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ABSTRACT

The Estibana sub-catchment (ESC) has an area of 296 km?, and is located within the Dry Arc region, in south-central
Panama. The main water uses for ESC are human consumption and agriculture. Due to an increase in water consumption
and more extreme weather, probably due to climate change, the need for water security has become imperative for this
region. Therefore, and within the scope of a more comprehensive work, a water balance has been calculated for this sub-
catchment for the 2018-2019 hydrological year. The water balance shows that Precipitation is the only water input, and that
Evapotranspiration (ETR) corresponds to 67% of the precipitation. Consequently, during the dry season (December-April)
deficit between supply and demand exists. This situation makes securing water availability in this region, a function of
effective water saving policies, based on an integrated water resource management (IWRM).
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1 INTRODUCTION

The total freshwater availability in Panama has been estimated at 119.5 x 10° m3/year out of which nearly
25.8% is currently being used mainly in non-consumptive uses such as transportation and energy production.
By 2050 it is estimated that the national average water demand will double, reaching over 50% of the available
resources (MIAMBIENTE, 2016). However, Panama’s water supply is not equally distributed neither spatially
nor temporally. Thus, regions in the country such as the Dry Arc frequently experience a decrease in streamflow
during the dry season (December-April), with reports of shallow wells going dry (Castrellon Romero, 2018). The
Estibana sub-catchment (ESC) is located within La Villa River Watershed in the heart of the Dry Arc Region of
Panama and has an area of 296 km?2. ESC’s main economic activities are agriculture and cattle farming, making
its population very dependent on water (Castrellon Romero et al., 2019). Lack of forest cover, poor soil
conditions, and high temperatures, among other reasons, aggravate this situation, leading to longer periods of
water scarcity. Also, climate change projections seems to indicate more extreme situation within the country
(Fabrega R. et al., 2013) and for this region (MIAMBIENTE, 2018). Therefore, to face the current situation and
to secure water availability in the face of climate change, a precise knowledge of water supply and demand in
this area is essential. To assess the current situation in the ESC, a water balance was calculated for the 2018-
2019 hydrological year. This assessment suggested possible actions to sustainably manage the water
resources of this region and mitigate the effects of future droughts.

2 METODOLOGY

Data from the Department of Hydrometeorology of the Electrical Transmission Company of Panama (ETESA
for its acronym in Spanish) were used to calculate the precipitation and the potential evapotranspiration (ETP).
For the precipitation, data was retrieved from 5 ETESA meteorological stations located bordering the sub-
catchment. Cumulative monthly and annual rainfall was calculated using the Thiessen method, and the results
were verified with data from rain gauges installed inside the sub-catchment. For ETP, data from one station
based on the Penman-Monteith Method and located outside the study area was available from ETESA.
Consequently, the resulting ETP data were adjusted based on a conversion factor calculated from an average
ETP map of the study area. Actual or real evapotranspiration (ETR) was then calculated using FAO’s crop
coefficient methodology (Allen et al., 2006). Runoff was calculated using water level data from the Estibana
River, measured by ETESA. Infiltration was estimated based on soil type and the hydraulic conductivity. For
water demand, domestic, agricultural and livestock water consumption were considered. Domestic demand was
estimated based on a water per capita consumption of 30 gallons per person per day (ANAM, 2008). Agricultural
demand was calculated using ETR of the main crops, and its corresponding crop area and irrigation coefficients.
Livestock water demand was calculated using graphs of cattle daily water consumption vs time based on growth
rate, age and ambient temperature (Duarte, 2011).
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3 RESULTS AND DISCUSSION

Figure 1 shows the monthly distribution of the water inputs and outputs in the ESC. Precipitation is the only
input to the water balance. The highest precipitation occurred in June 2018, which is abnormal considering the
historical rain pattern. ETR is the largest output and corresponds to 67% of the precipitation, which is within the
60 to 70% range reported by other studies conducted in tropical watersheds (Aponte-Hernandez, 2013; Brooks
et al., 1997). Total water demand amounts to only 1% of the annual water availability.
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Figure 1. Water Balance of the Estibana Sub-catchment.

4 CONCLUSIONS

The water balance indicates that dry season months have a deficit between supply and demand. Abnormal
variations in precipitation due to climate change will likely worsen this deficit in the future. Therefore, efficient
water saving policies during the dry season should be the first step to achieve water sustainability. These
policies should include incentives to the employment of different water sources and capacity building actions,
in order to acquire the necessary water related infrastructure to ensure a water secure region.

ACKNOWLEDGEMENTS

We thank the Secretaria Nacional de Ciencia, Tecnologia e Innovacién (SENACYT), for financing this project,
the Ministerio de Desarrollo Agropecuario (MIDA), the Centro de Investigaciones Hidraulicas e Hidrotécnicas
(CIHH) of the Universidad Tecnoldgica de Panama (UTP), especially Dr. José Fabrega, for their collaboration
and support.

REFERENCES

Allen, R., Pereira, L., Raes, D., Smith, M., 2006. Evapotranspiracion del cultivo. Guia para la determinacién del requerimiento
de agua del cultivo, Organizacion de las Naciones Unidas para la agricultura alimentacion.

ANAM, 2008. Cuenca Hidrografica 128, Rio La Villa, Evaluacién de las Componentes del Balance Hidrico 37.

Aponte-Hernandez, N.O., 2013. Metodologia para evaluar la disponibilidad de agua y sus costos bajo los escenarios de
cambio climatico.

Brooks, K.N., Ffolliott, P.F., Gregersen, H.M., DeBano, L.F., 1997. Hydrology and the Management of Watersheds, Second.
ed. lowa State.

Castrellon Romero, 2018. Characterization and Modeling of a Tropical Groundwater System : La Villa Watershed , Panama.

Castrellon Romero, M.G., FABREGA, J.R., FOGLIA, L., MOJICA, A., RUIZ, A., SAAVEDRA, S., 2019. Groundwater Model
of a Fractured Rock System As a Tool for Groundwater Management: the Estibana Sub-Catchment, Azuero Peninsula,
Panama. 38th IAHR World Congr. - «Water Connect. World» 38, 1959-1968. https://doi.org/10.3850/38wc092019-
1794

Duarte, E., 2011. Uso del Agua en establecimientos agropecuarios. Planificacion del sistema de abrevadero. Rev. Plan
Agropecuario. 140, 38-43.

Fabrega R., J.R., T. Nakaegawa, R.P., K. Nakayama, O.A., Group, S.T.-C. modeling, 2013. Hydroclimate projections for
Panama in the late 21st Century. Hydrol. Res. Lett. 7, 23-29. https://doi.org/10.3178/hrl.7.23

MIAMBIENTE, 2018. Tercera Comunicacion Nacional sobre Cambio Climatico Panama, Mi Ambiente Panama.

MIAMBIENTE, 2016. Plan Nacional de Seguridad Hidrica 2015-2050: Agua para Todos. Panama: MIAMBIENTE/CONA-
GUA/Comité de Alto Nivel de Seguridad Hidrica. Panama. https://doi.org/10.29327/15276.1-3



