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Abstract

Considering changes in irrigation planning and development due to climate change is nec-
essary to avoid system failure. This study demonstrated that changes in dependable flow
and diversion water requirements in the future due to climate change will reduce potential
irrigable areas. Climate change were based on the published projected climate in the study
area. The dependable flow derived from successfully calibrated and validated Soil and
Water Assessment Tool (SWAT) model streamflow simulations and the diversion water
requirements based on the CROPWAT estimations of irrigation scheme were used to assess
the potential irrigable areas. Substantial reductions in potential rice production areas (-4%
to — 39%) were largely due to dwindled dependable flow (-1% to -25%) and an increase in
diversion water requirement (4 7% to+26%). Reduction in potential irrigable area was pro-
jected during dry and normal years and may worsen towards the late twenty-first century
under the worst-case climate scenario. Swelling of rivers during wet years will increase
stream flows and potential irrigable areas but may also pose a danger of flooding. The
development of water storage structures is necessary to reduce the adverse impacts of too
much water during the wet years. Crop calendars should also be retrofitted to optimize the
use of available rainfall during dry and normal years and climate-proof future irrigation
systems. The results showed that it is necessary to incorporate climate change in irrigation
planning and development. The methodologies described here could be used to climate-
proof future irrigation systems in other areas in the Philippines and other countries.
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1 Introduction

Inadequate projection of available water supply in water development plans is one of the
causes of water shortages and the failure of irrigation systems. The actual irrigated areas
in large irrigation systems in the country are also less than the design irrigation areas due
to land change, flooding, sedimentation, and technical difficulties (Tabios and de Leon
2020). Water resource project planning and design issues, as well as inadequate operation
and maintenance, that leads to early rehabilitation (Inocencio and Barker 2018). Physical
targeting system for new irrigation development appears to be weak institutional, physical,
and operational constraints (Inocencio and Briones 2020). In 2000, (David 2000) reported
the alarming inefficiencies in the planning of the large and small irrigation development that
leads to reaping less than half of its intended benefits. Bareng et al. (2015) benchmarked
the overall system performance of large and small irrigation schemes and found that the
selected irrigation systems are performing low and there are wide gaps between their actual
and designed service areas. Moreover, climate change would make everything more difficult
in agriculture to address food security in the country which results to relying unceasingly on
rice imports. Thus, water development in agriculture needs to improve the productivity of
available water resources amidst climate change (Inocencio and Barker 2018).

Information on irrigation development planning parameters such as dependable flow,
irrigation water requirements, and potential irrigable areas could provide cost-effective
support in irrigation project plans. The National Irrigation Administration defines potential
irrigable areas as arable land in relatively flat areas with slopes from O to 3% that could
be supplied with irrigation from water sources (National Irrigation Administration 2020).
Studies considered areas with a slope of up to 8% potentially irrigable based on Food and
Agriculture Organization (1976) framework for land evaluation (Worglul et al. 2015, 2017;
Nigussie et al. 2019). These studies employed the Geographic Information System to iden-
tify the areas that are potentially suitable for irrigation. In addition to the slope, other fac-
tors such as soil (drainage, depth, and texture), climate, the proximity of the rivers, and
landuse were considered in spatially identifying land suitable for irrigation. The FAO clas-
sifies land as provisionally irrigable when it satisfies economic evaluation considering the
water supply, development costs, and benefits (Food and Agriculture Organization 1985).
These suitability assessment studies, however, are limited to the biophysical factors and did
not consider the capacity of the rivers as a source of irrigation. More importantly, climate
change was not included. Sustainability of water supplies is a huge challenge for water
managers in the twenty-first century amidst global climate change on top of the continu-
ously increasing demand brought by urbanization, industrialization, and population growth
(Gleick 2003; Falkenmark 2008).

Climate change has taken its toll on rice production not only in the country but worldwide.
Rice imports are beginning to be affected and would likely adversely hit the dependent coun-
tries. For example, Vietnam, the fourth largest rice exporter, would likely lessen rice expor-
tation to other countries because of the reduced rice production areas due to salt intrusion
attributed to sea level rise and rainfall and temperature changes (IFAD 2014; Yu et al. 2010;
Baronchelli and Ricciuti 2018; Kontgis et al. 2019). Countries including the Philippines would
be directly affected by these exportation cuts considering that the country also struggles with
its rice self-sufficiency targets. Rice production in the uplands even with drought-resistant cul-
tivars has been projected to substantially decrease because of changes in seasonal rainfall and
increase in temperature brought by climate change (Alejo 2020). Lowland rice production is
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highly reliant on water availability thru irrigation systems. If the uplands are adversely affected
by climate change, it might be worse in the lowlands.

Without major policy interventions, an increase in water demand in various sectors is pro-
jected to heighten competition among water users under decreasing water availability (Abansi
et al. 2018). Efficient and effective water resources development in the country is suppressed by
the lack of data and unreliable information on water supply and demand (Pulhin et al. 2018).
Projections on irrigation water demand and supply would support climate-proofed irrigation
development planning efficiently and effectively. Conventionally, irrigation designs do not con-
sider climate change in the Philippines and in many developing countries. It is one of the rea-
sons why many irrigation systems service areas are underirrigated (Bareng et al. 2015). This
study presents a method in climate proofing future irrigation systems by incorporating climate
projections in determining irrigation systems design parameters such as the dependable flow,
diversion water requirement and potential service areas. It also used the latest available climate
projections published by the weather authority in the Philippines. Climate change is dynamic
and evolving and thus, it is important to update water resources projections with the latest avail-
able data.

There have been no published studies in the Philippines utilizing the latest representative
concentration pathways (RCP) climate projections to examine climate change implications on
streamflow and irrigation water requirements for irrigation planning and development. The
RCP climate projections show the RCP for the dry, normal, and wet years in the mid and
late twenty-first century. This is necessary to provide irrigation managers and the government
a basis of what may happen in the future that could allow for the irrigation systems’ plans
and designs to consider drought, flood, and normal climate conditions in the future. Araza
et al. (2020) employed SWAT to model streamflow across climate change and landuse change
scenarios, and approximated the potential irrigation supply as 81.3 percent of the streamflow.
They calculated the possible irrigable area based on this. They used the RCP scenarios for
climate change but did not consider the uncertatinties of dry, normal and wet years. It could be
assumed that they used the normal year projections representing the mean values. Alejo and
Ella (2019) evaluated the impacts of climate change on existing irrigation systems’ irrigable
areas using the PRECIS-based climate projections for 2020 and 2050 published by PAGASA
in 2011. The PRECIS-based climate projections only provided changes in rainfall and tem-
perature as a seasonal average for two time slices for 2020 and 2050.

Since the present study was done for non-existing irrigation systems, validation of the
results on potential irrigable areas was necessary to assess if such area is possibly available on
the ground for lowland rice production. This paper theoretically validated the generated poten-
tial irrigable areas based on SWAT-based dependable flow and CROPWAT-based diversion
water requirements using the GIS-based model framework. The study was conducted under
Climate Type II which has a condition where rainfall could reach up to more than 5000 mm
annually. The study assessed how climate changes affect the irrigation supply and demand of
the future irrigation systems under areas with substantially abundant annual rainfall.

2 Methods
2.1 The Daet River Watershed

The Daet river is located in the southeastern part of the province of Camarines Norte
in the Philippines. Its watershed has a total area of 4,174 hectares. (Fig. 1). Most of the
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Fig.1 The Daet River watershed in Camarines Norte

watershed’s topography ranged from flat to nearly flat (0-3%) to rolling (9-18%) covering
65% of the total area. This is why 93% of the watershed area is devoted to agriculture, most
of which is coconut plantations. Most of the Daet River watershed soil is loam (45%) to
clay loam (55%). The Daet River watershed is under the Climate Type II of the Modified
Corona classification system. The mean annual rainfall amounts to around 3,500 mm. His-
torically, annual rainfall ranged from 1,856 mm to as high as 5,418 mm. The last quarter
of the year is the rainiest with more than 500 mm monthly rainfall. The average monthly
temperature ranged from 26 °C in January to 28.9 °C from May to June.

To quantify the potential irrigable area for the baseline and all the climate change
scenarios during the mid-21st and late-twenty-first century, the supply side and demand
for lowland rice production were estimated (Fig. 2). The supply side or the available
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Fig.2 The methodological framework for the study

water for irrigation was determined from the calibrated and validated SWAT simulated
streamflow. The demand side or the diversion water requirements across scenarios were
obtained by incorporating efficiencies on the CROPWAT estimation of field irrigation
requirements. The theoretical service area was determined considering the suitable land
use, slope, and soil and then subtracting the built-up areas from the result. This was con-
ducted to validate if the potential irrigable area based on dependable flows and diversion
water requirement conforms to the theoretically available land for rice production. The
succeeding sections provide a more detailed explanation of the steps in the methodologi-
cal framework.
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2.2 Estimation of Available Water Supply for Irrigation

The available water supply for irrigation refers to the streamflow with an 80 percent prob-
ability of exceedance, also known as the dependable irrigation flow. SWAT was used to
determine the dependable flow under the baseline and climate change scenarios.

2.2.1 The SWAT Model

Soil and Water Assessment Tool is a semi-distributed process-based watershed modeling
tool that was developed more than 30 years ago (Gassman et al. 2007). It estimates hydro-
logical processes with time ranging from hourly to annual. It generates output from a spa-
tial scale of hydrologic response unit to basin (Srinivasan et al. 1998).

Data Inputs For SWAT to sufficiently generate outputs, local weather, landuse, soil,
and elevation data are required. Weather data, which include rainfall, temperature, rela-
tive humidity, wind speed, and solar radiation were requested from the DOST- Philippine
Atmospheric, Geophysical, and Astronomical Services Administration (PAGASA). Solar
radiation data was not available. However, it was generated using the DSSAT program. The
DSSAT program was also used as a data quality checker since it can scan errors through
the scan button in its Weatherman module. It is also capable of filling in missing data
including daily solar radiation. It utilizes the WGEN and SIMMETEO weather simulators
based on actual data (Soltani and Hoogenboom 2003). Soil maps were requested from the
Bureau of Soil and Water Management (BSWM). Landuse was the result of the reclassified
landcover map, which was requested from the National Mapping and Resource Information
Authority (NAMRIA). High resolution DEM (5 m by 5 m) was also requested from the
NAMRIA.

There were no streamflow data at the exact location at the chosen watershed outlet as
the proposed location of the dam along the Daet River. However, 5 years (1982-1986)
streamflow data was available along the Daet river and another 5 years (2006-2010) at
a nearby river, the Labo river. Limited hydrological data is one of the issues impending
sustainable irrigation planning and development (Palao et al. 2013; Briones et al. 2016).
The drainage-area ratio method was used to augment the Daet river flow data based on the
Labo river flow data. This technique interpolates the ratio between streamflow data and
drainage area of the watershed under study to that of a watershed nearby or with a similar
hydro-meteorological condition. The length of the streamflow data was found adequate for
hydrological studies. Based on the test of data sufficiency the length of years for the entire
study should at least be 7 years. These streamflow data were used to optimize and localize
the SWAT model for the Daet River watershed. The streamflow data was requested from
the Department of Public Works and Highways (DPWH).

SWAT Calibration and Validation Process Manual calibrations of SWAT were employed
to initially yield a sufficient performance before carrying out the use of SWAT-CUP for
auto-calibration of 18 parameters. SWAT models were created using the optimized 18
parameters. The most sensitive parameters among the 18 calibration parameters were cho-
sen based on the sensitivity analysis module of SWAT-CUP. These are the most sensitive
parameters for the site which were optimized further to have the final calibrated and vali-
dated SWAT projects.
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The SWAT- Calibration and Uncertainty Procedures (CUP) was used for streamflow
calibration. A recalibration was done the most sensitive parameters based on its initial
run. The SWAT model’s performance was assessed using the most widely used statisti-
cal indices (Moriasi et al. 2007). The Nash—Sutcliffe model efficiency (NSE), percent bias
(PBIAS), RMSE-observations standard deviation ratio (RSR), and coefficient of determi-
nation (R?) were the indicators used. For a model to be deemed satisfactory, it has to pro-
duce an R2 (Santhi et al. 2002; Van Liew et al. 2003) and NSE (Nash and Sutcliffe 1970)
more than 0.5, RSR of less than 0.70 and PBIAS is between +25% and -25% (Gupta 2017).

The SWAT-CUP program provides uncertainty approximations from its 95PPU results
which indicates the percentage of the best estimates. The uncertainties can be attributed
from the model inputs. The p-factor and the r-factor reflect the uncertainties of the model.
The p-factor is the percentage of observed streamflow which is adequately estimated by the
model. The thickness of the 95PPU is characterized by the r-factor. A p-factor of more than
70% and r-factor of almost 1 is considered satisfactory (Abbaspour 2015).

2.3 Climate Change Scenarios

Climate change scenarios were created based on projections to assess the effects on
dependable flow and irrigable land. The DOST-PAGASA provided the recent climate pro-
jections. Their downscaling techniques and other details are further detailed in Philippine
Atmospheric Geophysical and Astronomical Services Administration (2018).

The changes in rainfall and the maximum and minimum temperature represent cli-
mate change in this study. The historical weather data in the study area are the basis of
the climate parameter changes for the scenarios. Climate scenarios considered were the
following:

1. Moderate level (RCP 4.5) — mid-twenty-first century (2036-2065) — dry years
2.  Moderate level (RCP 4.5) — mid-twenty-first century — normal years
3. Moderate level (RCP 4.5) — mid-twenty-first century — wet years
4. Moderate level (RCP 4.5) — end of the twenty-first century— dry years
5. Moderate level (RCP 4.5) — end of the twenty-first century— normal years
6. Moderate level (RCP 4.5) — end of the twenty-first century— wet years
7. High level of GHG (RCP 8.5) — mid-twenty-first century (2070-2099) — dry years
8. High level of GHG (RCP 8.5) — mid-twenty-first century — normal years
9. High level of GHG (RCP 8.5) — mid-twenty-first century — wet years
10. High level of GHG (RCP 8.5) — end of the twenty-first century— dry years
11. High level of GHG (RCP 8.5) — end of the twenty-first century— normal years
12.  High level of GHG (RCP 8.5) — end of the twenty-first century— wet years

These scenarios represent the sustained increasing emission patterns under medium
and high greenhouse gas levels in the future if there will be no interventions. The cli-
mate change projections come as percentage changes in rainfall and increases in temper-
ature in the coming mid-twenty-first century (2036-2065) and late twenty-first century
(2070-2099). These climate projections were provided by the DOST-PAGASA which
national mandate is to deliver weather updates, forecast and projections. They recom-
mended 2 trajectories of GHGs in the future, the moderate level (RCP 4.5) and high level
of GHG (RCP 8.5). The first being the most likely to happen in future and the second was
suggested for impact studies. Both climate change scenarios have uncertainties in the future
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for the 2 time slices. These uncertainties were captured with the dry, normal, and wet years
projections of changes in both time slices. This means that for the mid-twenty-first century
between 2036 and 2065, and late-twenty-first century between 2070-2099, there are three
scenarios that could happen namely dry (extreme drought), wet years (extreme rainfall con-
ditions) and normal years (no extreme drought or extreme rainfall conditions). The per-
centile changes in rainfall and increas in temperature in the climate projections were used
to alter rainfall and temperature in SWAT across each scenario. All the adjustments were
relative to the local baseline data in the area and were inputted as percent changes (rainfall)
and increase (temperature) in SWAT. The baseline period used was the year 2013. This
year was chosen since there were no climate anomalies during this year (NOAA Climate
Prediction Center 2019).

2.4 Calculation of Potential Irrigable Area

The ratio of dependable flow to diversion water requirement is the potential irrigable area.
SWAT streamflow frequency analysis was used to determine the dependable flows for each
scenario. The streamflow at 80% probability of exceedance was taken as the dependable
flow for irrigation planning. The diversion water requirements for each scnerario were gen-
erated from the farm water requirement in CropWAT. The impacts of climate change on
potential irrigable area were computed as the percent change between the values from each
scenario and the baseline.

The FAO developed CropWAT program which was used to estimate the diversion water
requirement in the potential service areas. Alejo et al. (2021) provided information on how
CropWAT estimates net irrigation requirement and detailed estimation method of diver-
sion water requirement. This part of the present study employed their method in estimating
DWR wherein a 70% irrigation application efficiency was considered, which is the typi-
cally accepted value for water resources planning. A conveyance efficiency of 80% was
assumed for the computation of diversion water requirements.

2.5 Theoretical Validation of Potential Irrigable Area

To validate if there will be enough design service area based on the derived potential irri-
gable areas, a GIS map on the theoretical service area was developed based on theoretical
irrigable area considering the suitable soil, slope, and land use for rice production expan-
sion. Land use such as the built-up areas, roads, water bodies, and existing irrigated ser-
vice areas was considered as restrictions to rice production expansion. The built-up areas,
roads, and water bodies were identified through remote sensing in Google Earth Engine
by supervised classification. Training features were based on polygons and points deter-
mined using the USGS Landsat 8 TOA Reflectance (Orthorectified). The existing irrigated
service areas were based on the map of the National Irrigation Administrations’ irrigation
development maps which were georeferenced and digitized to generate vector data of these
areas. The suitable slope was derived from the digital elevation model reclassified into 2
slope ranges (0-8% and>8%). Areas with a slope of 0-8% were considered to be poten-
tially irrigable. The reclassified slope was converted into vector format and the 0-8% slope
class was retained as a suitable slope for rice production. The suitable slopes were based
on the BSWM soil map where unsuitable soils were subtracted. Suitable slope and soil
were intersected where the built-up, roads, and water bodies were erased. Only continuous
regions of equal to and more than 5 hectares were considered in the final maps, which were
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considered theoretical service areas. Also, theoretical areas were summed up to assess
whether the potential irrigable area based on dependable flow and diversion water require-
ments are comparable or not. A theoretical area that is equal to or greater than the potential
irrigable area could be deemed feasible for irrigation development projects.

3 Results and Discussion

Climate change will restrict rice cultivation regions in the future because of changes in
dependable flow and diversion water requirements. The SWAT model for Daet river dem-
onstrated a satisfactory estimate of streamflow for water resources planning. Based on the
SWAT climate change simulations, the planned irrigation systems in study area will experi-
ence water scarcity for irrigation during dry years but it might experience flooding during
wet years. During normal years, climate change is projected to increase dependable flow
with an increase in RCPs. Across all climate change scenarios, the irrigation demand or
diversion water requirement was expected to increase. As a result, during the wet years, the
potential irrigable land is expected to shrink across scenarios. Theoretical validation dem-
onstrated enough contiguous lands for rice production across scenarios.

3.1 SWAT Model Performance

Calibration of the SWAT model for the Daet River watershed showed adequate perfor-
mance for streamflow estimation with a coefficient of determination value of 0.81, NSE
value of 0.77, 12.17 PBIAS value, and an RSR of 0.48. The calibrated parameters have
been validated sufficiently for streamflow with validation statistics of 0.90 R?, 0.83 NSE,
16.32 PBIAS, and 0.41 RSR value. The model sensitivity was found to be primarily
affected by the CN2 and the LAT TTIME. The CN2 dominantly affected the surface runoft.
Increasing CN2 led to increased surface runoft and decreased the values of lateral flow and
return flow. The LAT_TTIME is the travel time of lateral flow determine by soil hydraulic
characteristics. The ALPHA_BNK, CH_K?2, GW_DELAY, SOL_K and the SOL_BD are
among the sensitive variables in the model (Table 1). Shi et al. (2011) and Martinez-
Salvador and Conesa-Garcia (2020) also showed similar SWAT model sensitive param-
eters to streamflow. Running another SWAT-CUP auto-calibration using the most sensitive
parameters slightly improved the performance of SWAT in estimating streamflow relative
to the calibration using the 18 initial parameters. There was 82% of the actual streamflow
data within the 95PPU as indicated by the p-factors with thickness or r-factor of 0.88 that
also indicates the good performance of the model. Generally, the model underestimated the
peak flows. The model performed better with low flows up to around 5 m*/s.

3.2 Impact of Climate Change on Dependable Flow

The baseline dependable flow in the Daet river is 1.18 m>/s from a 4,174 hectares water-
shed. The Daet River is located in a Climatic Type II, which has a high mean annual rain-
fall of more than 5000 mm. The dependable flow in the Daet river is projected to decrease
in RCP4.5 mid-21* during normal years and across scenarios during dry years and seen
to increase during wet years and the rest of normal years (Fig. 3a). Dependable flow in
the Daet river is projected to lessen during dry years (-13% to -25%) and rise during
wet years+3% to 8%. During normal years, it is estimated to increase in almost all the
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Table 1 The Calibrated SWAT parameters

Parameter Description Optimum Value
CN2.mGT The SCS runoff curve number 64.78
ALPHA_BF.cw Baseflow alpha factor (days) 0.58
GW_DELAY.cw Groundwater delay (days) 67.06
GWQMN.cw Threshold depth of water in the shallow aquifer required for 77.50
return flow to occur (mm)
GW_REVAP.cw Groundwater "revap” coefficient 0.06
REVAPMN.cw Threshold depth of water in the shallow aquifer for "revap” to  387.50
occur (mm)
ESCO.HrU Soil evaporation compensation factor 0.85
HRU_SLP.HRU Average slope steepness 0.51
OV_N.HRU Manning’s "n" value for overland flow 4.52
SLSUBBSN.HRU Average slope length 71.11
LAT_TTIME.HrRU Lateral flow travel time 15.44
SOL_AWC.soL Available water capacity of the soil layer 0.98
SOL_K.soL Saturated hydraulic conductivity 688.50
SOL_BD.soL Moist bulk density 2.45
CH_N2.rTE Manning’s "n" value for the main channel 0.04
CH_K2.rTE Effective hydraulic conductivity in main channel alluvium 29.97
ALPHA_BNK RTE Baseflow alpha factor for bank storage 0.31
SURLAG.BsN Surface runoff lag time 3.86

scenarios except in RCP 4.5 during Mid twenty-first century. The decrease in dependable
flows in dry years will intensify towards the end of the century. The dependable flow dur-
ing normal years is observed to increase with RCP. The changes in dependable flows, both
in dry and normal years, are directly related to the RCP during the mid-twenty-first century.
Notably, the increment in dependable flow in the Daet River during the rainy years ranged
from +22% (1.44 m>/s) in the RCP4.5 mid-twenty-first century to+34% (1.58 m’/s) in the
RCP8.5 late-twenty-first century. Similarly, Rani and Sreekesh (2019) estimated climate
change to negatively impact mean annual streamflow in a watershed in India by as much as
14.18%. They used trend analysis methods on the historical climate data to project climate
changes. Viola et al. (2019) assessed the impacts of climate change on annual runoff in
seasonally dry basins using a framework based on the Fu’s equation and found that climate
change could lead up to 50% reduction in annual runoff which is a result of nonlinear inter-
action with rainfall reduction and increase in evapotranspiration.

Across all scenarios, the expected dependable flow showed a consistent trend simi-
lar to the baseline during normal years. This means that during typical years, climate
change will have no negative impact on irrigation supply. Climate change, on the other
hand, will restrict irrigation supply during dry years, notably in the late twenty-first cen-
tury. Hence, the size and capacity of the planned irrigation system should be considered
in order to control excess rainfall during the wet years. This way, the irrigation system
could store more to supply irrigation during dry years and could store more to suppress
flooding downstream. The estimated streamflow during wet years should be selected for
this purpose. The selection, however, depends on many criteria which includes available
financial, physical and institutional resources.
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3.3 Impact of Climate Change on Diversion Water Requirement

The diversion water requirements derived from the CROPWAT outputs of field irrigation
schemes are presented in Fig. 3b. The diversion water requirement (DWR) ranged from
1.43 to 1.80 li/s/ha (0.00143 to 0.0018 m?/s/ha). Remarkably, despite the high annual
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volume of rainfall, the DWR under this climate type was seen to only escalate across years
and scenarios. Compared to the DWR in the baseline period, climate change is seen to
consistently increase the DWR across scenarios. Climate change will cause a doubling
of diversion water requirements of future irrigation systems in the Philippines (Alejo
et al. 2021). Across all scenarios, diversion water requirement in the site will increase
with RCP and towards the late twenty-first century. These findings show that future irri-
gation systems will require increased water supply even in areas with significant rainfall
resources. To mitigate the effects of climate change on crops in Central Iran, Mehrazar
et al. (2020) proposed modifying cropping patterns as one of their simulated water demand
interventions. Retrofitting the cropping patterns will be a good practice in future irrigated
lowland rice systems to optimize the availability of rainfall resources.

3.4 Climate Change Impacts on Potential Irrigable Areas

Climate change could inflict unfavorable impacts on potential irrigable areas. Climate
change will result in significant decrease of future irrigable lands, owing to increased irri-
gation demand. The potential irrigable area could shrink by -9% (511 hectares) to -39%
(503 hectares) during the dry years in the RCP8.5 late-twenty-first century relative to the
826 hectares in the baseline period (Fig. 3c). The lowest possible reduction in the poten-
tial irrigable area during dry years is -19% (671 hectares). Under normal years, climate
change can cause a reduction in the potential irrigable area that could range from -4% in
the RCP8.5 mid-twenty-first century to -18% in the RCP4.5 mid-twenty-first century. The
wet years could have an increase in potential irrigable areas that may range from+ 5% (867
hectares) in the RCP4.5 late-twenty-first century to+22% (1005 hectares) in the RCP 8.5
late-twenty-first century. Araza et al. (2020) also used SWAT to simulate streamflow in a
Climate Type III in the Philippines and estimated the potential irrigation water as 81.3%
of the total flow. From this, they estimated the potential irrigable area. Using this method,
they found that 19.13% of crop lands are at risk due to climate change and land use change
during May—August cropping seasons. Climate Type III is characterized by no pronounced
dry and wet seasons, with relatively dry from November to April and wet the rest of the
year.

Despite plentiful annual rainfall, this analysis highlighted how susceptible future irriga-
tion systems under Climate Type II are to climate change. This might also imply that addi-
tional rainfall inputs in a watershed do not always indicate more irrigable land that can be
supplied. However, appropriate water management strategies are needed to optimize water
available. During wet years, potential irrigable areas will expand due to enough dependa-
ble flows. These findings show that in irrigation planning and development, design service
areas should be carefully defined to avoid overestimation of such parameters in the designs.
This will help to prevent future lowland rice irrigation regions from being under-irrigated.
The designed service area for the planned dam could be selected among the potential irri-
gable area projections in this study. To avoid underirrigation during droughts, projections
from dry years should be considered. However, selection depends on many factors includ-
ing the funds available, and the water conservation management that could be implemented
and included in the plans. Assessment of irrigation development program in the country
generally showed many existing small and large communal and national irrigation systems
prevalent overestimation of designed service areas and under irrigation of lowland rice pro-
duction areas (Luyun and Elazegui 2020). This study is pertinent and important now that
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the government is depending on significant irrigation expansion to accomplish the coun-
try’s aim of inclusive growth and a globally competitive economy by 2040.

3.5 Theoretical Service Areas

Irrigation supply and demand has been calculated at this stage, however it is based on the
river’s capacity as well as crop and field consumptive use. For irrigation development to
be feasible in an area, it is necessary to assess on the ground if the potential irrigable areas
are available on actual ground. Assessment results suggest that the theoretical service areas
based on suitable slope, soil, and landuse for rice production expansion were found to be
larger than their corresponding potential irrigable areas across all scenarios. The site had
3,371 hectares theoretical service area that is yet to be irrigated and is 4 times larger than
the potential irrigable area of 826 hectares from the baseline and 503 to 1005 hectares
across climate change scenarios.

The irrigation supply and demand have been accounted for, however, these are based on
the capacity of the river and crop and field consumptive use. For irrigation development to
be feasible in an area, it is necessary to assess if the potential irrigable areas are available
on the ground. Assessment results demonstrated that the theoretical service areas based
on suitable slope, soil, and landuse for rice production expansion were found to be larger
than their corresponding potential irrigable areas across scenarios. This suggests that there
is available contiguous land for rice production areas with a size more than the irrigation
capacity of the Daet river.

4 Conclusion

Climate change will lead to a reduction in irrigation supply and an increase in irrigation
demand. This will further lead to a reduction in potential irrigable areas in future irriga-
tion systems. With the current crop calendar and crop management, results demonstrated
that up to 39% of future irrigation systems in rice production areas could be under irri-
gated largely due to declines in irrigation supply of up to -39% and an increase in irrigation
demand of up to+26% in areas. Hence, assessment of the optimum crop calendar across
climate change scenarios to optimally use rainfall resources is highly suggested to come up
with a climate-proofed crop calendar. Water storage facilities with sizes and designs that
account climate change are required to prevent floods during wet years and store enough
irrigation supplies in preparation for dry years. The methods herein demonstrated for
assessing climate change impacts on irrigation planning and development parameters could
be extended for use in other potential lowland rice production areas for development not
only across the country but also across other nations.
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