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1.5.2.  #EMEEEME T ORETE
1.5.2.1. Socio-economic drought assessment using BTOP model in Pampanga River Basin

In previous study, we introduced an assessment framework of the socio-economic drought that occurs
due to water imbalance between anthropogenic water demand and reduced water supply from precipitation,
river, and soil moisture water (Mishra and Singh, 2010). In the Pampanga river basin, we estimated
irrigation water demand in the Upper Pampanga River Integrated Irrigation System (UPRIIS) and simulated
natural river discharges with 0.45-km grid size BTOP model using globally available precipitation data
(Gusyev et al., 2014). For the present water supply, existing water infrastructure such as the Pantabangan
multi-purpose dam has been reducing the impacts of natural droughts on water scarcity during dry and wet
seasons. In future climates, natural droughts may further reduce water inflow into reservoirs while
anthropogenic water demand may increase due to population growth, industrial development and
agricultural area expansion. Therefore, our socio-economic drought assessment focuses on water inflow
(water supply) as well as reservoir water storage in this year’s study.

To quantify historical droughts, the Pantabangan Dam was selected as a pilot site to conduct dam
operation assessment of the historical water supply and demand (Figure 1.5-9A). The Pantabangan Dam
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has reservoir capacity of 2,966 MCM and was constructed in 1976 at the northern part of the Pampanga
river basin (PDO, 2013). The Pantabangan Dam is operated by National Irrigation Administration (NIA)
and has a primary purpose to supply irrigation water to the UPRIIS, which consists of five NIA districts
with total irrigated area of about 150,000 ha and river water diversion structures, see Rizal dam in Figure
1.5-9A. In 2001, Casecnan trans-basin water diversion tunnel was constructed to increase Pantabangan
reservoir water inflows (Figure 1.5-9A). In the Pampanga river basin, we utilized available data of JICA
(2011) study and conducted second drought field survey to gather additional water supply, water demand
and drought damage data. From the second survey, we also investigated past drought mitigation measures
that were taken by NIA to reduce drought impacts on farmers during historical droughts.
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Figure 1.5-9 : National Irrigation Administration (NIA) water distribution system in the Pampanga river
basin with the Casecnan trans-basin tunnel (A) (modified from JICA (2011)). The observed Pantabangan
inflows and BTOP simulated discharges with ground based precipitation at dam site (B) and zoom-in on the
one year results of the 1985-1986 period (C).

For the Pantabangan Dam, we obtained a daily historical record of precipitation, reservoir inflow, water
level and dam discharge data from 1980 to 2012 (PDO, 2013). These collected data were utilized with the
BTOP model, which was previously developed with about 0.45-km grid size (15 arc-second) for the
detailed simulations in the Pampanga river basin. The BTOP model, which was developed from globally
available data sets, simulated river discharge and dam inflows with local daily ground base precipitation
data collected at the Pantabangan Dam Office (PDO, 2013). The BTOP simulated discharges demonstrated
a satisfactory match with the observed Pantabangan inflows for the calibration period from 1980 to 1999,
see Figure 1.5-9B. An enlarged view on the simulation period between 1985 and 1986 is demonstrated in
Figure 1.5-9C. The discrepancy between simulated discharges and observed inflows may be due to the
precipitation data measured only at one rain gauge station located at the Pantabangan Dam office. After the
model calibration, we conducted the BTOP model simulation from 1980 to 2012 including Casecnan
trans-basin tunnel inflows. As a result, we observed the importance of the Casecnan inflows from year 2002
to replenish Pantabangan water storage during wet seasons. From these preliminary results, we concluded
that the Pantabangan reservoir has sufficient capacity to meet the UPRIIS irrigation water demand
especially during dry seasons. For the climate change impact assessment of the reservoir system, we need
to investigate future available water due climatic variability and future anthropogenic water demand in the
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Pampanga river basin.

1.5.2.2 Development of Agricultural Flood Risk Assessment Model in Pampanga River Basin

In this study, agriculture damage estimation method was developed for flood risk assessment. The flood
damage assessment in the Pampanga river basin of the Philippines was conducted by considering three
major factors of risk: hazard, exposure and vulnerability. The hazard characteristics were analyzed by
Rainfall Runoff Inundation model (Sayama et al. 2012). Agriculture damage refers here as damage
occurring to rice-crops. The rice-crops damage curves were originally developed by combining flood
damage matrix of BAS (2013) and height of rice crops according to IRRI (2009).

(a) Agricultural damage curves
The flood damage curves for rice-crops were originally developed as a function of flood depth, flood
duration and growth stage of the rice crops. Fig. 1.5-10 shows the developed rice-crops flood damage

curves.
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Figure 1.5-10 : Developed flood damage curves for rice-crops (Shrestha et al. 2014).

(b) Agricultural damage estimation
Based on developed flood damage curves and flood inundation characteristics, the agricultural damages
can be estimated by following equations.

Loss Volume = RiceYield x Damaged Area x Yield Loss )

DamageValue= Loss Volume x Farm Gate price @)

The values of farm gate price equal to 17 Peso/kg (BAS, 2013) and rice yield equal to 4,360 kg/ha
(BPAO, 2011) in case of the Pampanga river basin of the Philippines were used in the calculation.
According to cropping calendar published by National Irrigation Administration, Upper Pampanga River
Integrated Irrigation Systems (NIA-UPRIIS) in 2013, the stage of rice crops during September 2011 flood
period was maturity stage. Thus, the damage curves of maturity stage are used to estimate the production
loss of rice crops for September 2011 flood event as well as for certain return period flood events such as
50- and 100-years return periods.

The agricultural flood damage assessment was conducted in the Pampanga river basin of the Philippines
for flood events of September 2011, 50- and 100-years return periods (Fig. 1.5-11). The damaged rice field
area estimated in the Pampanga river basin during flood events of September 2011, 50- and 100-year return
periods are found to be 45,900, 52,800 and 78,100 hectares, respectively, while the values of agricultural
damage are 1,461.2, 1,777.8, 2,888.5 million Pesos, respectively. The damaged rice field area is the total
area of rice crops damages where flood water depth is greater than 0.5m in case of maturity stage, which
can be estimated by using flood damage curves.
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Figure 1.5-11 : Calculated agricultural damages for September 2011 flood, 50 and 100 years return period flood
cases (500 m x 500 m).
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Socio-economic drought assessment using BTOP model : As a result, we observed the importance of the

Casecnan inflows from year 2002 to replenish Pantabangan water storage during wet seasons. From these
preliminary results, we concluded that the Pantabangan reservoir has sufficient capacity to meet the
UPRIIS irrigation water demand especially during dry seasons. For the climate change impact assessment
of the reservoir system, we need to investigate future available water due climatic variability and future
anthropogenic water demand in the Pampanga river basin.

Development of Agricultural Flood Risk Assessment Model : The results of flood damage provide a

basis to identify areas at risk and these results can be useful for planners, developers, policy makers and
decision makers to establish policies required for flood damage reduction. The results could also be useful
to implement flood mitigation actions including agriculture land use regulation taking into account the
risk areas of damages and adaptation measures. The developed methods of agriculture damage can also be
applied to other river basins.
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