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PREFACE 

The work described in this report is part of a collaboration 

project between Corporaci6n Aut6noma Regional del Cauca 

(CVC), Colombia, and the Swedish Meteorological and Hydro

logical Institute (SMHI) 

CVC is an entity, whose main objective is to promote the 

economic and social development of the upper Cauca basin in 

the provinces of Cauca and Valle as well as of part of the 

Colombian Pacific region. One specific objective is to regu

late the river, Rio Cauca, for flood control, hydropower 

generation and for pollution alleviation. 

The collaboration project deals with the application of the 

conceptual HBV model to the upper Rio Cauca. The work was 

started in February 1987 and completed in June 1988. The 

project was financially supported by the Swedish Agency for 

Technical and Economic Cooperation (BITS). 

We would like to thank the staff of the corporaci6n Aut6-

noma Regional del Cauca and the swedish Meteorological and 

Hydrological Institute for their valuable contributions to 

the project. Special thanks are due to Mr. Arne Forsman and 

Mr. Magnus Persson at the SMHI. 

Norrköping and Cali, June 1988, 

Martin Häggström 

Göran Lindström 

Luz Amelia Sandoval 

Maria Elvira Vega 



1. INTRODUCTION 

The Rio Cauca flows from south to north between the moun

tain ranges Cordillera Occidental and Cordillera Central in 

western Colombia. It hasa basin area of 58 500 krn2 and is 

the main tributary of the Rio Magdalena. 

A Swedish conceptual runoff medel, the HBV mode!, has been 

applied for the upper part of the Rio Cauca. The aim of the 

mode! application is to forecast the inflow to the Salvajina 

reservoir and also to forecast the discharge at a number of 

river sections downstream from Salvajina. The geographical 

situation of the project area can be seen in Figure 1. 

Bogota 
• 

BRASIL 

·, 

Figure 1. Geographical situation of the project area. 
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2. CONCEPTUAL RUNOFF MODELS 

2.1 General features 

The basic need for river basin development, both at the p lan

ning a nd at the management stages, is the evaluation of tem

poral and spatial water availability in the region. Conceptu

al runoff models can be very useful for the purpose, as they 

compute runoff from p rec ipitation as main input by quantify

ing the most dominant physical processes through a series of 

mathematica~ functions. The medels continuously account for 

the water in storage in the basin and are capable of continu

ous simulation of flow for as long a period of time as there 

are input data available. 

A common application of conceptual runoff models is for fore

casting purposes. As input to the model a meteorological 

forecast is often used. The lead time for the hydrological 

forecast depends on the reliability of the meteorological 

forecast and the dynamics of the river system. A river with a 

s1ow response is thus easier to forecast than one with quick 

response to rainfall or snowmelt. For long range forecasts, 

historie climate records can be used as input to the model, 

and the forecast can be based on a statistical analysis of 

several seguences of computed hydrographs. 

A common experience is that river runoff records at a partic

ular site in abasin are too short for reliable statistical 

analysis for design purposes. Missing data of critical high

flow periods are also frequent problems. Often, however, 

there isa relatively long period of rainfall data available 

in the basin. In this situation mathematioal medels conceptu

ally representing the runoff process can be useful for simu

lating missing runoff records, after calibration against 

existing data. 

Several runoff simulation models have been developed since 

the late 1950 1 s, e.g. the SSARR model (Rockwood, 1958), the 

--



Stanford Watershed Mode1 (Linsley and Crawford, 1960), the 

'l'ANK model (Sugawara, 1961), the Dawdy and o• Oonell model 

(Dawdy and O'Donell, 1965), the Boughton model (Boughton, 

1966), the Hydrocomp Simulation Program (Hydrocomp Inc., 

1969), the NWSRFS (NOAA, 1972), the UBC Medel (Quick and 

Pipes, 1972), the NAM Model (Nielsen and Hansen, 1973), and 

the HBV medel (Bergström, 1976). 

The complexity of these medels varies over a wide range, 

which also implies varying demands concerning computer facil

ities and input data. The HBV medel developed by the Swedish 

Meteorological and Hydrological Institute (SMHI), (Bergström, 

1976) is one of the simpler medels in the range but has 

proved to yield satisfactory results for both simulation and 

forecasting. 

2.2 The HBV model 

The HBV mode! isa conceptual runoff model for continuous 

ca1culation of runoff. Its formulation is easily understood, 

and computer and input data demands are moderate. The mode! 

is in most cases run on daily values of rainfall and esti

mates of potential evapotranspiration. If the snow routine of 

the model is to be used, it requires temperature data as 

well . The medel is usually run with a time step of 24 hours. 

A complete forecasting system based on the HBV rnodel has been 

developed at the SMHI for interactive use on an IBM personal 

computer. 

The HBV medel consists of routines for snow accumulation and 

melt, soil moisture accounting, runoff response and finally a 

routing procedure. The medel can be used in a distributed 

fashion by dividing the area into subbasins . Each subbasin 

can be divided into zones according to altitude and vegeta

tion. The mode! structure within a subbasin is shewn in 

Figure 2. 
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Figure 2. Basic structure of the HBV medel. 

The snow routine is based on a degree-day approach and runs 

separately for each elevation and vegetation zone. The varia

tion of temperature with altitude is accounted for by a tem

perature lapse rate . Thus the temperature is corrected from a 

weighted average altitude of the temperature stations in the 

subbasin to the mean a l titude of each elevation zone. Differ

ent snow melt rates in forested and non-forested land can be 

accounted for by a division into vegetation zones with sepa

rate degree-day parameters. 

The variation of precipitation with altitude can be accounted 

for by applying a precipi tation lapse rate in t h e same manner 

as for the temperature . I n addition, there isa general pre

cipitation correction parameter, which can be used for ad

justing the precipitation, when the stations are not repre

sentative for the basin . 

The soil moisture routine is the main part controlling runoff 

generation. It runs separately in each elevation and vegeta-



tion zone. The routine is based on three empirical para

meters, BETA, FC and LP, as shown in Figure 3. BETA controls 

the contribution to the runoff response routine (60) and the 

increase in soil moisture storage (1 - 6Q). In order to avoid 

problems with non-linearity, the soil moisture routine is fed 

by snowmelt and rainfall, millimetre by millimetre. The rou

tine results in a small contribution to runoff, when the soil 

is dry (low SSM values), anda great contribution when con

ditions are wet. FC is the maximum soil moisture storage in 

the medel, and LP is the value of soil moisture storage, 

above which evapotranspiration reaches its potential value. 

The actual evapotranspiration decreases with increasing soil 

moisture deficit. 

EA/EP 

1.0 

LP FC SSM 

SYMBOLS 

SSM • COMPVTEO SOIL MOtSTUR( STOR.AGE 
AP , CONTRIBUTION FROH R.AINF.All 0A SNO'WHE:l T 
40 • COHTRl8UTIOH ro THE RESPONSE FUNCTIOH/ 

RUHOff 
FC • MAXIMUM SOIL MOISTURE STORAGE 

8ET.A• Ef"PIRIC.AL COEFFICIENT 
EP• POTENtlAL EVAPOTRAHSP1RATIOH 
EA: COMPUrEO ACl'UAL EVAPOTRAHSPIRATION 
LP • LIMIT FOR POTENTIAL EVAPOTRANSPIRATION 

1.0 

0 FC SSM 

Figure 3. Schematic presentation of the soil moisture ac
counting in the HBV model. 

The runoff response routine transforms excess water from the 

soil moisture routine to runoff for each subbasin, see Figure 

4. It also includes the effects of direct precipitation and 

evaporation for open water bodies (LAKE) in ~he subbasin. The 

7 



8 

routine consists of two reservoirs, which distribute the 

generated runoff intime and can be used to obtain the quick 

and slow parts of the recession normally encountered in 

hydrograph ana l ysis. 

Aa 

SLZ 

ao = KO· (SUZ- UZU 

01= K1·SUZ 

TRANSF. 
FUNCTION 

QC 

SYMBOLS 
SUZ & STORACiE IN UPPER ZONE 
UZl • LIMIT FOR THIRD RUNOFF COMPONENT 
SLZ • STORA.GE IN L0\1/ER ZONE 
PERC • PERCOLATION TO LO\IIER ZONE 
P • PfRCIPI fA IION 0N LAl<ES 
EP • EVAPORA TION FROM LAKES 
Q0,01,02 • RUNOFf COMPONENTS 
KO, K1 ,K2 • RECESSION COEHICIENTS 

Figure 4. The runoff response function of the HBV moöel. 

The lower reservoir can be interpreted to represent ground

water and lake storage contributing to base flow. The drain

age is controlled by the recession coefficient K2. lf the 

yield (6Q) frorn the soil moisture routine exceeds the per

colation capacity (PERC), the upper reservoir will start to 

fill and be drained by the coefficient Kl. This represents 

water drained through more superficial channels. When the 

storage exceeds UZL, an even faster drainage will start 

according to l<O. 

The runoff is computed independently for each subbasin and 

then routed through a transformation routine to get the pro

per shape of the hydrograph at the basin outlet. There are 

three alternatives of transformation routines. The main rou

tine is based on the Muskingum routing method. If there isa 

lake at the outlet of a subbasin, the outfl ow from this lake 

can be calcul ated according to the rating curve. There is 

also a simple filter (unit hydrograph) with a triangular 

distribution of weights. 



The HBV medel is calibrated by a manual trial and error pro

cedure. Usually 5 - 10 years of observed daily discharge data 

are sufficient. To fit the medel three main criteria are 

used: 

l) Visual inspection of the computed and observed hydro

graphs. 

2) A continuous plot of the accumulated difference between 

the cornputed and observed hydrographs . 

3) The explained variance expressed as: 

n 

R2 = 
1 

_ t~l [ocornp(t) - 0obs{t ) ]
2 

n 

where: 

t~l [oobs(t) - 0obs]
2 

0 comp 
0obs 
t 

= cornputed discharge (m 3 /s}, 

= observed discharge (m 3 /s), 

= time variable (usually days), 

= number of timesteps, 
- 1 n - - tI:l Q b (t). n = o s 

In addition to these criteria, the calibration can be sup

ported by plots of the observed and computed flow duration 

curves. 

It is desirable to save a few years data for an independent 

test period. 

The HBV medel is usually used for forecasting purposes. Be

fore a forecast the medel is run on observed data until the 

timestep (day) before the timestep of forecasting. If there 

isa discrepancy between the computed and observed hydro

graphs during the last days of the run, updating of the medel 

should be considered. The HBV-model is updated by adjustment 

of either a few days of input data or the medel state with 

the intention of reducing the discrepancy. The updating pro

cedure isa manual iterative procedure, and usually tbe com

puted hydrograph is accepted after a few runs. For snowmelt 
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conditions there is also a semi-automatic procedure for up

dating the temperature. However , one should be cautious to 

update, and one has to be aware of the fact that the updating 

procedure can introduce additional uncertai nty. 

The model can be uaed for either short range or long range 

forecasts. 

The short range forecast is mainly used in flood situations. 

The runoff development is forecasted until the culmination 

has passed. A meteorological forecast is used as input, and 

there isa possibility to use alternative precipitation and 

temperature sequences in the same run. This is often desir

able due to the low reliability of meteorological forecasts, 

especial l y for precipitation. For snowmelt conditions it is 

often more useful to run the medel with a number of tempera

ture alternatives as input . 

Long range forecasts are mainl y usec fot· two purposes: pre

diction of peaK f l ow and of runoff vol ume. For regulation of 

hydropower reservoirs the remaining inflow toa given date is 

the most interesting figure, while in other basins the inter

est is concentrated towards the distribution of peak flows. 

The later aspect is, of course, the mest important, if flood 

damages is the main problem. on the other hand, for same 

rivers, low flow forecasts can be the mast interesting ones. 

The forecast uses precipitation and temperature data from the 

corresponding dates during preceding years as input . Usually 

data from at least 10 years are used, and often from 20 years 

or more. The distribution of the different simulations gives 

an indication of the probability that a given value wil.1. be 

exceeded . Based on that, the volume forecast is supplemented 

with a statistical interpretation of the result. 



J. DESCRIPTION OF BASIN AND CLIMATE 

3.1 Basin characteristics 

The Rio Cauca is one of the main Colombian rivers. A large 

number of people live in its drainage basin, which is one of 

the richest regions in the country. The river runs towards 

the north 1 200 km along an Andian valley, through the prov

inces of Cauca, valle, Risaralda , Caldas, A.nti6quia, Sucre 

and Bolivar . Its drainage basin covers 58 500 km2 , equiva

lent to 5 % of the total extension of the country. The HBV 

rnodel has been applied to the upper part of the river, from 

its origin in the province of Cauca down to La Victoria in 

the province of Valle, where the basin area is 16 284 km 2 . 

The Rio cauca initiates its course in the region of the 

volcanoes Sotara and purace, southeast of the city of 

Popayån. The first 70 km of the course runs in a northwest 

direction through narrow canyons. It then turns to the north, 

over 60 km of rolling country and narrow valleys, and in that 

reach the reservoir of Salvajina is situated . At Timba the 

river enters an alluvial plain and continues northward , form

ing meanders over a length of almost 400 km. The downstream 

end of the project area a l most coincides with the northern 

end of the plain. 

The western basin divide follows the Cordillera Occidental, 

which has peaks toan altitude of about 4 000 m. ln general 

the aititude of the divide is between 2 000 - 3 000 m. The 

eastern basin divide follows the Cordillera Central, which is 

higher, and the general altitude of the divide is 3 000 -

4 000 m. The southern basin divide against the Rio Patia 

has an altitude of l 500 - 2 000 m. The distance between the 

western and eastern divides is about 75 km, and the north

south 1ength of the project area is almost 300 km . 

The most conspicuous part of the Cauca depression is the 
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upper Cauca plain "El Val le" between Santander and Cartago. 

The average width of the southern part of this plain is about 

30 km, hut the northern part is only about 10 km wide. The 

Rio Cauca flows along the western side of the plain. Due to 

an asymetrical form of the valley, the crest of the Cordil

lera Occidental is nearer the plain than is the crest of the 

Cordillera Central. 

The geological history of the valley shows several periods, 

in which the floor was covered by a lake. Volcanic upheaval 

impeded the drainage of the valley and converted it toa 

lake, which was later drained. Sediments deposited during the 

lake stages have, however, mostly been eroded away. The area 

has instead been filled up with younger alluvial deposits . 

The tributaries entering the valley plain from the Cordille

ras have gradually built up alluvial fans, which on the east

ern side coalesce into a long alluvial plain. The actual 

flood-plain of the Rio Cauca is rather narrow , because the 

alluvial fans at both sides have advanced far towards the 

river. The Rio Cauc a isa meanoering river in the whole 

flat part of the valley and shows the normal pattern of aban

doned channels and natural levees (Reese and Goosen, 1957) . 

Forests cover only a minor portion of the mountains due toa 

combination of steep slopes and deforestation carried out by 

the population. Within recent centuries, and particularly the 

present, the forest-covered area has decreased under the 

impact of population expansion. Most of the remaining forests 

are situated in the Cordillera Occidental near the basin 

divide. In some small areas reforestation projects are car

ried out . 

The treeline isat about 3 000 m altitude and from 3 000 -

5 000 m there isa natural forestless stratum with shrub and 

grass vegetation called "paramos". Above the snowline at 

about 5 000 m altitude there are onl y insignificant areas. 

Most of the tributaries of the Rio Cauca can be considered 



as torrents due to physiographic, morphological and climatic 

characteristics of their drainage basins. That implies a 

rapid response to the short and intense rainfalls occurring 

in the area, producing very high peaks of short duration, 

though relatively low flows prevail for mest of the year. 

Contrary to its tributaries, the Rio Cauca presents rela

tively moderate variations. 

Large parts of t he Cauca plain are flood-afflicted, and some 

areas were earlier flooded every year. The floods are caused 

by long periods of rain and not by occasional rainstorrns. It 

has been estimated that for floods of the probability once in 

thirty years , the area inundated by the Rio Cauca at un

regulated conditions is about 1 000 km 2 • Large areas are also 

flooded by the tributaries. Other areas are flooded by inade

quate drainage of rainwater , and land neighbouring flooded 

areas suffers from high groundwater levels . The drainage of 

flooded areas is slow, due to river banks, which are often 

higher than the adjacent land (CVC, 1975). The last severe 

inundation was in October/November 1984, when an area of more 

than 250 km 2 of the valley floor was inundated . Other severe 

indundations during the last decades occurred in 1950, 1966, 

1971, 1974 and 1975. 

In order to alleviate the costly damages caused by overflows, 

CVC studied and designed the so called Cauca river regulation 

project with three main objectives, namely: (i) flood con

trol , (ii) pollution alleviation, and (iii) hydropower gener

ation. 

The project works consist of two main groups: (i} the dam and 

associated works at Salva jina for flood regulation; and (ii} 

the works in the flood plain consisting of levees, d:t·ainage 

canal s and pumping station. 

The Sal vajina reservoir started regulation in January, 1985 . 

Its overall volurne is 908 million cubic meters, of which 731 

million are useful reservoir . The maximum reservoir area is 

13 
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22 km 2 • The power generation installed capacity is 270 MW 

with three units of 90 MW each. Average annua1 energy produc

tion is l 050 GWh. 

During recent years, artificial levees have been constructed 

along the river banks. This has significantly reduced the 

overf.lows. 

The upper Cauca Valley is an economical.l.y important region 

with a population of about 3 millions. The biggest urhan 

community is the city of Cali, which has 1.4 million inhabit

ants. In the Cauca plain agriculture is very important. His

torically, sugar-cane has been the rnain crop. It is still the 

most important crop , but cultivation has decreased during 

recent years. Large areas of the plain, mostly on poorer 

soils, are used as pastures . 

J.2 Climate 

The Cauca Va11ey is located within the zone that is influ

enced by the intertropical convergence . As a result, it has 

two dry seasons and two wet seasons. The dry seasons occur 

from mid-Oecember through mid-March and from June through 

September with July and August being the driest months . The 

wet seasons occur from mid-March through May and from October 

through mid- December with October and November being the 

rainiest months. 

In the Cordillera Central near the eastern basin divide, 

there isa different precipitation pattern, which is similar 

to the pattern in the Llanos area in eastern Colombia. It has 

only one dry season with lowest precipitation in January and 

February and one wet season with highest precipitation ih 

July. The extent of the area with the L~anos precipitation 

pattern is not very well known. Bowever, it is situated at a 

high altitude, and part.ly coincides with the paramo, the 

forestless stratum above 3 000 m. 



The average annual precipitation has maximum values on the 

mountain slopes at an altitude of about 2 000 m and minimum 

values on the valley floor and in the paramo region. The 

highest precipitation, rnore than 3 000 mm annually, falls on 

the slopes of the COrdillera Occidental southwest of Cali. On 

the valley plain north of Cali and in the påramo region, 

the annual precipitation can be 1 000 mm or less. The distri

bution of the average annual precipitation can be seen in 

Figure 5. 

Most of the rain occurring in the area is of convective or 

orographic origin, and the intense precipitation events can 

often be identified as generated by a combination of these 

two rainfall types. Another interesting aspect is the fact 

that between 80 % and 90 % of the rain normally falls during 

the first three hours of a heavy rainstorrn. 

The average annual temperature on the valley floor is about 

24 °c. The seasonal fluctuations of temperature are insignif

icant and fo1low the general weather trend. The diurnal range 

is about 10 °c on the plain and sornewhat higher on the moun

tain slopes. The average temperature decrease is 5 - 6 °c per 

1 000 m of altitude. In the påramo region the ternperature 
0 

normally ranges between O and 12 c. 

The average relative humidity is 70 - 75 % on the valley 

plain and increases with altitude. The seasonal variation in 

relative humidity is small in spite of !arge variations in 

rainfall. 

Winds are primarily of local origin and can be described as 

light and predominantly diurnal in nature. During the day the 

wind blows from the valley towards the mountains and at night 

in the opposite direction. In the atmospheric layers immedi

ately above the mountains there is evidence that the winds 

are from the east or the southeast during most months 

{Schwerdtfeger, 1976). These winds are probably the reason 

for the differing precipitation pattern at high altitudes in 

the Cordillera Central. 
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Figure 5. Average annual precipitation in the upper Rio 
cauca basin (from Gonzalez, 1984). 



4, MODEL APPLICATION TO THE RIO CAUCA 

4,1 Basin subdivision 

The HBV model has been calibrated and adapted for forecasting 

at four streamflow stations in the Rio Cauca . They are 

Salvajina (3 652 Jan 2), Juanchito (8 584 km2), Mediacanoa 

(12 186 Jan2 ) and La Victoria (16 284 km 2 ). The average annual 

discharges are 140, 278, 333 and 390 m3 /s respectively . The 

locations of the stations and their basin divides are shown 

in Figure 6. 

The local basins for the mentioned streamflow stations and 

for the station Julumito (724 km 2 ) are natural subbasins in 

the model. Oue to big differences in altitude, vegetation, 

precipitation and runoff conditions, a further division into 

subbasins has been done. The borders of these subbasins do 

not follow hydrological basin divides. The intention has 

instead been to create more or less homogeneous regions. The 

possibility to divide into elevation and vegetation zones has 

not been used due to ah irregular precipitation pattern. 

Areas along the basin divide in the Cordillera Central with 

an altitude of more than 3 000 m were treated as separate 

model subbasins. These subbasins represent the påramo re

gion. They are indicated by No. 1, 4, 9, 13 and 17 in Figure 

7 . The remaining parts of the slopes of the Cordillera Cen

tralare denoted as subbasins No. 2, 5, 8, 10, 14 and 18. The 

slopes of the Cordillera Occidental have No. 3, 7, 12 and 16. 

An area close to the Savajina reservoir has No. 6, and sub

basins representing the alluvial plain have No. 11, 15 and 

19. 
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Figur 6. Locations in the Rio Cauca, for which the HBV 
rnodel has been adapted for forecasting. 
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Figure 7. Subbasins in the HBV model of the upper Rio 
Cauca. 
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4-2 In,eut data 

The precipitation input to the rnodel is taken from a number 

of precipitation stations representing each subbasin. Sta

tions situated within or near the actual subbasin were as far 

as possible selected, and altogether 58 stations were pre

pared for use. The homogeneity of the records was tested and 

some stations were eliminated due to non-homogeneity. Other 

stations were excluded, because they were considered not to 

give additional information. A.l..though the precipitation net

work in the upper Rio Cauca basin is rather dense, it is 

not evenly distributed. At high altitude, there are very few 

stations, and for some of the subbasins, stations far from 

the basin had to be used. Also in lower regions, it was found 

that the high spatial variability of the precipitation caused 

a great deal of uncertainty in the calcu l ation of areal aver

age precipitation. 

The weights of the precipitation stations for each subbasin 

were derived in a rather subjective manner, but a great deal 

of effort was spent on adjusting the weights as a way to 

increase the accuracy of the model simulation. Most of the 

model calibrations were based on input data from 42 precipi

tation stations in the total basin. However, for real tirne 

forecasting, many of these stations can not be used , as they 

are not available by telephone or any other way of quick data 

collection. Therefore, calibration also had to be carried 

out, based on a reduced precipitation network with 29 sta

tions. 

Due to the spatial variability of the precipitation and the 

uneven distribution of precipitation stations, some stations 

are more important than others. Unfortunately the remote and 

less populated areas in the mountains, where the precipita

tion is particularly irregular, are difficult to reach by 

telephone. The station Santa Teresa has been given a special 

role, as it is the only one in the reduced network that has 

the precipitation pattern of the "Llanos ", i.e. it has maxi-



rnum precipitation in June and July. This station has accord

ingly been given weight in all subbasins located at high 

altitude in the Cordillera Central. In the Cordillera Occi

dental, only two stations can be reached by telephone (El 

Topacio and Venecia). It was necessary to represent the pre

cipitation in the western subbasins by also using stations on 

the valley floor. This causes some problems, since the region 

receives very rnuch rain and there isa considerable variation 

in the east-west direction in this area . 

The measured precipitation had to be rnultiplied by a correc

tion factor to obtain an areal average precipitation of the 

right magnitude for each subbasin . The determination of cor

rection factors was based on the precipitation distribution 

map in Figure s. For some of the subbasins at high altitude, 

the correction factor was set as low as 0.6 due to the de

crease in precipitation with altitude above 2 000 rn. The 

subbasins in the valley plain have correction factors near 

1.0, as the altitudes of the precipitation stations represent 

the elevation of the subbasins relatively well. 

Temperature data were not used as input for this application , 

since the model only uses temperature in the snow routine. 

Although s'nowfall sornetimes occurs at high altitude, the snow 

cover mostly melts quickly and is on the whole negligible. 

The HBV model uses potential evaporation as an upper liruit 

for the computation of actual evapotranspiration. Monthly 

rnean values of the potential evaporation are often sufficient 

as input and were used in this application. These monthly 

mean values were calculated using data from 15 evaporation 

pans of type Class A, which have been in operation between 5 

and 20 years. The pans were selected from locations repre

sentative of the upper Rio Cauca basin, and they show a 

similar seasonal variation pattern. The difference is rnainly 

in magnitude, and it was found that the magnitude is related 

to altitude, as shown in Figure a. 

21 



22 

E 
mm 
5.0 

4.5 

4.0 

3. 5 

3.0 

2. 

\ 
\ ++ 
\ 

' + + 
+ \ + 

\ 
\ 

+ \ 
\ 

\ 
++\ 

'\ 
'.+ 

'-
+ " -::.., 

......... + .......... _ -- + 
+ - - -- - --

.-----------.-------,.--------.-.Alt. 
1000 2000 3000 4000 

Figure a. Average daily evaporation for Class Apans in the 
upper Rio Cauca basin versus alti tude. The dashed 
curve isa visually smoothed relation. 

The arithmetic means of the monthly mean values from the 15 

selected evaporation pans were calculated. These values are 

shown in Table 1 and represent the pan evaporation at an 

altitude of about l 500 rn. 

Table 1. Average monthly values of Class Apan evaporation 
(mm/day). 

J F M A M J J A S O N D 

3.8 3.9 3 . 9 3.6 3 . 4 3.3 3.9 4 . 0 3.8 3.6 3.4 3 , 5 



Since the Class Apan generally overestimates the potential 

evaporation, the values in Table 1 were reduced by multiply

ing with o.7 (as recommended by Torres and Yang, 1984). A 

further correction for altitude was performed for each sub

basin according to the smoothed relation of the data shown in 

Figure a. 

Although the annual mean variation pattern of Class Apan 

evaporation is rather similar for the whole region, the eva

potranspiration varies between individual years. As a test, 

the monthly mean values actually measured each year at Salva

jina were used as input to the medel for Salvajina instead of 

the standard values given in Table 1. However, this did not 

result in any visible improvement of the medel performance, 

and it was thus concluded that the standard values were suf

ficient for further model calibration. 

4.3 Overflow of river banks 

A special problem in the calibration has been overflow of the 

river banks at high water levels. In the overflow periods, 

large areas of the upper Cauca plain are inundated, and the 

dynamics of the flow drastically changes due to storage on 

the flood plain. In the medel, this has been described by 

simulating the river reach as a series of lakes with variable 

areas, from which the outflow is controlled by rating curves. 

Below the critical level of overflow, the lakes were given 

small areas corresponding to the river area in the subbasin 

and at higher levels rapidly increasing areas. Thus the flow 

is routed through lakes, and the Muskingum routing is not 

used for the subbasins with inundation lakes. 

During the calibration period, there were two occasions with 

extensive overflow: November/December 1975 and October/Novem

ber 1984. The inundated area in 1984 was largest in subbasin 

15 (N 100 km 2 ) and subbasin 19 (- 50 km 2 ) and less in the 

southern part of the p.lain. Due to construction of dikes 
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along the river banks the water stage, at which overflow 

begins, is now higher than in the past. 'rhe improvement of 

the dikes will probably continue, and this makes it difficult 

to adapt a mode! which is to be used for forecasting in the 

future. 

The medel was calibrated with two inundation lakes: one in 
subbasin 15 (Mediacanoa) and the other one in subbasin 19 (La 

Victoria). The less extensive overflow in subbasin 11 has 

been neglected in the model simulation. Information about the 

present critical levels for overflow and the maximum inun

dated areas in the 1984 overflow was used as a base for set

ting the water stage-area curves of the inundation lakes. 

Below the critical water stage of overflow the actual rating 

curves were used, but at higher stages the rating curves were 

calibrated . 

4.4 Irrigation losses 

Irrigation of agricultural land in the valley plain has be

come important during recent years. Most of the irrigation 

water is taken from small rivers entering the valley from the 

surrounding mountains, hut groundwater is also used. The 

irrigation modifies the water balance especially due toan 

increased evapotranspiration during dry periods. 

The quantitative influence of the irrigation is not very well 

known, and therefore it has been necessary to represent it 

schematically in the model. At low flow conditions, the out

flow from subbasins 7, 10, 12, 14, 16 and 18, which are adja

cent to the plain, has been reduced 50 % as representing 

irrigation losses due to increa~ed evapotranspiration. When 

the outflow exceeds a certain limit, the irrigation loss is 

decreased linearly until it becomes zero at ten times the 

limit. The reduction is made separately for each one of the 

mentioned subbasins , and the limit is set roughly proportion

al to the area of the plain, that is irrigated from the riv-



ers of the subbasin. The limit for 50 % reduction was set to 

5 m3/s for subbasins 12 and 16, 10 m3 /s for subbasin 7, 15 

m3/s for subbasins 10 and 18 and 25 m3/s for subbasin 14. 

Although the method used for taking irrigation losses into 

account is not supported by direct observations, it has given 

satisfactory results. During low flow periods, when the irri

gation losses are most important , the computed discharge for 

the Rio Cauca agrees quite well with the observed hydro

graph. 

4.5 Calibration 

The Rio cauca upstream and downstream from Salvajina has 

been treated as two separate model applications. The upstream 

application (called Salvajina) has six subbasins, No. 1 to 6 

in Figure 7, and the purpose has been to adapt the mode1 for 

forecasting the net inflow to the Salvajina reservoir. The 

downstrearn application (called La Victoria) has thirteen 

subbasins, No. 7 to 19 in Figure 7. The purpose has been to 

adapt the model for forecasting the discharge at the stream 

flow stations Juanchito, Mediacanoa and La Victoria. In this 

application the model computes the discharge of local origin 

downstream from Salvajina. To obtain the total discharge, the 

measured outflow from the Salvajina reservoir is added and 

routed through the model. The simulated inflow to Salvajina 

can not be used due to regulation of the reservoir. 

Discharge data for five stream flow stations in the Rio 

Cauca were used for the calibration. The stations are Julu

mito, Salvajina, Juanchito, Mediacanoa and La Victoria, and 

they are situated at the outlets of the subbasins 2, 6, 11, 

15 and 19 respectively, see Figure 7. For Julumito the only 

purpose was to check the interna! behaviour of the medel. 

From 21 January 1985, when the reservoir at Salvajina was 

taken into use, the ca!ibration was made versus the net in

flow to the reservoir. This is calculated from the measured 
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outflow {Salvajina-Efluente) and the change in water l evel in 

the reservoir. The net inflow calculated in this manner is, 

however, very uncertain due to water level fluctuations 

caused by wind stress , errors in reading etc. The medel was 

therefore set up with an option for calibration versus the 

natural discharge at Salvajina. This natural discharge (La 

Mina ) is calculated by correlation with the stream flow sta

tion Pan de Azucar upstream from the reservoir . 

Separate calibrations were also carried out for some stream 

flow stations in the tributaries of the Rio Cauca. The 

purpose was to collect information of how to set initial 

parameter values for different regions due to vegetation , 

altitude, etc. 

To make full use of the hydrographic information available, 

the interna! behaviour of the complete medel for the Rio 

cauca was checked with data from stream flow stat i ons in some 

of the main tributaries. The computed outfl ow from five of 

the subbasins was compared with the tributaries that most 

closely correspond to the subbasin in consideration , regard

ing location, size, precipitat i on and basin characteristics. 

Thus the following comparisons were made: 

Tabl e 2. Interna l checkpoints for the HBV model of the upper 
Rio Cauca. 

SUBBASIN STREAM FLOW STATION 

7 Timba-Timba 
8 OVejas-Abajo 

10 Palo- Puerto Tejada 
14 Guachal-Palmaseca 
18 Tulua-Mateguadua 

The discharge of the tributary was multiplied by a factor in 

order to rank the basin area of the tributary on apar with 

the area of the subbasin . The subbasin was not calibrated 

with respect to the tributary but slightly adjusted as re

gards dynamics and volume, keeping in rnind that the basins 



being compared partly represent different areas. With this 

set-up of the medel, information from the main tributaries 

can be used in a forecasting situation, which facilitates the 

updating procedure. This is particularly valuable with regard 

to the Rio Palo, which contributes quite significantly to 

the streamflow at Juanchito, especially at peak flow. 

4.6 Calibration results 

The calibration was carried out according to the three main 

criteria to fit the model that are described in Chapter 2.2. 

The calibration period was twelve years, 1975 - 1986, One 

year, 1987, was later added, but since this was a very dry 

year, it did not give further information of the behaviour of 

the model. Both the Salvajina and the La Victoria applica

tions were first calibrated with input data selected from all 

available precipitation stations. The parameter values that 

were finally determined can be seen in the parameter list in 

Appendix 1. Forecast versions based on a reduced number of 

precipitation stations with near real time data collection 

were later adapted by a few calibration runs, where only the 

general precipitation correction parameter (PCORR) and the 

station weight parameter (CP) were adjusted. The explained 

variance for the four points of interest for forecasting can 

be see n in Table 3. 

Table 3. The explained variance { R2 ) for mod el applications 
based on precipitation data selected from all avail
able stations and forecast applications based on 
precipitation data selected from 29 stations. 

R2 -VALUE FOR THE CALIBRATION 
BASIN AREA PERIOD 19 7 5 - 1986 

km2 Cornplete model Forecast model 
version version 

Salvajina 3652 0.78 Q.69 
Juanchito 8584 0.92 0.92 
Mediacanoa 12186 0.91 0,92 
La Victoria 16284 0.93 Q.93 
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Examples of the model-run results are shown in Figures 9, 10, 

11 and 12. The year of 1984 has been chosen for the examples 

since it was rainy and there was overflow of the banks of the 

Rio Cauca at the ena of the year. 

Duration curves of computed and recorded hydrographs for the 

calibration period 1975 - 1986 are shown in Appendix 2. The 

medel versions based on all available precipitation stations 

have been used. 

The main reason for difficulties in simulating the discharge 

at Salvajina (Figures 9 a and 9 b) is the spatial variability 

of the precipitation. A specific difficulty seems to be the 

simulation of peaks that originate from precipitation with 

the Llanos pattern (see Chapter 3.2) at high altitudes of the 

Cordillera Central. In the model application based on all 

available data there are 11 precipitation stations in the 

Salvajina basin, of which 2 have the Llanos pattern. 

In the forecast version for Salvajina it was necessary to use 

a station from far outside the basin to represent the Llanos 

precipitation pattern. The precipitation in the Cordillera 

Occidental is also poorly represented, since no station in 

that area of the Salvajina basin can be reached by near real 

time data collection. The uneven and sparse precipitation 

network is the reason for the much lower R2-value for the 

forecast version, see Table 1. 

The R2-values for Juanchito, Mediacanoa and La Victoria are 

higher than for Salvajina. This mainly depends on the fact 

that local rains have less influence due to larger basin 

areas and that the measured outflow from Salvajina is routed 

downstream. For the calibration period 1975 - 1986 the fore

cast versions have practically the same R2-values as the 

versions based on all available precipitation stations (see 

Table 1). This is somewhat surprising, since only a few pre

cipitation stations in the Cordillera Occidental can be used 

in the forecast version. However, when the mede l was used for 
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simulating the flow during 1987, the forecast versions had 

lower R2 -values. 

The most difficult to simulate was the overflow of the banks 

of the Rio Cauca. Upstream of Juanchito, however, overflow 

has been disregarded, since it is less extensive there than 

further downstream. This can be seen as a small overestima

tion of the rising limb and the peak value of the flood in 

Juanchito in october/November 1984 (Figures 10 a and 10 b). 

The simulations for Mediacanoa (Figures 11 a and 11 b) and 

for La Victoria (Figures 12 a and 12 b) succeeded relatively 

well due to the applied inundation lakes. 

The effect of artificial levees that are high enough to pre

vent overflow, has been illustrated by running the model 

without inundation lakes at Mediacanoa and La Victoria. The 

result of that simulation for 1984 is shown in Figures 13 and 

14. When comparing with the ordinary simulations in Figures 

11 a and 12 a, one can see that the overflows have effective

ly moderated the flow peaks. 

The Salvajina reservoir is to be regulated in order to de

crease flood peaks and increase the discharge during low flow 

periods. The effect of the regulation can be illustrated, if 

the natural computed discharge at Salvajina is fed into the 

model instead of the regulated outflow. As an example, the 

ordinary simulation for 1987 at Juanchito is shown in Figure 

15 and the simulation based on natura! discharge from Salva

jina in Figure 16. 
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Figure 13. Model results in 1984 for Mediacanoa without simu
lation of overflow. 
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4.7 Forecasting 

When the calibration work was finished in March 1988, the 

procedure to make real time forecasts was tested, Both short 

range and long range forecasts were then made. Precipitation 

input data for the last days up to the day of forecasting 

were collected by telephone or radio communication. The col

lection process worked relatively well, bearing in mind that 

some precipitation observers were not used to the new rou

tines. 

The forecasts for Juanchito, rnade the 8th of March 1988, are 

shown in Appendix 3 as examples. The forecast version of the 

medel was run on actual data from the 1st of January to the 

7th of March. No updating was necessary, since the sirnulated 

flow was in good accordance with the observations. 

A short range forecast was made for five days, Figure A 3.1, 

and the regulated outflow from Salvajina, according to the 

regulation plan, was fed into the model. Three alternative 

sequences of precipitation input were used: 

1. Forecasted precipitation according to the global forecasts 

from the European Center for Medium Range Weather Fore

casts (ECMWF) in Reading, United Kingdom. This forecast 

for the five days was O, O, O, 0 and 26 mm. 

2. Ten millimetres of precipitation each day. 

3. Twenty millimetres of precipitation each day. 

The precipitation sequence according to the ECMWF gave the 

lowest forecasted flow, see Figure A 3.1. Later it turned out 

that the predicted precipitation sum for the 5-day period was 

too low and that most of the rain came during the two first 

days while the remaining days were almost dry. The precipita

tion sequences with 10 and 20 mm each day were used for il

lustrating the effect of the beginning of a more rainy peri

od. With 10 mm each day the model gave a slightly increased 

flow, but with 20 rnm the flow increased rapidly. 



A long range forecast was made from the 8th of March to the 

31st of May 1988. Precipitation data from the corresponding 

dates during the period 1975 to 1987 were used as input. The 

result of the thirteen different simulations with tabulated 

values of the highest peak for each simulation is shown in 

Figure A 3.2. The forecasted accumulated volume is given in 

Figure A 3.3. 

Volume forecasts are primarily of interest for the regulation 

of the Salvajina reservoir. Downstream of Salvajina, the 

distribution of peaks is more interesting than the volume 

forecast. From Appendix 3 it can be seen that for Juanchito 

the probability of exceeding 500 m3 /s and 600 m3 /s was pre

dicted as roughly 40 % and 10 % respectively during the peri

od from the 8th of March to the 31st of May, 1988. The peak 

also seemed more likely to occur in May than in April or 

March. 

When in a forecasting situation there isa considerable dis

crepancy between the observed and simulated flow , it is ad

visable to update the model. The set-up of the model for the 

upper Rio cauca, with a number of internal check points at 

some main tributaries and at Juanchito and Mediacanoa, sim

plifies the updating procedure. It is thus possible to dis

cern the geographical location of an error and make a proper 

correction. This type of updating will imply that one should 

adjust the model state in the subbasin of interest instead of 

adjusting the input data. The latter is the most common way 

of updating the HBV model, but it has in this case the draw

back of affecting the whole basin, rather than only the sub

basins, from which the error originates. Updating of the 

model state will mainly involve adjustments of the storage in 

the soil moisture zone and in the upper or the lower zone 

some days before the date of a forecast. 

The limited number of forecasts carried out at the time of 

writing this report makes it difficult to evaluate the capa

bility of the HBV model to predict the flow in the upper 
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Rio Cauca. The fact that the measured flow is reproduced 

fairly well by the model indicates that the forecasts should 

be useful. However, the accuracy of a hydrological forecast 

is highly dependent on the accuracy of the precipitation 

forecast, and quantitative precipitation forecasts are not 

very trustworthy. The forecasts roade by ECMWF could further 

be tested as input to the HBV model for the upper Rio 

Cauca. 



5. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

The application of the HBV model to the upper Rio Cauca 

shows that the model accounts fora large part of the vari

ance of the observed runoff. The explained variance for the 

calibration period is almost 80 % for the inflow to the 

reservoir at Salvajina and over 90 % at the three points of 

interest downstream of Salvajina, namely Juanchito, Media

canoa and La victoria. The volume errors are small, and the 

simulated peaks are in good agreement with observations. The 

medel should, therefore, be a valuable tool for forecasting 

the flow in the upper Rio Cauca. 

The medel is also a convenient tool for simulating the flow 

in the Rio Cauca, as if the reservoir at Salvajina had 

never been built. It can further be used to investigate the 

effects of the construction of dikes. 

The results were encouraging, when the density of the preci

pitation network was decreased from 42 to 29 stations in the 

total basin. The reduction had negligible effect on the medel 

performance downstream from Salvajina, and this indicates 

that it may be possible further to reduce the number of sta

tions that are needed in a forecasting situation. A continued 

rernoval of stations could also identify key stations, from 

which reliable data transfer is most important. However, in 

some parts of the basin there isa need for more precipita

tion stations that can be reached in a forecasting situation. 

The climate of the upper Rio Cauca basin is to some extent 

influenced by the southern atmospheric oscillations, which 

cause the ocurrence of the warm ocean current ''El Nin'o 11 along 

the Peruvian coast. When the atmospheric oscillations are 

favourable to "El Ni;;-o", the flow of the Rio Cauca is low 

and vice versa (Riehl, 1984 ) . This knowledge could be used 

for improving the long term forecasts. For example, years 

with clearly different states of the oscillations could be 

excluded from the statistical analysis. 
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By studying the effects of changes in land use practice on 

small reference basins, one can gather experience on how the 

mode! parameters should be changed to represent the old and 

new conditions. Examples of such land use changes are clear

felling and afforestation. 

Due to its conceptual structure, it has been possible to use 

the HBV model for simulations of groundwater recharge and 

groundwater levels (Bergström and Sandberg, 1983). The model 

can therefore be used as a reference to distinguish short 

term variations in groundwater storage, caused by weather 

fluctuations, from long term changes, caused by for example 

irrigation. 

The soil moisture routine of the HBV model performs a water 

balance calculation. A further development and verification 

against soil moisture measurements was carried out by Anders

son (1988) . As the medel gives daily estimates of the soil 

moisture deficit, it could probably be used for assessments 

of the need for irrigation. 
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APPENDIX l 

PARAMETERFILE 

Nr Hue Vil 1d fr01 

I AREA 1975 I I 450.00 2?~.00 ~00.00 350.00 1150.00 JoeB.00 
2 ELEV J97S I I 3soo.oo esoo.oo 2~00 .00 Jsoo.oo 2000.00 11,00.00 
3 m 1975 I I 1.00 J.00 1.00 1.00 1.00 1.00 
4 LA~E 1975 I I 0.00 0.00 0.00 0.00 0.00 0.00 
5 PELEV 1975 I I 3420.00 2aoo.oo 1100.00 1300.00 mo.o(J mo.oo ieoo .oo 11bo.oo 2320.00 11i10.oo 2900.00 mo.oo 

1646.00 3690.00 2430.00 
7 l!FACl 1m I I 
10 co I 975 I I 
! I EVAP ms I I 

13 REPL 1975 I 

lb SUBQR 1975 I I 
19 FELEY 1m 1 I 
eo PCORR 1975 I I 
21 PCALl 1975 J J 
27 FC 197S I I 
ea LP 1975 I I 
29 BETA 1975 1 l 
3b PERC 1975 I 1 
37 UZL 1975 I I 
38 KO !975 I I 
39 Kl 1975 I I 
40 K2 !975 I 
41 DAMP 1975 I 
43 CEVP 1975 J I 
46 NAXBAS 1975 I I 
47 BLAG 1975 J I 
49 PATH 1975 I I 

3 UES 1995 J 21 
\ LAJ:E 1985 l 21 
7 QFACT 1985 I 21 

10 co 1985 I 21 

Total weightts 

Nr NHP 
l L1guna San Rafael 
2 Coconuco 
3 El l11bo 
4 Dinde 
S Silvia 
6 Piend110 
1 Pan d! A2ucar 
9 S1lui1n1 
9 Jubalo 

10 Nonduo 
11 P1lttar11 

12 Aeropuerto "•chan9ar1 
13 El Topacio 
14 S11nl • Ttr,u 
15 H11dend11 Cnp,nteria 

Figure A 1.1 

1.00 1.00 1.00 1.00 o.oo 
0.00 0.00 0.00 o.oo 1.00 o.oo 0.00 0.00 0.00 0.00 
3.80 3.90 3.80 3.bO 3.40 3.30 3.90 4.00 3.80 3.b0 u o 3.5(1 

11.00 12.00 4.00 3.00 2.00 5.00 8.00 ? .oo 1.00 0.00 1.00 2.(10 
15.00 1.00 ~.00 

o.oo 1.00 0.00 o.oo o. oo o.oo 
o.oo 
o. 75000 0. 90000 J.00000 o. 80000 o. 900~0 o.95000 
0.00000 

50.00000 200.00000 300.00000 50.00000 300.00000 300.00000 
50.00000 150.00000 200.00000 S0.00000 200.00000 200 .00000 
1.00000 I. 50000 2.00000 1.00000 2.00000 2.00000 
J.50000 • uoooo 4 .00000 1.50000 uoooo 4.00000 
5.00000 30,00000 30.00000 5.00000 30 .00000 30.0000(1 
0.b0000 0.40000 0.40000 0.60000 0.40000 0,40000 
o. 10000 0.07000 0.07000 0.10000 0.07000 0.07000 
0.03500 0.03500 0.03500 o. 03500 0.03500 0.03500 
0.00000 0.20000 0.00000 0 .20000 0 .00000 0.00000 
0 .50000 o.ssooo 0.b0000 0,50000 0.65000 o. 7000~ 
1.00000 1.00000 l.0000(1 L00(100 I. 00000 1.00000 
0.50000 0.50000 0.50000 o. 50000 0.50000 0.00000 
2.00000 6.00000 6.0000(1 5.00000 4.00000 0.00000 
1.00 1.00 1.00 1.00 1.00 0.9S 
0.00 o.oo o.oo o.oo o.oo 0.05 
1.00 1.00 1.00 1.00 -5.00 
o.oo 0.00 o.oo 0.00 0.00 0.00 1.00 o.oo 1.0(1 • 1.00 

corrected by multiplication with PCORR 

Subc1tc11nt nr: 

I 2 3 4 5 6 Total m 
0.40 0.25 0 0.40 0 0 9.42 
0.20 0.30 0 0. 10 0,15 0 9.91 

O o 0.20 0 0,10 0,30 JUS 
0 0 0.50 0 0 0.10 9.09 
0 0 0 0.15 0.20 0 7.60 
0 0 0 0 0,30 0. 10 12 .46 
0 0 0.10 0 0 0.30 10.17 
0 0 0.20 0 0 0.20 8.40 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0.40 0,25 0 0 0 0 6.00 
0 0.20 0 0 0.25 0 9.40 
0 0 0 0 0 0 0 
0 0 00.35 0 0 2,99 
0 0 0 0 0 0 0 

Parameter list for the Salvajina applicat~on of 
the HBV model. The CP-parameters (weight coef
ficients of precipitation stations) are given 
in t h e lower table. 

A 1. 1 



A 1.2 

PARAl1ETERF I L,E 

"r Hoe Val I~ fro1 

1 AREA 1975 850.00 1200.00 soo.oo 1100.00 12ee.oo m .oo ,50.00 1000.00 uo2.oo 800.00 \50.00 2000.00 
84B.00 

2 ELEV 1975 2000.00 1900.00 3500.00 1900,00 1000.00 1700. 00 3500,00 2100.00 1000.0(1 1800.00 3000.00 1700.00 
J000. 00 

3 VE6 1975 1 J.00 l .oo J.00 1.00 0.95 1.00 1.00 1.00 0.95 1.00 1.00 1.00 
0.95 

LA~E 1975 1 o.oo 0.00 0.00 0.00 0.05 0.00 o.do 0.00 0.05 0.00 0.00 0.00 
0.05 

5 PELEV 1975 I I 2650.00 m o.oo 1100.00 2m.oo mo.oo 986.0(/ 1500.00 9B0.00 1527.00 1676.00 970.00 1871.00 
mo.oo 1030,00 mo.oo 1m.oo J69e.oo 972.00 1069,00 961 .00 1433.oo 2609.oo m.oo 1m.oo 
27B3.00 1861.00 I0lU0 1683.00 1m.oo 951 .oo 1~~0.00 m.oo 1m.oo 3100.00 1600.00 913.00 

0.00 0.00 0.00 0.00 0.00 0.00 0.00 
1 QFACT 1975 I 1.00 1.00 1.00 1.00 1.00 1.00 2, 12 I , I,/, 3,3b 1.26 0.00 1.98 

0.97 0.00 0.00 0.00 0.00 
10 co 1975 J I 0.00 o.oo 0.00 0.00 I .00 0.00 0.00 0.00 0.00 0.00 
I l EVAP im I I 3.80 3.90 3.80 3.bO 3.•o 3.30 3.90 ~.00 3,80 uo 3,40 3,50 

13 REPL 1975 I I 2.00 3.00 6.00 1.00 o.oo 3.00 o.oo 43.00 0.00 6.00 8.00 0.00 
~2.00 ~2.00 13.00 o.oo o.oo 20.00 8.00 18.00 o.oo 26.00 18.00 2B .00 

0.00 27 .oo 23.00 2, .00 10.00 0. 00 28.00 27.00 o.oo 0.00 o.oo o.oo 
o.oo o.oo 0.00 o.oo 0.00 14.00 19 .00 

J6 SUBOR 1m 7.00 I .00 o.oo 13 .00 9.00 o.oo o.oo 10.00 ~.oo 0,00 0.00 9.00 
o.oo 

17 P~DD 1975 I o.oo J.00 o.oo o.oo o.oo o.oo 0.00 0.00 u.oo o.ou o.oo o.oo 
o.oo 

20 PCORR 1975 J I 1,05000 o.moo 0.60000 o.0sooo 0.95000 o. 70000 0.60000 o.esooo 
o. 95000 0.85000 0,60000 0, 90000 o. 90000 

21 PCALT 1975 I 0.00000 
27 FC 19?5 I J 200.00000 300.00000 50.00000 300.00000 200.00000 200.00000 50.00000 300. 00000 

200 .00000 200.00000 50.00000 300.00000 200.00000 
28 LP J97S 150.00000 250.00000 50.00000 250.00000 J00.00000 150. 00000 50.(10000 250.00000 

100.00000 15-0.00000 50.00000 m.00000 100.00000 
29 BETA 1975 I I 2.00000 2.00000 1.00000 2.00000 2.00000 2.00000 1.00000 2.00000 

2.00000 2.00000 1.00000 2.00000 2.00600 
91, PERC 1975 3.00000 3.00000 1.00000 2.00000 2.00000 2.0000(• 1.00000 2.00000 

2.00000 2.00000 I .00000 uoooo 2.00000 
97 UZL 1975 I I 30.00000 30.00000 10.00000 20 .00000 30.00000 20.00000 10.00000 20.00000 

30 .00000 20.00000 10.00000 20.00000 30.00000 
38 KO 197S 0.30000 
39 Kl 1975 0.10000 
~o K2 1975 0. 09000 0.01500 o.o~ooo 0.03000 0.01000 0.03000 0. 0\000 0.03000 

0,01000 0.03000 0.04000 0. 03000 0.01000 
41 DAftP 1975 I 0. 20000 0,30000 0.00000 0.20000 0.30000 o.eoooo 0.00000 0.20000 

0.30000 0.20000 0.00000 0 .20000 0.00000 
43 CEYP 1975 I l 0.60000 0,65000 uoooo 0.65000 0.85000 o.moo 0.50000 0.60000 

0.85000 0.65000 0.50000 0,60000 0 .85000 
41t LAREA 1975 0.00000 0.00000 0.00000 0.00000 0.00000 o. 00000 0.00000 0.00000 

• I I. 00000 0.00000 0.00000 0.00000 ·19.00000 
~b ftAlBAS 1975 I I 1.00000 1.00000 J.00000 1.00000 1.00000 1.00000 I ,00000 l.00000 

1,00000 1.00000 I ,00000 1.00000 1.00000 
~7 BLAB 1975 0,50000 1.20000 0.50000 1.00000 0.00000 0.00000 o. 50000 0.00000 

0.00000 0.00000 0.50000 0.00000 0.00000 
lie WIIREL 1m I I 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 0.0000(! 

2 ,00000 0.00000 0.00000 0.00000 8.00000 
~9 PATH 1975 5.00000 5,00000 \,00000 s.00000 9.00000 9.00000 8.00000 9,00000 

13.00000 13.00000 12.00000 13. 00MO 0.00000 
so URED 1975 I I 4.00000 0.00000 0.00000 5,00000 0.00000 3.00000 0.00000 7 .00000 

0.00000 3.00000 0.00000 5.00000 0.00000 
16 SU8QR 1995 I 21 7.00 2.00, 0.00 13.00 3.00 o.oo o.oo 10.00 uo o.oo 0.00 9,00 

0.00 
17 OADD 1985 I 21 o.oo 2.00 o.oo o.oo o.oo o.oo 0.00 0.00 o.oo 0.00 0.00 o.oo 

0.00 

Figure A 1.2 Parameter list for the La Victoria applicat ion 
of the HBV model. CP-parameters in separate 
figure. 
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LA VICTORIA 
Total weights corrected by multiplication with PCORR 

Subcatcaent nr: 

Nr Na1e 1 2 3 4 s 6 7 B 9 10 11 12 13 Ttotal m 
1 Silvia 0 0.15 0 0 0 0 0 0 0 0 0 0 0 l.44 
2 Piendaao o o.eo 0 0 0 0 0 0 0 0 0 0 0 1.92 
3 Salvajina 0.30 0.15 0 0 0 0 0 0 0 0 0 0 0 3.37 
4 Ja1balo 0 0 0,25 0,30 0 0 0 0 0 0 0 0 0 3. lb 
5 Nondo10 0 0.30 0 0 0 0 0 0 0 0 0 0 0 2,88 
b La Balsa 0 o. 15 0 o o.eo 0 0 0 0 0 0 0 0 3.72 
7 El Trapiche 0 0 0 0.30 0 0 0 0 0 0 0 0 0 2.50 
B Villarica 0 0 0 0 0.30 0 0 0 0 0 0 0 0 3.42 
9 Sillarkanda 0.40 0 0 0 0 0 0 0 0 0 0 0 0 2.57 

10 El TDpacio 0.30 0 0 0 0 0.10 0 0 0 0 0 0 0 2.35 
11 Univalle 0 0 0 o o.eo 0 0 0 0.15 0 0 0 0 4.42 

12 San Pablo 0 0 0 0 0 0.40 0 ' 0 0 0 0 0 0 1.66 
13 Los Alpes 0 o o.es 0.20 0 o 0.20 o.es 0 0 0 0 0 4.70 
14 Florida 0 0 0 0 o. 10 0 0 o o.eo 0 0 0 0 3.99 
15 Santa Teresa 0 0 o.so 0 0 0 0.60 0 0 0 0.50 0 0 4, 18 
16 San Eaigdio 0 0 0 0 0 0 0 0.35 0 0 0 0 0 2.65 
17 Villaaaria 0 0 0 0 o o.es 0 0 0 0 0 0 0 1.04 
18 6uacari 0 0 0 0 0 0 0 o o.eo 0 0 0 0 e.0s 
19 Bocatoaa 0 o.os 0 0 0 0 0 0 0 0 0 0 0 0.48 
20 Aeropuerto Pal1aseca 0 0 0 0 0 0 0 0 0.35 0 0 0 0 4.99 
21 El Caney 0 0 0 0 o o.es 0 0 0 0.25 0 0 0 2.96 
22 Tenerife 0 0 0 0 0 0 0.20 0.30 0 0 0 0 0 e.7s 
23 Acueducto Buga 0 0 0 0 0 0 0 0.10 0.10 0 0 0 0.20 3.69 
24 La Pri1avera 0 0 0 0 0 0 0 0 0 0 0 0, 15 0 2.27 
25 La 6itana 0 0 0 0 0 0 0 0 0 0 0.20 O. IS 0 2,83 
26 l'lonteloro 0 0 0 0 0 0 0 0 0 0 0 o. 10 0 1.51 
27 Acueduclo Tulua 0 0 0 0 0 0 0 0 0 0 0 0 0.30 2.26 
28 Puerto Frazadas 0 0 0 0 0 0 0 0 0 0 0 0.20 0 3.03 
29 Venecia 0 0 0 0 0 0 0 0 0 0.50 0 0 0 3.84 
30 La Herradura 0 0 0 0 0 0 0 0 0 0,25 0 0 0.30 4.19 
31 Heraclio Uribe 0 0 0 0 0 0 0 0 0 0 o o.eo 0 3.03 
32 La Union (Centro Ad1l 0 0 0 0 0 0 0 0 0 0 0 0 0.20 J.51 
33 ~iravalles 0 0 0 0 0 0 0 0 0 0 0 0.10 0 1.51 
34 Barragan 0 0 0 0 0 0 0 0 0 0 0.30 0.10 0 2,35 
35 Argelia El Recreo 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
36 Santana 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
37 Tesorito 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
38 Caloto 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
39 Corinto 0 0 0 0.20 0.20 0 0 0 0 0 0 0 0 3.95 
40 La Selva 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
41 Venus 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
42 Planta Ni1a No.1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
43 Inst. T!c, Santander 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure A 1.3 CP-parameters (weight coefficients of p.recipi -
tation stations) for the La Victoria applica-
tion of the HBV model. 
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Figure A 2.1 
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Duration curves 1975 - 1986 of computed and 
recorded hydrographs for Salvajina. 
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Figure A 2.2 Duration curves 1975 1986 of computed and 
recorded hydrographs for Juanchito. 
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Figure A 2.3 Duration curves 1975 1986 of computed and 
recorded hydrographs for Mediacanoa. 
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Figure A 2.4 Ouration curves 1975 1986 of computed and 
recorded hydrographs for La Victoria. 
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APPENDIX 3 

R~c. Q .. ····· ... ······ ..... .. 

BASIN: LA VICTORIA 
SUBF.IASIN 5 

200 

:200 

Sc,i lrw:•i • t 

DATE PREC SOIL U2 LZ QCOMP QREC ACCDIFF EVAP CDRR OF P 

68(1301 
9803C1e 
880303 
98(13(14 

B80305 
89(1306 
88(1:307 

0 .2 
(I• (I 

0. (I 

0. Cl 
0,(1 

0.0 
16.3 

85.7 
8:3. 0 
se,. 3 

77.7 
75.2 
72.7 
84.8 

BASINi LA V?CTDRIA 
SUBBASlN 5 

PREC SOTL. 

o.o 62 . 7 J99.7 208.0 
o.o 62.o 200.1 eeo.o 
o.o 61,2 193.6 215,0 
0,0 60.4 179.5 108.0 
o.o 59.6 171.5 177.0 
o.o 58.9 160.5 163 .0 
0.2 6 0. 1 156 .0 145. 0 

- 1.6 2.9 
-2. 0 2.e 
-2.4 2.7 
- 1.1 e.6 
- 1. 2 2.5 
-1.3 e.4 
-1. 1 2.6 

UZ LZ OCOMP QREC ACCDIFF EVAP CORR OF P DATE 

880308 
880309 
880310 
880311 
980312 

o.o ee.1 0.0 59,6 172.1 FORECAST 
0.0 79.4 o .o 58 .8 168.2 
o.o 76.9 o.o 58.0 166.4 
0.0 74.4 o . o 57.3 165.0 

eo.o 94.4 e.o 56,6 175.6 

BASIN: LA VICTOR IA 
SUBBASIN 5 
DATE PREC SOlL UZ LZ QCOMP QREC ACCD1FF EVAP CORR OF P 

880308 
980309 
88031(1 
880311 
8803 12 

10 .0 90.6 
1(1.(1 96.(l 

0.0 61,2 17~.5 FORECAST 
o.o 62,3 101. 7 

2 

10 • Cl 1 00 . 9 
10 .o 1CJ5. 4 
10. (I 109 . 7 

BASIN: LA VICTORIA 
SUBBASIN S 
DATE 

880308 
880309 
980310 
880311 
880312 

PREC SOIL 

ec,.o 98,8 
20.0 111.0 
ec,. o 1 22 . 1 

eo.o 131.9 
eo.c, 140.s 

0.1 63.5 190.4 
o.4 64.7 eoo.9 
Q.9 6S.9 2 13. 9 

UZ LZ QCOMF' 

1 ,8 61,:3 183 ,2 
4.3 62.~ 210.8 
7.7 63.7 250.8 

11.7 64.9 301.3 
16.4 66.1 370.1 

QREC ACCDIFF EVAP CORR OF P 

FORECAST 3 

Figure A 3.1 Model simulation 1988-01-01--03-07 for Juan
chito, followed by a 5-day forecast. Three 
alternatives of input data were used for the 
forecast. 
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Forecast 1988 3 B u•lng data ~ro~ the 13 prevlou• yaar• 

CRONOLOGICAL ORDER ORDER OF MAGNITUDE 

Seq 
nr 

e 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Yeer 

1975 
1976 
1977 
1978 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
198~ 
1987 

Figure A 3.2 

F·ec1k 
m3/s 

396 
356 
337 
600 
565 
18(> 

517 
504 
5(11 
485 
351 
440 
385 

Mc,nth 
/Oe.y 

5 4 
5 6 
3 29 
5 3 

4 28 
5 2 
s ~ 
4 12 
4 14 
5 27 
5 18 
4 26 
5 6 

Ye;;,r 

1978 
1979 
1981 
198e 
1983 
1984 
1986 
1975 
1987 
1976 
1985 
1977 
196(1 

Pel!llt 
m3/s 

600 
565 
517 
504 
5 0 1 
485 
440 
396 
385 
356 
351 
3:37 
18(1 

Mc,nth 
/Day 

s 3 
4 28 
~ 8 
4 12 
4 14 
5 27 
4 26 
5 4 
s 6 
5 b 

5 18 
3 29 
5 2 

Long range forecast 1988-03-08--05-31 for Juan
chito based on input data from the correspond
ing dates during the period 1975 - 1987. The 
upper figure shows the different simulations, 
and below the peak values are tabulated. 
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ACCUMULATED tllC:CHARGE,. 1000 
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Forecast 1988 3 8 u•lng d,ate from the 13 previoua yeers 

DATE MlN 75X 50 X 25¼ MAX VOLUME UNIT: ,,ecu.nu I "' trnl 

---------------------------------------------- dail y mpen d1~ch ~rg@ In m3/s 

3 8 172 172 17'• 17b 180 

3 15 132:5 1371 1400 1480 163 I 
3 22 2492 2652 2695 2730 3t'190 

:'I 29 3739 3987 '•l'87 4210 4796 
4 :; 4891 5394 551c! 6188 6630 
4 12 6101 6749 6993 7633 9465 
4 19 7249 13214 8~4~ 8B83 l 23Cl5 
4 2 "1 8373 9498 10279 11176 14616 
5 3 9544 I 133c! 12561 13725 17086 
5 t o 10685 13727 ' '•634 160BS 19890 
O? 

-· 17 I 1799 15644 163:50 197133 i:!16 13 
~ 24 12891 17438 181 78 2 1931 ?3374 

:I 31 139<1'3 18932 20010 c?4643 e:iaqe NORNAl. VOLUt'IE1 29830 

CRONOl.OGICAL ORDER ORDER OF HAGNlTUOF. 
Vear Vr>lumo VPar Voll•me 

--------------------- --------- ·-----~--------
J97!i 19017 1982 2~892 
1976 19821 1978 25786 
1977 18932 1983 ?.!5033 
19,8 25796 1981 2 4643 
1979 2 1185 198'• 216:57 
1Q8(1 1~993 1979 21185 
1981 24643 1986 20CJH) 
\982 25892 1976 198?.I 
1993 2Sfl3 3 1975 I Q(o1 7 
19fl4 e 16~7 19 77 18932 
1965 1 Fl I 7~; l9F.1'7 18401 
1996 e,)o I o 1985 \81 75 
1987 184•:•J l9fl0 13998 

Figure A 3.3 Long range forecast 1988-03-08--05-31 for Juan
chito. 
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