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The hydrology of the Rio Cabuyal is defined here as: 
1. the good: water, run-off 
2. produetion: eatehment area, (preeipitation) 

1: Environmental Cunctions oC the Rio Cabuyal 

The hydrology of the Rio Cabuyal peIforms environmental funetions whieh may direetly or 
indireetly benefit humans. Following De Groot (1992), these funetions can be classified as: 

1. 
1.1 

1.2 

2. 
2.1 
2.2 
2.3 
2.4 

3. 
3.1 
3.2 
3.3 
3.4 

4. 
4.1 

Regulation funetions 
Interaetion with atmosphere: 

Runoff and river diseharge: 

Carrier functions 
Water availability 
Runoff and river diseharge 
Groundwater table 
Water quality 

Production fUllctions 
Water availability 
Runoff and river diseharge 
Ground water table 
Water quality 

Information fUllctiolls 
Water availability I runoff 

Regulation of local and global energy balance 
Regulation of the ehemieal eomposition of the atmosphere 
Regulation of the chemical eomposition of the oeeans 
Regulation of local and global climate (ine. hydrologieal 

eycle) 
Regulation of the chemical eomposition of the oeeans 
Prevention of soil erosion and sediment control 

Crop growth, animal husbandry, aquaculture, recreation 
Crop growth, aquaculture, energy, reereation 
Crop growth, animal husbandry 
Aquaculture, recreation, nature conservation 

Water 
Food, water 
Water 
Oxygen 
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Aesthetic, spiritual , historie, cultural I art, seientifie I 
educational 

These funetions benefit not only the local people in the Cabuyal valley, but al so the global 
populaee via the regulation funetions and theoreetically through the information functions (if they 
exist for the Cabuyal). The degree of benefit will vary eonsiderably depending on the 
'strength'or significanee of the environmental funetion. For instanee, although the regularion 
of the ehemieal composition of the atmosphere has tremendous signifieanee for the global 
populaee, the Rio Cabuyal only exerts a tiny influenee on this funetion . At a loeallevel, the 
produetion funetions of the Rio Cabuyal (sueh as water eonsumption) are of more signifieanee 
than the global funetions. Nevertheless, the Rio Cabuyal does have a role in global regulation 
funetions albiet of little signifieanee. 



II: Measuring the strength oC the environmentaI functions of the Rio CabuyaI 

Measuring ¡he strength or significance of the environmental functions is a daunting task. The 
precise workings and dynamics of many of the regulation functions is clouded in uncertainty. 
As such il is very difficult to determine the role (and significance) of the Rio Cabuyal in these 
functions. lt is easier to determine the strength of production functions, where consmuption of 
the good can be more easily measured. 

1. Regulation functions 
1.1 Regula/ioll of local alld global energy balallce 

Absorption of sun 's rays by water -> results in hot / cold areas (changing energy balance). 
Volume of water influences amount of energy absorbed. 

1.2 Regula/ion of/he chemical composition oflhe almosphere 

Hyelrological cycle influences chemical composition of ¡he atmosphere (C02 is absorbed 
by the oceans, and rivers ?). Volume of water influences amount of C02 absorbed in the 
ocean and Rio Cabuya!. 

1.3 Regula/ion of /he chemical composi/ioll of the ocealls 
Volume of H20 and chemical composition of the Rio Cabuya!. 

1.4 Regula/ion of local and global clima te (inc. hydrological cycle) 
Volume of water (into oceans and evaporation) influences hydrological cycle, local & 
global cJimate. 

1.5 Preven/ion (?) of soil eros ion and sedimenl cOlllrol 
Increased run-off can increase soilloss. Potential soil Joss, tonnes (from USLE ?). 

(2, Carrier functions 
(see production functions) 
Crop growth, animal husbandry, ¿energy?, ¿recreation?, ¿nature conservation, 
¿habitat?) 

3. Production functions (consumption) 
3.1 Waler 

Volume of water consumed through household use, agricultural (irrigation) and industrial 
purposes. 

3.2 Food 
¿ VoJume of craps praduced without irrigation? i.e. only ineludes craps grown through 
precipitation and watertable ?? 

3.3 Oxygen 
Net oxygen production in the Rio Cabuyal: Gross production - respiration. 
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4. Information functions 
4.1 Aesthetics: Survey - ranking imporlance of river seetions for aeslhetie purposes 

: Conlingent valuation. 
¿Scientific / edu.? 
¿Spiritual, cultural / art, histo~ic? 

Any comprehensiye mClIsurcment of lhe aboye environmental funclions would require large 
quantities of physical data about the river such as: volume of water, chemical composition, 
sediment load, water quality, BOD, river fauna etc. These data would then have to be related 
to the environmental functions. e.g. the role of X cubic metres of water in the Rio Cabuyal in 
regulating local and global energy balance. 

The measurement (if they exist) of information functions would require sociaIJhumanistic data 
to be coIlecled by interviewing the local populace. 

III: The economic value oC the environmental Cunctions oC the Rio Cabuyal 

Most of the environmental functions wiIl pro vide benefits of sorne sort to the local and global 
populace. Environmental economics methods can be used to determine the economic value of 
these benetits. 

1-
1.1 
1.2 
1.3 
1.4 
1.5 

Regulation functions 
Regulation of local and global energy balance 
Regulation of the chemical composition of the atmosphere 
Regulalion of the chemiclll composilion of lhe oceans 
Regulation of local and global c1imate (inc. hydrological cycle) 
Prevention of soil erosion and sediment control 

(N/A: Not sure if much valuation work has been done on these functions) 

2. Carrier functions 
(see production functions) 

(N/A) 
(N/A) 
(N/A) 
(N/A) 
(Soilloss in $) 

Crop growth, animal husbandry, ¿Energy?, ¿Recreation?, ¿Nature Conservation?, ¿Habitat? 

3. Productioll functions (consumption) 
3.1 Water 
Market value: How mueh is volume consumed worlh according to current market prices? i.e. 
How much would it cost to get water from alternatiye sources ? 

3.2 Food 
¿Amoujlt and market value of crops grown without irrigation ? - how important is water 
(precipi'ation - watercatchment and the water table) as a factor of crop production ? , 
3.3 Oxygen 
Value of net oxygen production in the Rio Cabuyal: Gross production - respiration 
(Mexico City: Oxygen producing devices selling oxygen for US$ 2 per minute - De Groot, 1992, 
p160 - R.De Groot, Functions of Nature, ISBN 9001 355943) 



4. Information functions 
4.1 Aesthetics 
Contigent va!uation: 

- willingness to pay for future availability of the Rio Cabuya! 
- willingness to accept compe.nsation following loss (degradation) of lhe Rio Cabuyal 

Accurate calculation of lhe economic value of many of lhe environmental funclions wouJd be 
exceedingly difficult, if not impossible wilhout the necessary 'strength'measuremenls identifed 
in the previous section. However, if such measuremenls and data were available lhen the 
valuation results of other studies could be used l\S a basis for assigning va!ues to Rio Cabuyal 
functions (benefits transfer theory) . 

Given the absence of the necessary dala sets for lhe Río Cabuyal and generallack of knowledge 
conceming the measurement (workings and models) of global regulation functions, no atlempt 
wiU be made to measure and value regulation and information functions. Instead, an atlempt 
will be made to demonslrate the possibilities of using GIS for spatial economic valuation, 
focusing on the production functions of the Rio Cabuyal hydrology. 

2. METHODOLOGY 

2.1 The production functions of the Rio Cabuya! 
The hydrology of Ihe Río Cabuyal is currently used for household water consumption and crop 
production through irrigation and natural precipitation, run-off and lhe water tableo In addition, 
the Rio Cabuya! provides waler (and run-off?) to lhe Rio Ovejas which has produclion functions 
downstream (current and potentia!) . 

The focus is on household water consumption and downstream use of the Río Cabuya!. 

2.2 Economic benefils [rom household consumption. 
Two water tanks, La Esperanza and El Oriente are used to supply water to households in the Rio 
Cabuya!. La Esperanza is supplied with water directly from the river, whilst El Orienle is 
supplied through the water table (well). 

The water consumed via lhe water tank is currently treated as a ' free' good, with locals paying 
a mínima! charge for maintenance of the water tanks but nothing for the good itself. An estimate 
of market va!ue for Ihe good was based upon Ihe number of consumers and the costs of supplying 
Ihem from an alternative source: 

Water tan k Number of Daily cOlIsumption 
consumers (per bead) 

El Oriente 2,100 250 lit res 

La Esperanza 2,800 250 lit res 

Denelit per SO Daily benelit Anllual beD.1it 
litres (per bend) (Total) (US$) (Total) (US$) 

500 pesos 8,750.00 3,193,750.00 

SUO pesos 6,562.50 2,395,3 j 2.50 
(Souree: Rubzatlo, 1995, pers.com.) 
(Exchallge rale: US$ 1 = 800 pesos) 

When the water supply from lhe tanks runs out, the consumers have lo fetch water from the 
river itself, at a cost of 500 pesos per 50 litres. In the absence of more suitable data, this was 
taken as the benefit va!ue of the watcr supplied at lhe water tanks. This gave figures of over US$ 
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3 million for El Oriente tank and over US$ 2 million for La Esperanza tank. These figures are 
very coarse estimates and may actuatyndervalue the price of the good, since they only reflect 
labour costs for transportation, and do not inelude any production costs (i.e. cosls of producing 
waler). 

2.3 Economic benefits from downstream consumption. 
These are based on the reporl by (R. Knapp and others.??) which eslimates lhe value of the water 
and mn-off oflhe Rio Cabuyal inlo lhe Rio Ovejas for use downstream at about US$ 2 million. 

2.4 Mapping economic benefits from household consumption. 
Using GIS, economic values can be assigned to those areas (or cells) involved in the production 
of the good (benefit). If a cell produces a good which has economic benefits, lhen an economic 
value can be assigned to that cel!. In order to do this it is necessary to identify which cells are 
involved in the production of the good, and their significance or role in the production of the 
good. In the case of the Rio Cabuyal water tanks it was necessary to determine where (he water 
which supplies the tanks is coming from (being produced). 

2.4.1 Mapping economic value for La Esperanza 
La Esperanza water lank supplied by several streams. The cells producing waler (production 
cells) for lhese streams 

The TRACE command in ArcInfo was used lo select alllhe streams upstream of lhe waler tank. 
These were then visually overlayed on top of a DTM of lhe area and the calchment area for the 
streams was manually interpreted by following the topography of the DTM (using the 
SELECTPOL YGON command). The catelmlent area was then saved as a separate grid layer. 
The INTcommand was then used to convert the catchment grid to an integer grid (INT) 
containing the value 1 for all cells. The number of cells in this INT grid was found from the 
. V AT file - it contained 67,154 5 metre cells. 

It was assumed that all cells 'produced'(or captured) the same quantity of lhe good, although in 
reality lhis is unlikely to be the case, since the volume of mn-off depends upon the land cover, 
soil permeability and evapotranspiration . Assuming all cells have lhe same production value, 
then lhe benefit value per cell can be found by dividing lhe lotal benefit value by the number of 
producti ve cells : 

3,193,750 (total benefit value) /67, 154 (number of productive cells) = 47.64 

So the benefit value fur La Esperanza in each productive 5m cell is US$ 47.64 (per annum). 
The catchment grid (conlaining cells wilh value ,1) was multiplied by 47.64 to give each cell in 
the catchmcnt arca a value of 47.64. 

2.4.2 Mapping economic value for El Oriente 
El Oriente water tank is supplied by from lhe watertable (underground spring ?). Since lhere 
were no GIS data on the geology (or watertable) it was assumed that the water supply for the El 
Oriente came from higher ground. 

The height of the El Oriente water tank was estimaled at 2155 m. AIl cells higher than 2155 m 
were then selected from the DTM grid. Then a catchment area was selected from these cells, 
which only ineluded cells whose height values increased consecutively from the El Oriente. The 
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number of 5 m cells in the catchment area for the El Oriente was 24, 828. 

Again, the same assumption was made that all the ce lis in the catchment area had the same 
production function. The benefit value was then calculated by dividing the total benefít for the 
El Oriente by the number of cells: 

2,395,312.5 (total benefit value) /24,828 (number of productive cells) = 96.48 

Therefore the benefit value for El Oriente in each productive 5m cell is US$ 96.48 (per annum). 

The catchment grid containing cells with value 1, was multiplied by 96.48, to give all cells in 
the catchment area a value of 96.48. 

2.4.3 Mapping downstream economic value 
The downstream benefits (current and poten ti al ?) of waler from the Rio Cabuyal were estimated 
at $2,000,000. In order to map the economic value of lhe water benefil, it is fírst necessary to 
determine lhe spatial variabilily of lhe production [unction, i.e. where is the water coming from 
? Ideally, I would have liked to know how much water flows in lo the Rio Cabuyal from each 
(5m) cell in the catchment area. As these data were not available, Ihe spatial variability of the 
production function taken as the variations in flow cates at different points in the river. 

The production [unction (or strength) of three sections was calculated on the basis of the flow 
rate from the section: 

Section Flow Rate % of total f10w Flow rate % of total Average % of 
(Muy 94) rate (Sep. 93) f10w cate total flow rate 

I 0.609 44.75 0.379 65 54.875 

2 0.439 32.26 0.094 16 24.13 

3 0.313 22.99 0.110 19 20.995 

The location of the sample points 1,2 and 3 on the Rlo Cabuyal was known. These were used 
as origin points in the TRACE cornmand to select all the streams upstream of that point (but 
in the case of 2 and 3, downslream of Ihe previous sample point). Once slream coverages for 
sample points 1,2 and 3 were selecled, Ihe calchment areas for Ihese slream seleclions were 
obtained though visual interepretation (using SELECTPOL YGON) of Ihe DTM. The 
catchment areas contained 5 m cells, each with Ihe value l. Again, as with the water tanks, 
il was assumed that all cells within the same catchment area contributed the same quantity of 
waler to the Rio Cabuya!. The number of 5 m cells in each catchment area was known [rom 
the catchment area grids and was used to ca1culate the benefit value for each produclive cell: 
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Section % of total flow rate Benefit value Number of 5 m Benefit vaJue per 5 m 
(US$) cells cell (US$) 

I 54.875 1,097,500 552,013 1.99 

2 24.13 482,600 432,527 1.12 

3 20.995 419,900 334,685 1.25 

The total downstream benefit value for the Rio Cabuyal was $2,000,00ü. This figure was 
then divided into the three sections on the basis of their production vaJue (% of total flow 
cate). These figures were then subdivided among the number of cells in each section's 
catchment area to give benefit vaJue per cel!. The catchment grid for each of the three 
sections was multiplied by the appropriate benefit value (1.99, 1.12 and 1.25) to give three 
economic value maps for downstream benefits. 

2.4.4 Output 
The following grids were produced: 

/paloma/cauca/jeremy/va 
/paloma/cauca/jeremy/vb 
/paloma/cauca/jeremy/v 1 
/paloma/cauca/jeremy/v2 
/paloma/cauca/jeremy/v3 
/paloma/cauca/jeremy/valt 

economic value of La Esperanza 
economic value of El Oriente 
downstream economic value - for river section 1 
dowllstream ecollomic value - for river section 2 
dowllstream ecollomic value - fOI river sectioll 3 
total economic vaJue = va + vb + vI + v2 + v3 

AML to display total ecollomic value grid: 

/paloma/cauca/jeremy/jerem.aml 
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Economic benefits of selected bydrological functions 
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CUENCA DE CABUYAL 

• 

LEYENDA 
f- ----·-·-·-------------·-·-·-·---·---------·-:-----------·-·-·------------1 
r , 

jValue (US$ per 5 metre cell) i 
! ¡ , ' 

i 1.12 48.79 ¡ , . 
i 1.25 96.48 -1 

i 

1-_·_·_· ... 
· I ! , , . • _______ J 1.99 97.73 
• El Oriente water taDk 
• La Espenmza water taDk 
m Rio Ovejas convergeoce 

; 
- ; 
i 

. -----_._----------------._-_. -._._. _. ------_._---_._---_. ----------------- -

Selected hydrological functions : estimated value of benefi.ts 
,-._-----_._._-----------_._._._-------------------------_.----------------_._-_._._-_._._._-----_._._-_._._-------------_._-------------------_.----- _._._. _--, 
¡ Water COIISUDlption (household use) in tbe Cuenca de Cabuyal: -La Espa-aDza - $3,19 . .. 7! 
i El Oriente - $2,39:- . ~ 
: W~ CODSUDlption doWDStream - in -tbe Rio Ovejas - $4000,000 
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