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Abstract: A sustainable agricultural system can be supported using renewable sources of energy with solar-
powered irrigation gaining global adoption. This study assesses the feasibility of deploying solar irrigation in the
Philippines by examining groundwater storage anomalies (GWSA), drought intensity, and solar photovoltaic (PV)
potential. GWSA was estimated using GRACE/GRACE-FO and GLDAS data, while drought intensity was assessed
via the Keetch-Byram Drought Index (KBDI). Cropland areas were extracted from ESA WorldCover, and solar PV
potential was evaluated using Himawari-8/9 shortwave radiation (SWR). Data processing was conducted in Google
Earth Engine and ArcGIS Pro. A test site in Central Luzon revealed seasonal drought trends, with high KBDI in dry
months and low during the rainy season. Given its manageable GWSA (0 to <1.648 cm) and high solar radiation
(204-286 W/m?), Central Luzon becomes a prime candidate for solar-powered irrigation. This study provides insights
for prioritizing solar irrigation in the Philippines. Future research should validate satellite-derived GWS estimates,
cross-reference findings with existing solar irrigation projects, integrate geomorphological and socioeconomic
factors, and expand the study area.
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Solar photovoltaic (PV) pumping systems are a viable solution for off-grid
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I. Methodology = Fi%

Table 1. Data used in this study.

irrigation, providing an environment-friendly alternative to diesel and
electric pumps with proven economic and environmental benefits (Santra,
2020; Rezk et al., 2019). This study explores the feasibility of solar-

powered irrigation in the Philippines by analyzing groundwater storage
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anomalies (GWSA), a drought index, and solar PV potential. Using

satellite data, it provides insights to prioritize solar irrigation deployment in
the country.
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[ Band . Spatial Mission/
/ Soil Addition —>/ TSM / Parameter Unit Resolution Product Source
Moisture P
Liquid water 0 GRACE/
Layers /Z l thickness 0-5 GRACE-FO  NASAJPL
Soil moisture  kg/m?  0.25° GLDAS-2.1 gf‘SSCA GES
Band SSA Anomaly ESA
Subtraction Computation Cropland area N/A 10 m ESA
WorldCover
Shortwave vz 5 km AHI 8/9 JAXA
radiation
Drought index unitless 4 km KBDI [IS-UTokyo

Total soil moisture (TSM) was computed by summing up
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soil moisture (SM) values in the four soil layers (Eq. 1):
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Image source: https://www.nia.gov.ph/content/nia-intensifies-development-solar-powered-irrigation-projects

lII. Results & Discussion = #53R & &5

TSM: total soil moisture

SSA: soil moisture anomaly
GWSA: groundwater storage anomaly

TWSA: terrestrial water storage anomaly

£11E/KSH (TSM) [, 4 DO LIEED LIEKS (SM)

KBDI: Keetch-Byram Drought Index = .
Geospatial SWR: shortwave radiation 1|E éﬁ‘l’ L fﬁﬂj = (:_Et 1)
Analysis AHI: Advanced Himawari Imager
TSM = SMg._1o + SMyg.40 + SMyg.190 ¥ SMygg.200 (1)
« Groundwater storage anomaly (GWSA) was computed as
Results and the difference between TWSA and SSA (Rodell M. et al., 2006)
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* 6 out of the 17 regions experienced decrease in GWS (-14.178
cm to <0 cm). Highest decrease in Northern Mindanao (-12.441
cm). Highest increase in BARMM (6.525 cm).

17 H#higich 6 ik © GWS AEd L1 (-14.178cm M5
Ocm Xi#) - RBBALLEOEFIEEITMTOXFH4 (-
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(6.525cm)

llocos, Cagayan Valley, Central Luzon, and the Cordillera
Administrative Region (CAR) exhibited a low increase in GWS
(0O to <1.648 cm): opportunity for solar-powered irrigation
(groundwater remains available for extraction).
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« KBDI: consistent seasonal trend of drought levels (high during
cool dry and hot dry, and low during rainy seasons (Fig. 3c, 4).
KBDI : FIEDLANILDO—E L-FHEMER CRiRGEEL
EmPNEEFICE <. WEIZEL (H3c,H4) ,

« GSWA: increases during cool-dry to hot-dry seasons and
decreases towards the first part of the rainy season. Thereafter,
GWSA increases during the rainy season until the dry-cool
months (Fig. 4).
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Figure 2. Trend in groundwater storage based on GWSA.
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Table 2. GWSA classification.

Classification

Max Value (cm)

High Decrease K=75i5 6.313 » Test cropland area in Central Luzon: a good candidate for solar-
Moderate Decrease H¥2EE D 5L -1.630 powered irrigation system (due to low increase in GWS, a
Low Decrease {& Mg/ 0.000 significant amount of solar radiation (204-286 W/m?2)).

Low Increase {&hM iz E 0 1.648 FRILY DORERES : KIGFEEER S X T LD RIFIEH

Moderate Increase HF2EE DN 4.738 A EEE (GWSHAPRPIEML., EELHHNE (204~
High Increase K710 9.701 286W/m2) 1 d) .
. GEEA
1A qff
« RS data was used to assess the feasibility of deploying solar PV systems for irrigation in cropland areas across the
Philippines.
RST—4ZAWT., J4JEVELTOEMICEITAERAKRGEXE AT LOEARREM Z5TE L 1=,
« Most regions in the country have experienced an increase in groundwater storage based on GWSA.
T4 1)EVDIFEALEDHIBETIE., GWSAIZK 5 LM T/KEEZ=MEML TLVS,
« Central Luzon identified as a prime candidate due to high-value crop production (e.g., rice), extensive croplands and
high solar potential, and manageable seasonal drought conditions. JL.Y U EHE L. SEEEY (A% E) DEE.
LRGEEMERGAXEBEDOBERIDS S, BEARLGEHEOTIEDRRENL, BALGEMME L THE SN,

V. Conclusions

V. Future Work = 5% ND:iRE

Future research should focus on validating satellite-derived GWS estimates with existing solar irrigation projects,

incorporating geomorphological and socioeconomic factors, utilizing AMSR2 data to account for land surface water, and

expanding its application to larger study areas such as the whole Asia Pacific region. & DM ZE TIL. BHEHRHFXD GWS
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Figure 1. Methodology of this study. sTE L7z (Rodell M. etal.,, 2006) (= 2)
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Figure 3. (a) The Philippine administrative regions; (b) cropland areas extracted using ESA WorldCover 2020. Blue pin marks
the location of a test pixel (120.858903° E, 15.406952° N); (¢) KBDI; (d) shortwave radiation (SWR) in the Philippines.
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Figure 4. KBDI and GWSA values of a test cropland pixel in Central Luzon, Philippines for the year 2024 covering three
distinct seasons in the country: cool dry, hot dry, and rainy.
H4.2024F(2HETH T4 VEY - LY UEREDOREREME Y /ILOKBDHE L GWSAE, RKED3DDFELEH (5
RIEEH, SRR, W) Zh/AN—L TS,

Acknowledgment -

Data sources: NASA, JAXA, ESA, and IIS-Tokyo. This research was supported by the Japan Society for the Promotion
of Science (JSPS) under the Invitational Fellowships for Research in Japan (Long-term).

T —4& Y —Z: NASA, JAXA, ESA. lIS-Tokyo, AWF2tiL, HARZMIRESIE A A~WFEE (BT 277 L0
iRk a2 7=,

References: Available upon request - 2%& 3k 2326 U F 9,

For further details, contact: Jeark Principe, Bw-6095, 6-1, Komaba 4-chome, Meguro, Tokyo 153-8505 JAPAN (URL.: http://wtlab.iis.u-tokyo.ac.jp/ E-mail: japrincipe@up.edu.ph)




