN 
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Figure 8. Map of the MiguiUas basin 1.,Jith s ubbasins. 
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Station 

Angostura 
Carabuco 
Choquetanga 
Chico Choquetanga 
Humapalca 
Jalancha 
Miguillas 
Mina Nevada 
San Juan (Calachaca) 

Elevation 
(m.a.s.1) 

3800 
2900 
3200 
3300 
1950 
3200 
4200 
4650 
3250 

Annual precipitation 
(mm) 

1600 
1400 
1300 
1690 
1360 
1680 
1630 
1030 
1480 

Table 3. Precipitation stations used for Miguillas 

The vegetation in the lowest altitudes consists of low forests and in 
the middle altitudes of bushes and grass. In the higher altitudes 
there are bare rocks and lichen. The highest mountain peak s are cove
red by snow, but this has not been considered in the model calcula
tions as no temperature observations were available. As no evaporation 
measurements have been made in the region of Miguillas, the potential 
evapotranspiration was assumed to be the same as for Locotal were the 
c1imatic conditions are similar. 

bata for running the model were available from August 1972 to 0ctober 
1gs3. 

3.4. ~recipitation data 

IH o~der to check the homogeneity of the precipitation series, so cal-
1ed doUble mass plots were made. The accumulated precipitation for 
eac~ station Was plotted against the mean of the other stations within 
the same basin. Ifall the time series were perfectly homogenous this 
WoU1d result in a straight line. The appendix shows examples of these 
double-mass plots . Mast of the precipitation series show slight inho
mogeneities, but not such great ones that it has proved necessary to 
exclude any station. If one station hasa great weight in the calcula
t,on of the areal precipitation an inhomogeneity may cause sudden 
volUme errors in the computed discharges. This was, however, not 
observed in the model calculations referred in the report. 

Whe~ there were short gaps (one or two months) in the precipitation 
series, these gaps were filled in with data from neighbouring sta
thiohs. In same cases corre lation between the stations was used to get 
te monthly sum (ENDE 1984, HEC -4 1971) 

11 
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4. CALIBRATION AND RESULTS 

The parameter values obtained in the calibration procedure are listed 
for each basin in Tables 4-6. Below is given a short guide to the 
understanding of these tables. 

- The parameter AREA gives the area for each subbasin in km2. The 
first value corresponds to subbasin number l, the second to number 2 
etc (see the maps of the basins). 

ELEV, PELEV and EVDAY are parameters not used in Corani, Locotal and 
Miguillas. 

- LAKE is the part of each subbasin that consists of lakes and VEG is 
1-LAKE. 

- Q§ACT and CQ are coefficients used to convert observed discharges to 
m /sand reservoir levels to storage. 

- CP are the weights for each precipitation station. The number of 
values for each subbasin equals the number of precipitation sta
tions. 

- The estimates of monthly mean potential evaporation (in mm/day) is 
given in the parameter EVAP. 

The parameters from PCORR to MAXBAS may be given one value for each 
subbasin or the same value for the whole basin. For their explana
tion, see the model description of section 2. 

The parameters AREA, VEG, LAKE, CQ, QFACT and EVAP are fixed and nor
mally not changed during the calibration procedure. Some parameters, 
like the station weights and PCORR, may have limited periods of vali
dity, as a station is started or taken out of operation. 

The areal precipitation is determined as the weighted mean of the pre
cipitation of the stations. For Corani, Locotal and Miguillas these 
weights were determined in a subjective way. Another way is to use 
more objective methods, like the Thiessen polygones. However, when 
there are few stations, these methods do not take into consideration 
basin characteristics like topography and precipitation patterns. 

In none of the model calculations described in this report, the possi
bility of dividing the subbasins into elevation zones and applying a 
precipitation lapse rate to each zone was used. It was not considered 
meaningful as no simple relation could be found between precipitation 
and elevation. 
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PARAMETERFILE VALID DATE: 12-03-1986 
TIME: 15:42:12 

Nr Na1e Valid from 

I AREA 19b8 2 59.00 52.00 17b.OO 
2 ELEV 1%8 2 o.oo 0.00 0.00 
3 VEG 1%8 2 0.99 0.80 0.99 
4 LAKE 19b8 2 0.01 0.20 0.01 
5 PELEV 19b8 2 0.00 0.00 0.00 0.00 0.00 
7 QFACT 1968 2 0.01 -I .00 -1.00 0.00 
8 CP 1968 2 0.00 0.30 0.15 0.30 0.25 0.00 0.10 0.10 0.60 0.20 0.10 o.oo 

0.40 0.00 0.50 
10 CQ 19b8 2 I 1.00 0.00 1.00 -1.00 0.50 0.50 o.oo 0.00 
Il EVAP 19b8 2 I 3.32 3.68 3.10 3.10 3.55 3.40 3.16 3.30 3.33 3.48 3.93 3.48 
12 EVDAY 19b8 2 1 0.00 
20 PCORR 19b8 2 I 1.00000 
21 PCALT 1968 2 0.00000 
27 FC 1968 2 I 200.00000 
28 LP 1968 2 I 175.00000 
29 BETA 1968 2 1.25000 
3b PERC 19b8 2 1.00000 
37 UZL 1968 2 I 15.00000 
38 KO l9b8 2 I 0.90000 
39 Kl 1968 2 1 0.30000 
40 K2 1968 2 I 0.05000 
43 CEVP 1968 2 I 1.00000 
46 HAXBAS 1968 2 1.00000 
8 CP 1969 3 31 0.00 0.30 0.15 0.30 0.25 0.00 0.10 0. 10 0.60 0.20 0.00 0.00 

0.45 0.00 0.55 
B CP 19b9 10 31 0.00 0.30 o. 15 0.30 0.25 0.00 0.10 0.10 0.60 0.20 0. 10 0.00 

0.40 0.00 0.50 
B CP 1969 12 31 0.00 0.30 0.15 0.30 0.25 0.00 0.10 0.10 0.60 0.20 0.00 0.00 

0.45 0.00 0.55 
B CP 1970 10 31 0.00 0.30 0.15 0.30 0.25 0.00 o. 10 0. 10 0.60 0.20 0.10 0.00 

0.40 0.00 0.50 
8 CP 1979 3 31 0.00 0.80 0.10 0.10 0.00 0.00 0.25 0.10 0.65 0.00 0. 10 0.40 

0.40 0.10 0.00 
20 PCORR 1979 3 31 0.90000 
7 QFACT 19B2 I I 0.01 -1.00 0.00 -1.00 

10 CQ 1982 I I 1.00 0.00 1.00 -1.00 0.00 0.00 0.50 0.50 

Table 4. 
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PARAMETERFILE VALID DATE: 12-03-1986 
TIME: 15:41:00 

Nr Naae Valid from 

AREA 19b6 10 7.00 58.00 96.30 38.70 
2 ELEV 1966 I 0 0.00 0.00 0.00 0.00 
3 VES 1966 10 1.00 1.00 1.00 1.00 
4 LAKE 1966 10 0.00 0.00 0.00 0.00 
5 PELEV 1966 I 0 0.00 0.00 0.00 0.00 
7 QFACT 1966 10 0.01 0.01 0.00 
8 CP 1966 10 0.00 1.00 0.00 0.00 0.30 0.30 0.00 0.40 0.60 0.20 o. 10 o. 10 

0.00 0.00 1.00 0,0(1 
10 CQ 1966 10 -1.00 0.00 1.00 0.00 0.00 0.00 
11 EVAP 1966 10 2.05 2.43 2.00 !. 70 1.58 1.60 1.47 1.29 1.82 2.39 2.37 2. 19 
12 EVDAY 1966 10 · 0.00 
20 PCORR 1966 I 0 1.00000 
21 PCALT 1966 10 0.00000 
27 FC 1966 10 I 250.00000 260.00000 270.00000 380.00000 
28 LP 1966 10 I 225 .00000 
29 BETA 1966 10 I 1.50000 
36 PERC 1966 10 I 10.00000 B.00000 6.00000 5.00000 
37 UZL 1966 10 I 50.00000 50.00000 50.00000 60.00000 
38 KO 1966 10 I 0.40000 
39 Kl 1966 10 0.25000 0.25000 0.25000 o. 15000 
40 K2 1966 10 I 0.05000 
43 CEVP 1966 10 I 1.10000 1.15000 1.15000 1.40000 
46 11AXBAS 1966 10 1 1.00000 
8 CP 1967 I 0.00 1.00 (1.00 0.00 0.50 0.50 0.00 0.00 O.BO 0.20 0.00 0.00 

1.00 0.00 0.00 0.00 
B CP 1967 2 0.00 1.00 0.00 0.00 0. 10 0.50 0.00 0.40 0.50 0.30 0.00 0.20 

1.00 0.00 0.00 0.00 
8 CP 196B 3 31 0.00 1.00 0.00 0.00 0.00 0.50 0.00 0.50 0.00 0.50 0.00 0.50 

0.00 0.40 0.00 0.60 
20 PCORR 196B 3 31 O.B0000 
B CP 1969 6 0.00 1.00 0.00 0.00 0.10 0.50 0.00 0,40 0.50 0.30 0.00 0.20 

1.00 0.00 0.00 0.00 
20 PCORR 1969 6 1.00000 
B CP 1969 11 0.00 1.00 0.00 0.00 0.10 0.50 0.00 0.40 0.40 0.20 0.30 0. 10 

0.00 0.00 1.00 0.00 
8 CP 1976 8 31 0.00 1.00 0.00 0.00 0.50 0.50 0.00 0.00 0.40 0.20 0.40 0.00 

0.00 0.00 1.00 0.00 
B CP 197B I I 0.00 1.00 0.00 0.00 o. 10 0.50 0.00 0.40 0.40 0.20 0.30 o. 10 

0.00 0.00 1.(1(1 0.00 

Table 5. 
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BASIN: t1IGUILLAS 

pARAMETERFILE VALID DATE: 12-03-1986 
TIME: 15:38:53 

Nr Na1e Valid from 

I AREA 1971 b 45.00 145.00 230.00 

2 ELEV 1971 b 0.00 0.00 0.00 

3 VES 1971 b 1.00 1.00 0.95 

4 LAKE 1971 6 I 0.00 0.00 0.05 

5 PELEV 1971 6 I 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0,00 0.00 

7 QFACT 1971 6 0.01 
8 CP 1971 6 0.00 0.00 0.25 0.75 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.35 

0.45 0.00 0.00 0.00 0.00 0.00 0. 15 0.00 0. 15 0.20 0.00 0,00 
0.00 0.50 0.00 

to CQ 1971 6 1.00 
11 EVAP 1971 6 1 2.05 2.43 2.00 1.70 1.58 1 .60 1.47 1.29 1.82 2.39 2.37 2. 19 

20 PCORR 1971 6 l 1.05000 1.05000 1.26000 

21 PCALT 1971 b 1 0.00000 
27 FC 1971 6 1 250.00000 
28 LP 1971 6 200.00000 
29 BETA 1971 6 1.10000 
36 PERC 1971 6 1 3.00000 
37 UZL 1971 6 I 50.00000 
38 KO 1971 6 l 0.40000 
39 kl 1971 6 I o. 10000 
40 K2 1971 6 I 0.01000 
43 CEVP 1971 6 1.00000 
46 11AXBAS 1971 6 1.00000 
8 CP 1971 12 0.00 0.25 0.15 0.35 0.00 0.00 0.25 0.00 0.00 o. 10 o. 13 0.25 

0.30 0.10 0.00 0.12 0.00 0.00 0.11 0.08 0.11 0.08 0.11 0.00 
0.08 0.23 0.20 

8 CP 1972 7 I 0.00 0.15 o. 15 0.15 0.00 0.40 0.15 0.00 0.00 0.10 o. 10 0.25 
0.25 0. 10 0.10 0. 10 0.00 0.00 0.34 0.06 0.11 (1,06 0. I I 0.06 
0.06 o.oo 0.20 

8 CP 1975 " 0.00 0.15 0.15 o. 15 0.00 0.40 0.15 0.00 0.00 0.00 0.10 0.35 J 

0.35 0.00 o. 1(1 0.10 0.00 0.00 0,00 0.06 0.22 0.06 0.00 0.06 
0.40 0.00 0.20 

8 CP 1978 I I 0.00 o. 15 0.15 0.15 0.00 0.40 0. 15 0.00 o.oo 0.10 o. 10 0.25 
0.25 0. 10 0.10 0.10 0.00 0,00 0.15 0.06 0.11 0.23 0.11 0.02 
0.06 0.06 0.20 

20 PCORR 1978 1 1.05000 1.05000 1.26000 
8 CP 1978 12 0.00 0.35 0. 15 0.35 0.00 0.00 0. 15 0,00 0.00 0. 10 0.15 0.25 

0.30 0. 10 0.00 0.10 0.00 0.00 0.06 0. Il 0. 1 I 0.10 0.28 0.00 
0.34 0.00 0.00 

20 PCORR 1978 12 I 0.90000 0.90000 1.10000 

Table 6. 
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4.1. Corani 

The parameters determin2d in the calibration procedure gave an ex
plained variance (the R -value) of 0.75 for the period with observed 
discharge data (approximately 1968 to 1983). The volume errors in the 
computed discharges were small. Figure 9 a-b shows examples of model 
results for the subperiods December 1969 - April 1971 and December 
1980 to April 1982 . The duration curves for observed and computed 
discharges are shown in Figure 12. Rio Corani responds guickly to pre
cipitation, which shows for instance in the parameter KO, which is 
close to l. As the reservoir levels are used in the computation of the 
"observed" inflow to the reservoir, quite small errors in these measu
rements may sometimes cause considerable errors in the observed hyd
rograph, see for example July 1981. 

4.2. Locotal 

By setting the areas of subbasins numer l to 3 to zero the parameters 
for subbasin number 4 (see map, Figure 7) were determined by a separa
te calibration to discharge observations at Malaga 3200. This calibra
tion showed that the evaporation in this part was higher than for the 
rest of the basin (see parameters FC and CEVP), while the percolation 
to the lower zone of the response function was smaller. From knowledge 
of the basin characteristics, it was assumed that these parameters 
should be changed gradually from the lower to the upper parts of the 
basin. 

Figure lOa shows examples of model results for subbasin number 4, and 
figure 10 b-c for the whole basin of Locotal. 

The explained variance for the period with observed disharges was for 
Locotal 0.71. The volume errors are greater than for Corani and 
Miguillas but still of an acceptable order of magnitude. During some 
periods (for example 1981 and 1983) it is difficult to draw any conc
lusions about the model behaviour, as the observed discharge values 
are uncertain . 

4.3. Miguillas 

The highest mountain peaks in this basin are covered by snow, which 
could not be considered in the model calculations due to the lack of 
temperature data . However, when comparing the observed and computed 
hydrographs, it does not seem that the influence of snow melt and 
ablation is of great importance (see examples of Figure 11 and Figure 
12 d) . 

The precipitation correction factor, PCORR, was for subbasin number 3 
(the one of the highest altitudes) assigned quite a high value, 1. 26. 
It was assumed that the station mainly representing the altitudes of 
this subbasin considerably underestimated the precipitation. 

The volume errors in the computed discharges were small for Mi~uillas. 
For the periods with observed discharge data the explained var1ance 
was determined to 0 .80 . 
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5. CONCLUSIONS 

The application of the HBV-model to three Bolivian rivers shows that 
the model accounts for between 70 and 80 % of the variance of the 
observed runoff from these basins. The volume errors are small for two 
of the basins, Corani and Miguillas, but will for Locotal, for some 
periods, be of a higher order of magnitude. 

The numerically greater errors in Locotal can partly be explained by 
the higher precipitation in this basin than in the others. Sometimes 
there are also obvious errors in the observed discharges. But it is 
probable that the medel behaviour would be improved if more precipita
tion data were available. The amount of precipitation differs conside
rably between the four stations used and no geographical pattern could 
be found. 

As the coverage of precipitation stations for Miguillas is not satis
factory, the good results for this basin were a little unexpected. 
Knowledge of the basin characteristics where here essential to per
form the calibration. This made it possible to choose station weights 
and precipitation correction factors in an optimum way. 

The general conclusion, is that the HBV-model works well for Bolivian 
conditions and isa tool that can be used for hydropower planning in 
Bolivia. 
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APPENDIX 

Double mass plots of precipitation data 
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