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Developing a Customizable Composite Drought
Index for Pakistan

i

AT
|
i
1

g
:

i1t | 1| i
| e R BT &

|
:
:
!

ey . ey .

=08 HIEF
|l Rl o

fﬁ

- o rﬂ Dremagd -?EH:-
ot e I T

Procenesd DCuris Prosduct (Wsrinbde rme)
Comncinrd Priscipitsden Irales - U maorsh (5P
..... Frnrnirv] PrisCigetadinn insdas = 3 e (5P
¥l Erumtin ] P ovslatam Iradan - 6 yraeed) | 3P
Sranchard Precipiaion irdas - 1 monis (59112}
I Srean ndex [C5I0°
[Evaporanivs Dierrand Drowghd badia [EDDI®
Ao T Bod Misshss Pastentibs (THRALCE |

— | ThAS Sl Wrsture (S

Caily Schwartz', Robert Griffin', W. Lee Ellenburg?, Vikalp Mishra?, Tim Mayer?, Faisal
Qamer?, Mir Matin?®, Tsegaye Tadesse*

"The University of Alabama in Huntsville, Huntsville, United States, 2NASA/SERVIR Science Coordination
Office, Huntsville, United States, 3International Centre for Integrated Mountain Development, Kathmandu,
Nepal, “National Drought Mitigation Center, University of Nebraska-Lincoln, Lincoln, United States

A #~1 || FALL
MN\IP MEETING

Online Everywhere | 1-17 December 2020

115



11/10/2020 AGU - iPosterSessions.com

INTRODUCTION AND OBJECTIVES

Around the world, drought impacts millions of people every year and causes economic damage across
multiple sectors. The agricultural sector is threatened by future droughts, creating a need to
understand the propagation of drought in these areas [1]. Originating from a lack of precipitation, the
extent, intensity and duration of a drought event are determined by a variety of factors [2]. This study
examines geophysical variables that make up multiple aspects of the hydrological cycle in order to
capture the full extent of agricultural drought [3]. In Pakistan, many communities and families depend
on agriculture for their livelihoods. This study focuses on agricultural drought, when the absence of
moisture impacts crop growth and sustenance.

Figure 1: Study area, Pakistan
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This study aims to identify historical agricultural droughts between 2004-2019 using 10
geophysical variables and determine what variables have little importance in this
identification. Satellite data products or model outputs are used for all input variables.
Understanding the interactions between the data will provide information on temporal and spatial
patterns of how drought is presented in irrigated and rainfed areas. This knowledge will assist in
creating a Customized Composite Drought Index in future work.

Irrigated

B Rainfed

Figure 2: Areas of irrigated and rainfed agriculture by district in Pakistan.
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METHODOLOGY

Customized CDI

Full CDI

10 Input Variables
INPUT —

(Table 1)

Remove least important
variables
PROCESS |

-~

Linear component to
calculate percent DN
contribution (weights)

This study will result in two CDIs, the Full CDI, containing all 10 input variables (Table 1) and the
Customized CDI, containing a subset of the variables by month and by district.

Each input dataset is processed to have a temporal resolution of 1 month and spatial resolution of
5km and is standardized using the z-score. To create the Customized CDI, variables will be removed
after preprocessing. The Full CDI will skip this step. Both CDIs will use the eigenvectors of the first
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linear component to calculate weights for each input variable. This allows for each input to have a
different amount of influence in determining drought based on month and location (Fig. 5). These
weights are then multiplied by the identified standardized datasets to create the Customized CDI or
multiplied by all standardized input datasets to create the Full CDI (Fig.3). The Full CDI and
Customized CDI will be evaluated with crop production data to identify how drought is presented in
different districts.

m Processed Data Product (Variable name)

CHIRPS Standard Precipitation Index — 1 month (SPI1)
CHIRPS Standard Precipitation Index — 3 month (SPI3)
CHIRPS Standard Precipitation Index — 6 month (SPI6)
CHIRPS Standard Precipitation Index — 12 month (SPI112)
ClimateServ Evaporative Stress Index (ESI)*

NOAA Evaporative Demand Drought Index (EDDI)*
GRACE Root Zone Soil Moisture Percentile (GRACE)
SLDAS Soil Moisture (SM)

MODIS Normalized Difference Vegetation Index (NDVI)
SLDAS Vapor Pressure Deficit (VPD)*

* Indicates model output

Table 1: Input variables

Pakistan identifies wheat, maize, rice, cotton and sugarcane as the most important crops. For this
analysis, we will use the production data from wheat, maize, rice, cotton and barley to evaluate both
CDIs. Crop production would be expected to decrease in the presence of drought
conditions. The months of the growing season for each crop will be identified (Table 2) and used to
evaluate the CDIs.
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PRELIMINARY RESULTS
2010

JAN FEB MAR APR MAY JUN

SEPT NOV DEC

Figure 3: Visualization of the CDI using all 10 input variables in the year 2010 for agricultural land only. Red indicates drier conditions.

The CDI has a temporal resolution of monthly and a spatial resolution of 5km. The Full CDI uses all 10
input variables. These variables account for different aspects of the hydological cycle. This will provide
the full extent, intensity and persistance of a drought event.
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Time Series of Input Variables for Kalat
SPI

'l

Figure 4: Time series for all 10 input variables over the study period (2004-2019) for the district Kalat.
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By evaluating the individual datasets, there will be a comprehensive look into how the variables have
changed during the study period. Another outcome of evaluating the datasets individually, will be a
better understanding of how each of these inputs contribute to agricultural drought and if there are
any spatial or temporal patterns present. This evaluation will also distinguish between irrigated and
rainfed areas, as seen in Figure 2. The green areas represent rainfed agriculture and blue areas
represent irrigated agriculture. Drought will show up differently in these two areas, determined by the
source and availability of water.

Percent Contribution of each Input over ag land for Kalat
B SPI1 mmm SPI6 ESI  mmm GRACE mmm NDVI
Bm SPI3 W SPI12 = EDDI mmm SM VPD

% Contribution from Covariance
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Month

10
11
12

Figure 5: Percent contribution of each input variable in each month for the district Kalat.

Each input has a different amount of influence in determining drought based on month and
location. These weights are then multiplied by the standardized datasets to create the full CDI and the
full CDI is standardized using the z-score
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FUTURE WORK

Future work for this project includes creating the customized CDI by removing variables, based on
importance, using VSURF, a package in R that uses random forest to select variables. This step will
remove the variables that contribute the least when identifying drought in each district.
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Crop Calendar
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B cultivation [ Harvesting [l Cultivation & Harvesting

op 0 eq
Wheat Punjab Patohar
Irrigated Fallow
Irrigated after Kharif
Sindh Lower
Upper
KP Plains
Hilly Area |
Balachistan Plains
Cotton Punjab Southern & Central |
Sindh Mirpur Khas
Hyderabad. Badin
Upper
KP D1 Khan |
Balachistan Lacbela, Masirabad
Sugarcane Punjab Spring
Sindh Auturmm
Spring
KF Spring
Rice Punjab Basmati |
Irri
Sindh Haotri
Sukkur
Guddu
KP Plain Areas
Hilly Areas
Balachistan
Potata Punjab Autummn
Spring
KP Auturmnmn
Spring
Balachistan Summier
Onion Punjab All
Sindh Lower
Upper
KP Plains
Hilly Areas
Balochistan Uplands
Plains
Maize Punjab Autumn
Spring
KP Plain
Hilly

Table 2: Table showing when crops are cultivated and harvested in Pakistan by province.

These results, the customized CDI, will be evaluated with crop production, as done with the Full CDI
and then will be compared to each other. This step will determine whether the customized CDI, with
less variables, still recognizes drought in a similar way to the Full CDI. The end result will be to
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identify the least amount of geophysical variables, in each district, that identify drought to the full
extent. The framework developed in this study will be able to be used to enhance existing drought
monitoring and forecasting systems in the region.
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The framework developed to identify and remove the least important variables by location will allow
for the enhancement of existing drought monitoring and forecasting systems in the region.
A customized drought index will use only the most influential variables while still identifying the onset,
persistence and intensity of drought to the full extent.
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of Alabama in Huntsville, for being my faculty advisor, and to Dr. Lee Ellenburg, Dr. Vikalp Mishra, Tim
Mayer and Helen Parache of SERVIR SCO for also advising and contributing to this research. Thank
you to my colleagues at ICIMOD and the National Drought Mitigation Center for providing expert
opinions and feedback. Funding for this research is provided by NASA SERVIR through NASA
Cooperative Agreement NNM11AAO1A.
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ABSTRACT

Pakistan has experienced intense agricultural droughts in recent years, with the southern provinces experiencing the most severe
drought conditions. These prolonged dry conditions often result in failed crop production, impacting families and communities.
To reduce the impacts a drought may have on a community by identifying dry conditions, drought indices are used. A
customizable composite drought index (CDI) is developed to improve the spatial and temporal understanding of historical
agricultural droughts that have affected Pakistan. An in depth analysis using 9 input variables will provide information regarding
the most important variables for differing locations. This framework can enhance drought monitoring and forecasting systems.
The performance of the CDI will be evaluated by using production data from different crops that have significant economic value
in Pakistan. These crops include wheat, rice, maize, cotton and barley. The expected relationship between the CDI and crop
production would be to see production decrease when the CDI decreases, an indication that crops failed due to drought. The CDI
is made more precise by evaluating only agricultural areas using the months of the growing season for each specific crop. This
will allow for a custom drought index to be developed based on crop type and geographic location that only uses the most
important variables, while still capturing the full extent of historical drought.
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