Objective

The objective of systematize the Water BalancgéliSalvador, is to have a tool to make a
periodical evaluation of the water resources, #flatvs to give guidelines of management,

protection and control, taking into account therent and projected demand of each basin
and its water availability.

M ethodology

Language System:

The system has been developed in Visual Basic. IMEJuage, and for the spatial analysis
have been used programs: SURFER, ILWIS and ArcGis.

Databases:

The system has databases with information of rhirdi@mtions, temperature, relative
humidity and runoff, a monthly level, from the yeB®70 until current date, which are
updated continuously, so that the system can partbe calculation of any of the variables
of water balance for any selected period.

Geographical Unit:
For the calculation of Water Balance or any ofvasiables, is possible to select any of the
following geographical units: sub-basins, basiagjans hydrographical.

Calculation of areal average Precipitation and Evapotranspiration of Reference:
The calculation of areal Precipitation and Evapmdparation of Reference, is made through
of Krigging interpolation, based on information fmoRainfall, Temperature and Relative
Humidity databases (the methodology used for catmg the Evapotranspiration of
Reference in El Salvador, is Hargreaves), givikg liesult grids at monthly level with
values of the variable at cell level, with whiclethareal average value for the selected
geographic unit is calculate, the size of the ptretalculate of the variables is 50 meters.
In Figure 1, an example of the results of the datean of areal precipitation for each
month of the year 2005, at the sub-basin levgireésented.

Additionally, the system has a base of maps with bsults of the Precipitation and
Evapotranspiration of Reference in the country, thao month and year to year, from
1970 to the current date. This information is vesgful to analyze the behavior of previous
years, and allows you to select similar years ta®efor forecasting hydroclimate. Figure 2
presents an example of the annual Precipitatiorsragfl Salvador, for 1991 to 2005.
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Figure 2. Maps of annual Precipitation in El Salvador, for the period 1991 - 2005



Calculation of Crop Evapotranspiration and Real Evapotranspiration:

For calculate the Crop Evapotranspiration, theesyshas the latest map of Land Uses
which was published for the country in 2003, howewea next stage will be possible
introduced land-use maps available for periods rpri@and subsequent.
Based on the information Uses of Land, the systemicutates the areal Crop
Evapotranspiration for geographical unit selec&sksigning a Crop Coefficient for each
using soil specific, monthly level, and calculatbe weighted, monthly and for year.
For Crop Evapotranspiration, the system has amopt change the percentage of area use
soil, so that allows the calculation of the varggkdnd therefore the Water Balance for an
actual Use Land and for a possible scenario inggmgraphical unit selected. Figure 3
presents the pattern in which the percentage clkafigen area to the Land Use Basic
Grains and Conifer Forests for the sub basin Torola
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GUARDAR CAMBIOS Exportar datos 3 Excel
SUBCUENCAS | REGIONES | CUENCAS | ESTACIONES |
SUBCUENCA
REGION CUENCA SUBCUENCA Tipo de Suelo AREA Actual.. % Actual AREA Futura. % Futuro
i
LEMPA LEMPA 113-TOROLA Roquedalavas 59 0.04 59 0.04
i LEMPA LEMPA 113-TOROLA Tejido Urbano Continuo 89 0.06 .89 0.06
LEMPA LEMPA 113-TORCLA Morrales en potreros 1.08 0.07 1.08 0.07
LEMPA LEMPA 113-TOROLA Tejido Urbano Discontinua 398 0.26 308 0.26
1 LEMPA LEMPA 113-TOROLA Bosque latifoliado 4.03 0.27 403 027
LEMPA LEMPA 113-TORCLA Bosque de Galeria 510 0.34 510 034
LEMPA LEMPA 113-TORCLA Rios 9.22 0.61 9.22 0.61
LEMPA LEMPA 113-TOROLA Bosque Caducifslio 13.96 093 13.96 0.93
LEMPA LEMPA 113-TOROLA Espacios con Vegetacion Escasa 15.40 1.02 1540 1.02
LEMPA LEMPA 113-TORCLA Vegetacién Esclerofila o espinoso 16.02 1.06 16.02 1.06
LEMPA LEMPA 113-TOROLA Bosques Mixto 2046 1.36 2046 136
LEMPA LEMPA 113-TOROLA Cultivos Anuales Asociados con Cultivos 2434 1.61 2434 1.61
LEMPA LEMPA 113-TORCLA Bosgques mixios semi caducifolecs 28N 1.90 23N 1.90
LEMPA LEMPA 113-TORCLA Bosque mixto 4258 282 4258 282
LEMPA LEMPA 113-TOROLA Mosaico de Cultivos y Pastos 49.92 3n 4992 3R
LEMPA LEMPA 113-TOROLA Café 56.15 372 56.15 372
LEMPA LEMPA 113-TORCLA Vegetacidn Arbustiva Baja 68.16 4.52 68.16 452
LEMPA LEMPA 113-TOROLA Granos Basicos 96.02 6.36 226.35 15.00
LEMPA LEMPA 113-TOROLA Bosques de Coniferas 100.73 668 15.09 1.00
! LEMPA LEMPA 113-TORCLA Pastos Naturales 14227 9.43 14227 9.43
il LEMPA LEMPA 113-TORCLA Mosaico de Cultivos, Pastos y Vegelacion  341.40 2263 34140 2263 ~
{ Record: [I4)(4) 143 0f 3615 (b [Pi]

Figure 3. Variation in percentage of areas in the Land Use sub basin TOROLA, for calculating the
Crop Evapotranspiration to the two situations

The Real Evapotranspiration is calculated fromG@nh&p Evapotranspiratioand the type of
soils map of the country, to which the system amss@ water capacity retention to a depth
of soil that can be defined, which performs thecalation of moisture soil on a monthly
level and the Real Evapotranspiration

Calculating of  Evaporation  of  Water Bodies in urban areas

The system calculates the evaporation of waterdso urban areas of each geographical
unit, according to the map of Land UsdSor water bodies is assigned a coefficient of
evaporation depending on the month of the year,fandrban areas has been established
urban coefficient Ku (similar to the Crop Coeffiotekc), with an estimated value of 0.10.



Calculating Runoff:

The runoffs are taken from flow database for thermrbasins that have registry, and for the
river basins that do not have it, have been deeelagvo methodologies: precipitation-
runoff relation and regionalization, also having thossibility of introducing calculated
data through hydrometeorological modelling. Forhbatethods have been established
factors for estimating runoff, in a case dependingthe area and the other in terms of
rainfall, depending on the homogeneous region tehvit belongs basin.Each particular
basin has been analyzed to determine which of #tbedologies presented better results in
the case of not having information recorded or nextle
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3 ZEPOCTUN  LEMPA LEMPA 10208 relacion PG porregion Sin Ecuscion 0s0
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@ 3 0sTUA LEMPA LEMPA 158424 relacion PP - @ por region  0.0109°A + 0545 060
@ 7 ESPINOS LEMPA LEMPA 832 relacion PP - Q por region  Sin Ecuacion 060
@8 ANGLE LEMPA LEMPA 62023 relacion PP-Qporregion Sin Ecuscion 08
@9  SNLEWPAS LEMPA LEMPA 4628  relocionPP-Gporregion Sin Ecuacion 08
@ Quuo LEMPA LEMPA 5868 relacion P @porregion Sin Ecuscion 0
G 11 ELSALTRE  LEWPA LEMPA 2253 relscion PP-Gporregion 0.0304%-0.3231 0s0
G2 ATULAPA  LEWPA LEMPA 4615 relscionPP-Gporregion 0.0109%A0545 082
G 12 SNLEMPATZ LEMPA LEMPA 4646 relacion PP-Qporresion  Sin Ecuscion 00
@ 4 MOCAL LEMPA LEMPA 119663 relacion PP - Q por region  Sin Ecuacion 060
G 15 SNLEMPATS LEMPA LEMPA 1470 relscion FP-Qporregion  Sin Ecuscion 00
@ 16 DETULASO. LEMPA LEMPA 6516 relscionPP-Gporregion 0.0304%A-03231 08
G 17 FRIOOSESE. LEMPA LEMPA 6557  relscion PP-Gporregion Sin Ecuscion 0
G 18 SNLEWPATE LEMPA LEMPA 1456  relscion PP-G porregion Sin Ecuscion 0s0
18 GUARAAME. LEMPA LEMPA 208650 relacion PG porregion S Ecuscion 0s0
G20 GUAIALA  LEMPA LEWPA 2053 relacion PP-Qporresion  Sin Ecuscion 00
@21 CENCERA  LEMPA LEMPA 1436 relcion PP~ porregion  Sin Ecuacion 08
@ 2 SINUAPA LEMPA LEMPA 6602 Ecuaciones de Regionaliz . 0.0304°A - 0.3231 060

Figure 4. M ethods of estimating runoff assigned to each particular basin.

Calculation Storage Change and Aquifers Recharge:

As a mathematical result of the rainfall minus kheses of real evapotranspiration, water
bodies evaporation, urban zones evaporation andffruimne change of storage is fixed,
from which one the underground water rechargetismaged. . Figure 5 presents the results
of Change Storage at sub basin level.
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LEMPA  LEMPA MERCEDES UMADA - -11.18 30854 18020 22637 33538 25801 15599 -7809 -7279 127497
LEMPA  LEMPA METAYATE 7 -498 662 -845 34798 33079 31276 27537 29275 -1156 -8847 5537 136544
LEMPA  LEMPA MARCHALA -37.02 -1843 633 657 29941 37678 28991 31717 31844 139 6423 9988 138211
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LEMPA  LEMPA MATIZATE -2792 2752 -2437 4129 15056 26780 32103 27616 22971 1338 -1258f 3585 97578
LEMPA  LEMPA QDA LAGILA -1711 -1050 -1243 1124 40328 25813 30473 28521 25795 3776 -7058 -10446 133074

LEMPA  LEMPA QDA LA JUTERA -16.68 -2743 -1806 -4029 27550 29140 32472 26757 32128 4522 -11923 6001 124399
LEMPA  LEMPA QDA GUALCHO -5285 -2192 -1212 -1347 28102 35231 31955 35036 38369 6878 -5574 9543 150412 -
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Figure 5. Result of Storage Change for the year 2005



The module groundwater estimated the aquifer rgehdrom the information of storage,

change, considering two storage in the soil, aneuggborage, representing the soil and
unsaturated zone and a lower storage representoundwater. The subsurface storage
feeds subsurface flows such as springs and wejjswihile the extraction of water by deep
wells is fed for storage of groundwater. Figure@&vides an outline of the concept of the
module.
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Figure 6. Conceptualization M odule Groundwater

The module considers that the infiltration is happg in those areas permeable, and
storage change is divided into two parts: one wdltrecharge underground water storage
the catchment area where there are suitable condijtie it has significant aquifers, and the
other party can not infiltrate will be transformé&uo subsurface flow. Therefore, the
recharge is determined taking into account thetemxe® or not of aquifers in the basin
studied.

To make the calculations, the module groundwatesrlaid the basins map with the
hydrogeological map to determine impermeable amedsaquifers and calculates the direct
recharge and subsurface flow.

Estimated Demands and Returns:

The quantification of the demand has been doné@¢o human, agricultural, industrial,

livestock, hotel, fish, thermal and ecological aamption sectors, and projections have
been done until year 2050 for each one of suchsidering macroeconomic projections,
with indexes like the GDP and AGDP.

Demand for human consumption: the demand for human consumption is based on
the method of estimating the population and ass&gusit demand. The system contains a



database of population projections at the levedulif basin up to 2050, both for urban and
rural population, which were undertaken based astieg census. The consulting firm
hired for the estimation of demand, Nippon Koeitedmined that the demand for human
consumption was a function of the water serviceecage, finding a correlation between
demand per capita in liters / person / day and rameeaqueduct system, which was made a
projection of municipal coverage up to 2050, whigére introduced in the system. For the
demand on rural population, it was assumed a copsamof 50 liters / person / day.

Demand for Industrial Consumer: The consulting firm found the demand for rural
industry (since the urban is reflected in the dednfan human consumption) is proportional
to the number of employees of the total manufaatusector in the country. To which gave
a unit demand for the industrial sector, and ptegcemployees in the manufacturing
sector based on the population of country ancds§&Romestic Product GDP; The system
calculates industrial demand when multiply the basg of employees industry by demand
unit.

Demand for Agricultural Consumer: The system has included databases with
projections of total irrigation areas in the coyntwhich were undertaken on the basis of
available statisticsjn the system exist the crop distribution basedheninformation given
by the Ministry of Agriculture what the system adhltes the planted area each month of
the year for each crop and have been establislogdpatterns depending on the crops that
require irrigation during dry months. For thosepsdhe system establishes the demand for
irrigation pattern chosen according to the Potérapotranspiration, consumptive use,
effective rainfall, the net laminate irrigationfiefency of irrigation, gross laminate which
it calculates the volume or laminate of water dedndrhe system distributes spatially the
demand in proportion to the agrologic areas, aedeémporary projections are made based
on equations in terms of population and AGDP.

Demand for Livestock Consumer: in the system, livestock demarsicomposed of
cattle, swine and poultry demands; the system htabdses with projection of the number
of animals of the three sectors, which was caledlaiccording of the population and
Agriculture Gross Domestic Product AGDP; For thpegections has been made a space
distribution by catchments according to the pemmgatof area representing each sector
based on the country maps of the sector. To prdjectotal demand, the system projects
the number of animals, and based on a demand babaprojected total demand.

Demand for Aquaculture Consumer: the system has the database with the
projection of aquaculture production (in Kilograms)hich was calculated based on the
production of the year 2005, and the relationsl@jwien population of a given year and
the population in the year 2005, including a fadtoconsumer preferencBased on the
production, it is possible determinate the aregpaid per year, which is distributed at
every catchment based on a points aquaculture Estpnating area under cultivation in
each watershed is multiplied by consumption of wpes hectare per year.

Consumer Demand Hotel: is based on the database with projection of tmaber
of room for both beach and rural sector, dependmthe population and GDP. The system
assigns a value of 0.7 m3/room by day in beach88 m3/room per day in rural, and



assumes an occupancy rate of 60%, which is diseibthroughout the year. Similarly, is
made the spatial distribution of river basins, framocation map of hotels sites in the
country.

Demand for Thermal Consumer: from the analysis of the installed power and
energy produced in the country, it was made thgeption of the same in terms of
population and GDP, which are in the database®msysiogether with the distribution of
thermal production in currently existing plantskire the projection of the thermal power
that will produce each plant associated with corgion of water per MWh produced, the
system calculates the thermal demand in each afithdasins.

Returns: in the system, returns are considered as a pagemf demand returning
to the hydrological system, assuming that is qudbt be considered. These percentages
can be changed depending on the condition of watedity, but in the system are
considered some reference rates for each typencéile.

Shortage Index: This index is calculated by the system and repitssa percentage
relationship of the total demand in the basin ardewavailability, giving a quantitative
and qualitative value of the pressure on the basiicating whether the pressure of
demand is high, medium, low or non-significant.

Figure 7 presents the results of aquifer rechargeff, demands, returns and the Shortage
Index for the Sucio river sub basin for 2005 year.
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Figure 7. Result of System for subbasin Sucio, year 2005



Scenarios:

The system makes it possible to calculate scenafidand use changes, hydro-climatic

variations and demand changes. For the land usegebaas shown in Figure 3, it is

possible to change the percentage of areas indhd Use and make the new calculus of
Water Balance. For changes in demand, the systemsapercentage variations of each of
the sectors of consumption, and likewise for hydmmatic variations, percentage changes
are possible on the current conditions at the nmpno that the result can be obtained
Water Balance with the changes.

Conclusion

As result the Water Balance is obtained of anyrrhasin of the country, in any period of
time from 1970 to the present year, and projectatémbalances are obtained to year 2050,
with scenarios of land use changes, water demaadges and climatic variability. Also
the Index of Shortage of each river basin is ole@irwhich make possible assess the state
of water consumption in relation to the existingly.

The system appears like a tool of diagnosis of dhegent water resources and future
possible scenarios, which allows to analyze, ptatecand regulation policies and
management of the resource.



