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ENSO Indicators
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Atmospheric Indicator Oceanic Indicator
Southern Oscillation Index Extended Reconstructed Sea Surface 

Temperature (ERSST)
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El Niño Impacts on Crop Production
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2019 El Niño impacts in the Philippines
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Source: Youtube (CNN Philippines)

WATER SHORTAGE: 
Critical dam levels due to lack of 
precipitation

AGRICULTURAL DAMAGE: 
Damage to crops due to low 
levels of soil moisture

‘$153 million
worth of 
crop damages’

https://www.philstar.com/headlines/2019/04/09/1908536/metro-
manila-heat-index-reaches-404c

INCREASING TEMPERATURE: 
heat index reaching up to 40℃

https://www.rappler.com/business/229052-el-nino-damage-
agriculture-as-of-april-25-2019

https://www.philstar.com/headlines/2019/04/09/1908536/metro-manila-heat-index-reaches-404c


Objective

Monitor agricultural drought 
development during the 

2019 El Niño in the 
Philippines
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Examine spatiotemporal variation of drought in the Philippines using 
several drought indices

Compare drought indices with satellite soil moisture data

Examine viability of drought indices for damage assessment
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Drought indicators used in the study

Parameters Acronym Equation Sensor(s) Resolution

Rainfall RF - TRMM 25 km 

Land Surface Temperature LST - MODIS 5 km, 1 km 

Soil Moisture SM Sentinel-1, 
SMAP 10 m, 9 km

Normalized Difference 
Vegetation Index NDVI 𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 =

𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑅𝑅𝑅𝑅𝑅𝑅
𝑁𝑁𝑁𝑁𝑁𝑁 + 𝑅𝑅𝑅𝑅𝑅𝑅

MODIS, 
Sentinel-2 250 m, 10 m 
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Presenter
Presentation Notes
a drought metric must be simple, clear, comprehensible, and statistically robust, and also be independent of the climatic characteristics (i.e., standardized) to be comparable in the wider temporal and spatial domains across geographically diverse regions



Drought indices used in the study

Category Drought index Acronym Equation Input and sensor Resolution 

Meteorological drought Standardized Precipitation 
Index-1 SPI-1 𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑅𝑅𝑅𝑅 − 𝑅𝑅𝑅𝑅
𝜎𝜎𝑅𝑅𝑅𝑅

TRMM 25 km 

Agricultural 
drought

Temperature and 
vegetation-based

Standardized Vegetation 
Temperature Ratio SVTR SVTR=

𝑅𝑅𝑖𝑖− �𝑅𝑅𝑖𝑖
𝜎𝜎𝑅𝑅

MODIS 5 km 

Vegetation Health Index VHI 𝑉𝑉𝑉𝑉𝑉𝑉 = 𝛼𝛼𝛼𝛼𝛼𝛼𝛼𝛼 + 1 − 𝛼𝛼 𝑇𝑇𝑇𝑇𝑇𝑇 MODIS 5 km 

Temperature Vegetation 
Dryness Index TVDI 𝑇𝑇𝑇𝑇𝑇𝑇𝐼𝐼 =

𝑇𝑇𝑠𝑠 − 𝑇𝑇𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚

𝑎𝑎 + 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝑇𝑇𝑠𝑠𝑚𝑚𝑚𝑚𝑚𝑚
MODIS 5 km 

Rainfall-based Standardized Precipitation 
Index-3 SPI-3 𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑅𝑅𝑅𝑅 − 𝑅𝑅𝑅𝑅
𝜎𝜎𝑅𝑅𝑅𝑅

TRMM 25 km 
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From the several choices, there is a need to understand how each 
index represents drought in the Philippines

Presenter
Presentation Notes
a drought metric must be simple, clear, comprehensible, and statistically robust, and also be independent of the climatic characteristics (i.e., standardized) to be comparable in the wider temporal and spatial domains across geographically diverse regions



The Philippine Climate
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Rainfall Climatology from 
TRMM and rain gauges

Temperature Climatology 
from MODIS
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Presenter
Presentation Notes
Type 1 – 2 pronounced season, dry November to April, wet rest of the year
Type 2 – no dry season, pronounced maximum rainfall December to February, min rainfall March to May
Type 3 – no pronounced wet season, with short dry season
Type 4 – rainfall evenly distributed throughout the year



Drought Driver: Precipitation Anomaly
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Drought Driver: Temperature Anomaly
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Agricultural Drought Indicator
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Precipitation Anomaly Temperature Anomaly NDVI Anomaly



SPI-1 and SPI-3: Historical Perspective
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Meteorological drought peak during February
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DROUGHT INDICES MAPS: SPI-1
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Presenter
Presentation Notes
2 and above – extremely wet
1.50 to 1.99 – very wet

1.00 to 1.49 – moderately wet


-0.99 to 0.99 – near normal
-1.00 to -1.49 – moderately dry
-1.50 to -1.99 – severely dry
-2.00 and less – extremely dry

0  - normal
-5 – mild drought
-1.5 – moderate
-2 – severe



• Agricultural drought peak during March/April
• Drought signals starts in areas with climate type 1 and 3, with pronounced dry season
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DROUGHT INDICES MAPS: SPI-3

Presenter
Presentation Notes
2 and above – extremely wet
1.50 to 1.99 – very wet

1.00 to 1.49 – moderately wet


-0.99 to 0.99 – near normal
-1.00 to -1.49 – moderately dry
-1.50 to -1.99 – severely dry
-2.00 and less – extremely dry

0  - normal
-5 – mild drought
-1.5 – moderate
-2 – severe



• Drought signals started in the west then became widespread around March to April
• Follows the climate type-based drought pattern of SPI-3
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DROUGHT INDICES MAPS: SVTR

Presenter
Presentation Notes
Include in findings yung effect ng climate type 

Put negative in -2.01
Uniform dapat yung legend ng lahat
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• Drought signals started in the eastern part of the country
• Drought peak observed during March

DROUGHT INDICES MAPS: VHI
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• Drought signals were consistent in the western part of the country
• Drought peak observed during May
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DROUGHT INDICES MAPS: TVDI
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Months of drought peak
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February March: 100% March: 72% MayApril 
April: 99% April: 71% 

DROUGHT INDICES MAPS

Presenter
Presentation Notes
Representative month for each indices
Peak month for each index



Overall pattern showed increasing number of affected land area from January up to May
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around March/April
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Presenter
Presentation Notes
EDIT LEGEND
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Soil moisture derived SMAP observations
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Before QA After QA (used for correlation)



DROUGHT INDEX AND SOIL MOISTURE CORRELATION
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Presenter
Presentation Notes
PIXEL-WISE CORRELATION

The precipitation and soil moisture appear to be in statistical congruence with each other, where a particular region receiving relatively high precipitation appears to exhibit a generally high soil moisture value, and vice versa
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DROUGHT IMPACT ASSESSMENT
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Data from Municipal Agriculture Officer - Mamburao, Occidental Mindoro
Data from 
DA-FAO
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CROP DAMAGE ASSESSMENT
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Ongoing collaborative 
work with DA-FAO, 
PHILRICE, and DOST-
ASTI



Case study in Mamburao, Occidental Mindoro, Philippines
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VALIDATION OF DROUGHT-AFFECTED AREA
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Spatiotemporal dynamics of precipitation, soil moisture, temperature, and vegetation

Precipitation and Land Surface Temperature
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NDVI and soil moisture

VALIDATION OF DROUGHT-AFFECTED AREA

Presenter
Presentation Notes
Emphasize that trmm is up to march
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VALIDATION OF DROUGHT-AFFECTED AREA

Presenter
Presentation Notes
Emphasize that trmm is up to march



Conclusion

1. DROUGHT PROGRESSION: 
 Agricultural drought indices were congruent in terms of drought progression except for TVDI, while 

one-month lag was observed when using meteorological drought

2. DROUGHT VERIFICATION:
 Drought indices are weakly correlated with satellite soil moisture

3. DROUGHT DAMAGE ASSESSMENT:
 Drought drivers agree with reported damaged area
 VHI successfully represents drought affected area
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A combination of drought indices could provide a more robust metric 
in characterizing drought

Presenter
Presentation Notes
statistical correlation with hydrometeorological variables that affect drought impacts in such diverse climatic regions
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Next Steps

Relationship with crop damage reports – national scale

Look at other soil moisture products

Further investigate NDVI and LST relationship

Effect of distinct climate types, localized studies

More validation to adjust drought thresholds/classes

28
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