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Objectives

o Identify sources of vulnerability to rainfed agriculture & estimation of

extent of vulnerable regions at State, AESR & District levels in India

e Trend in variations in SPI, NDVI & LGP in vulnerable regions
e Typology of agriculturally vulnerability in India

o Identify strategies to mitigate, adapt and improve resilience of rainfed
| farming
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[ Use of NDVI to study Agricultural Vulnerability]

* NDVI derived from 2-band information (Red & Near-infra Red) of MSS
imagery is contrast —stretch ratio calculated from Red & NIR bands from
LANDSAT — TM; AVHRR; IRS-1B/1C/1D/P6 satellite based sensors LISS-
2, LISS-3 / LISS-4; and MODIS besides others.

e NDVI derived from AVHRR & MODIS data with Red reflectance in Band
1 & NIR reflectance in Band 2 was calculated as follows:

band 2-band 1 / band 2 + band 1.

e Land Use & Land Cover (LULC) study helps in identifying NDVI
variations in agriculture, forest & open scrubland.

» Correlating rainfall pattern with NDVI time-series data indicates areas
vulnerable to Climate Change .

» Use of NDVI is particularly advantageous in sub-tropical regions in Asia
& Africa where dependence of agriculture is high & climate data is scarce.
This helps in drawing strategies to manage & adapt to weather
aberrations.
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NOAA- AVHRR dataset: Data was downloaded from Global Land Cover Facility (GLCF) website

Dataset Used

www.landcover.org (http://www.glcf.umd.edu/data/gimms/ ) as 15-day Maximum-Value Composite
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TERRA — MODIS dataset

MODIS (250m) NDVI composite products freely available
from Land Processes - Distributed Active Archive Centre
(LPDAAC) website of USGS http://mrtweb.cr.usgs.gov/

Data & Products

Imagery and products can be accessed from this listor using the Ea
cansider GLCF daia policies, espevially providing apprapriate citations when diplaying imagery or praducts downloaded from

this site.

Satellite Imagery
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Quick Links

Products Derived from Satellite Imagery

Landsat# - :MODIS WAVHRR® Special Collections

SPI Grid Tile

ace_Users are also asked to

wherein Indian sub-continent is covered in 13 tiles.
Data is available from February 2000 onwards.

MODIS Reprojection Tool Web Interface (MRTWeb)

USGS MODIS Reprojection Tool Web Interface (MRTWeb)

I Logiin with your REVERB/ECHO account
Username: |
Password: |
Sign in Clzar

Can't log in? Create an account

SYSTEM MOTICE: 04/05/2012 - Due to recent changes implemented by hoills, Firefox users must use st lszst Jave Version 6 Update 31
fected,

{0r J2va 7 Update 3] to access MATWeb. Details about this change can be found here. Whilk other

USGS Home L
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updating Java is encouraged. Windows and Linux users may download Java from [ava.com. Mac users please sée agple.com.

FOIA Privacy Policies and Notices

SPI grid tile

--------
.......
------
------
........
----------

.............

-------------------
---------------------

....................

...............
---------------
.............
..........
--------
-------
.......
-------
-----
.....

>z

searchUSGS [N B B R R R N AR R

Download Data
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Quick Links

IMD provides
daily rainfall
data of >100
years for many
stations from
archives. Daily
girded rainfall
data for 1901-
2007 for 1384
stations used by
Rajeevan et al
2008). Girded
rainfall data on
regular grid of
19 x 10 was
used to
calculate SPI .
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Methodology for Vulnerability Analysis using NDVI

Pre processing

NDVI Images (1982 - 2012)

"

Year wise stacking & preprocessing (Scale factor, cloud
screening, interpolation for missing data)

Daily Rainfall data
v

v

Conversion to monthly rainfall using

Use of Savitzky-Golay filter for smoothening time-series data

Weather Cock v1.0 *

v

v

Process

Masking water pixel ,forests , snow cover, salt pan, built-up

Deriving monthly SPI value using
adapted SPI Tool * *

Result

area
7 v
] SPI Classes
Calculating Annual Max. NDVI > 2(Extremely wet) ;1.5 to 1.9 ( Very wet);
v 1.0 to 1.49 (Moderately wet) ;-0.99 to 0.99
v v (Near normal) ;-1.0 to -1.49 (Moderately dry) 3’
Mean Max. NDVI SD of Max. NDVI -1.5 to -1.99 (Severely dry); -2.0 <(Extremely
dry)
v !
CV of Max. NDVI
v Mapping SPI using Kriging
CV Max NDVI (%)

< 10 — Marginal

10 — 20 - Moderate

> 20 — Severe

*AICRPAM-CRIDA,2011
**McKee et al., 1993

v

Correlating NDVI & SPI for assessing
Agricultural Vulnerability




Irrigated & Rainfed districts in India
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Dept. of Stat. & DOA (GOI,2001 -2007)
Report of Hanumantha Rao Tech.Committee (1994,2001)

DPAP classification of districts in India)

DOA classifies rainfed district as one that has <30% net sown area
under irrigation (Hanumantha Rao committee’s report on DDP,




Shavariarpettai, Ramanathapuram, Tamilnadu Feb. 2013
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Temporal Variations in AVHRR-NDVI (1982 — 2006)

1982




Temporal variations in MODIS-NDVI (2001-2011)




District-level Vulnerability based on CV Max NDVI of AVHRR data
(1982-2006)
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Dataset : AVHRR - NDVI (8km) Product
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Climate type (Avg SPI 1982-2011)

E Moderately dry
l:l Moderately wet
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Drought Occurrence based on SPI

All - India Frequency of Drought Occurrence (1982-2011)

infall pattern based on
SPI (1982 -2012)
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Drought in Ramanathapuram, Tamilnadu, Feb 2012







Methodology for Estimating LGP using NDVI

Year -wise stacked NDVI Individual AESR shape file
Images (1982 — 2006)

derived from Mean of 3 normal years
(1986,1991,1999)

Pre processing

A 4

If pixel value of each Kharif/Rabi NDVI image > threshold then pixel value
=1 otherwise 0

v
Kharif/Rabi Images stacked and segregated with pixel values 0/1

:

w Stack Sum of Kharif/Rabi15/16-day composite image

—
Analysis

e 1 Multiply Kharif / Rabi LGP with 15/16 to convert pixel values into days

v
Kharif / Rabi LGP in days

Result
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Temporal variation in Kharif & Rabi LGP based on AVHRR (1982-2006)

Kharif - 1982 Rabi - 1982

No of Days
281
e No of Days L Jo-60 .
202, 202 .
92 [ o-60 e~ 60-90 361
20.2 202
— : I 0 120 .
B <o 120 oy ) 4% B 20- 135 oy
' Mask 2hy1 [ Mask 21
*Masked-=E F t,Decid F t,Si C d,R f Kutch
*Masked->Evergreen Forest,Deciduous Forest,Snow Cowvered,Rann of Kutch, Bzﬁl:p Are;ergreen Sreshmerictions Toresimnow overee Tann oT e
Builtup Area

« Variability in LGP was high in regions with <60 days & in areas with 120-150 days of LGP.
« Variations was least in zones having 90-120 days LGP.

- Pixel resolution affected identification of Start - of - Season & End- of — Season of LGP. (AVHRR
indicated 135 days of LGP while MODIS indicated 160 days of LGP based on NDVI .




Temporal variations in Kharif & RabiLGP based on MODIS (2001-2012)

Kharif - 2001
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202 202 l:l 60 - 90 202 202 l:l 60 -90
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£ ] &
| S Bl 120160 e B 20124 %
I:l Masked I:l Masked
*Masked->Evergreen Forest,Deciduous Forest,Snow Covered Rann of Kutch, *Masked->Evergreen Forest,Deciduous Forest, Snow Covered,Rann of Kutch,
Builtup Area Builtup Area

- Observed that during Kharif AESR 4.3 region covering Ganga —Yamuna Doab in central UP
j experienced increase in LGP from 100 to 140 days.

) Similarly AESR 4.4 (Central India Plateau), 8.2 (Central Karnataka), 8.3(TN Uplands), 13.1 (Northern
\ Bihar), 16.3 (Aruanchal Pradesh) experienced increase in LGP from 90 to 120 days.

» Decline in NDVI during 1982-2000 with an increase during 2001-2010.

* Reduction in LGP Green-up phase during Rabi season was significant.




Estimation of Extent of Agricultural Vulnerability in India




Extent of Agricultural Vulnerability in India

India India

Agricultural Vulnerability based on NDVI Variability Agricultural Vulnerability based on NDVI Variability

>z
>z

1:15,000,000 1:15,000,000

CV Max NDVI (%); A Mha) CV Max NDVI (%): Area (M ha)
lax %); Area a
e—— ( : = 10-20; (38.9)
[ T1020; (2487) ™ 2030, (5.68)
B 030, (403 . = 30-40; (1.45) ;
Bl 00 <) K m 40-50; (0.21) ¢
[T AEsRNo. & Water body

2 Snow -clad mountain

Snow- clad mountains [ District boundary e

| Author:  NICRA-CRIDA Author:NICRA-CRIDA
Source: Global Inventory Modeling & Mapping Studies (GIMMS) NOAA-AVHRR (8-km) NDVI Bimonthly (1982-2006) Product Source(1): MODIS 250 m 16days NDVI Composite Product From LP DAAC,USGS

L—\ + Study indicates that over 47 mha of Net Sown Area was vulnerable to Climate Change (MODIS-
TERRA). NOAA-AVHRR indicated 29 mha as vulnerable to it. This translates to 20.4 to 33.1% of
Net Sown Area in the country as under risk.
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Basis for Typology of Agriculturally Vulnerability

« Based on actual area under agriculture in each vulnerable district
« Based on bio-climate of the district (Thornthwaite Moisture Index)
« Based on normal LGP estimated based on Water Balance (FAO, 1981)

| « Based on LGP derived from NDVI estimated from AVHRR and MODIS
time-series datasets

W « Based on major cropping systems across vulnerable districts




Typology based on agriculture
vulnerability

0 125 260 500

Area under Agriculture (%)

[Jindia ;
|:| State ’
25-50 )
. 50-75 ¢
. 75
Not Applicable "

Author: GIS-CRIDA-NICRA

« Of the 122 vulnerable districts, 10 had <50 %
area under agriculture, 57 had 50-75 % and 55
had >75 % area under agriculture indicating
relative importance in district economy.

Typology based on prevalent bio-
climate in the region

Vulnerability based on Bio-climate N

Types of Bio-climate
[india
|:| State

Arid
7] Semi-arid .
|| Hot dry sub -humid ¢
I Hot moist sub - humid

Not Applicable

Author: GIS-CRIDA-NICRA

* 30 vulnerable districts located in arid region, 80
districts in semi-arid, 10 in hot dry sub-humid & 2 in
hot moist sub- humid bio-climate (MI).
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Typology based on LGP

LGP based on AVHRR NDVI A

LGP (No of days)

I:] India .
|:| State * z
40-80 .

I 80-140 4
I 140-180
Not Applicable \“
3

Author: GIS-CRIDA-NICRA
Data Source: (1) GIMMS NOAA-AVHRR (8-km, 15 days) NDVI Product (1982-2006); (2) NBSS&LUP 1999

India
Normal LGP

1:15,000,000

Normal LGP

Jindia
L] State

<60
___160-80 §
1 90-120 .

120-150 ]

I 150-180

I 180-210 3
Not Applicable ”‘\

Author: GIS-CRIDA-NICRA
Data Source: NBSSSLUP 1999

* LGP derived based on AVHRR-NDVI
indicated decrease in length. 7
districts experienced LGP of 40-80
days, 99 districts 80-140 days & 16
districts had 140-180 days LGP.

Based on FAO water
balance model vulnerable
districts identified in India
could be grouped under six
classes. 6 districts were
under LGP category <60
days; 23 in semi-arid
region under 60-90; 34 in
90-120 days; 46 under
120-150 days; in 11 in 150-
180 days & LGP class of
180-210 days was
prevalent in 2 districts.

LGP based on MODIS NDVI

>z

LGP (No.of days)

[Jindia ,
I:] State
50-100 )
100150 . ¢
- 150-180
Not Applicable 4
v
Y

Author: GIS-CRIDA-NICRA
Data Source: ()MODIS 250 m NDVI Composite Product from LP DAACUSGS(2001-2012); (2) NBSS&LUP 1999

+MODIS NDVI dataset indicated 5
districts under 50-100 days LGP
category, 103 under 100-150 days &
14 under 150-180 days LGP.
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Cropping Systems and Livestock in Vulnerable districts

India
Cropping System Vulnerable to Climate Change
e

N

1:16,000,000

- &
Cropping System - Cereals-Fingermillet | ‘ Pulses-Chickpea }a
Oilseeds-Castor I cereals-Maize Pulses-Greengram
Oilseeds-Groundnut [l Cereals-Paddy [ ] pulses-Redgram Jnda
l:l Oilseeds-Mustard | | Cereals-Pearimillet j Cash crops-Clusterbean l:l State
Oilseeds-Soybean Cereals-Sorghum - Cash crops-Cotton Not Applicable
I_I Oilseeds-Sunflower - Cereals-Wheat

Author: GIS-CRIDA-NICRA

Cash crops-Sugarcane

India
Livestock in Vulnerable Districts

1:15,000,000

Livestock

[Jindia
[ state §
I Buffaloes g‘ .
Cow
| Goat ¢
I Poultry .
Sheep o
Not Applicable 13

Author: GIS-CRIDA-NICRA

Predominant cropping systems viz., cereals-,
oilseeds-,pulses-, cash crop were analyzed for
developing typology to identify vulnerable
crops due to decrease in LGP. 35 oilseed-based,
66 cereal-based, 6 pulses and 15 cash crop
based districts were vulnerable to decrease in
LGP.

16 districts had predominantly buffalo
population, 51 milch cattle, 3 with poultry, &
36 with small ruminants; rest had mixed
livestock.




Typology of Agricultural Vulnerability in India
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Composite Typology of Agricultural Vulnerability in India

India
Typology of Agricultural Vulnerability

59

1:15,000,000

- =

Agro - climate  Agricultural Livestock Cropping system %

[ JArid area (%) 7277 Small ruminants \\ Cash crops
[ | semi-arid == 50 7 Cattle W\ Cereals

[ ISub-humid ==>50 ./, poyitry S Oilseeds
[Jindia [state | Not Applicable N\ pylses

Author: GIS-CRIDA-NICRA

India
Change in LGP in Vulnerable Districts

1:15,000,000

Bio - climate MODIS (NDVI) AVHRR (NDVI) ) )
Arid 7/ / Decrease "\ Decrease L] India

I semi-arid /7 Increase A\ Increase D State

[ Sub-humid 7/ Normal AN\Y Normal

Author: GIS-CRIDA-NICRA

Data Source: NBSS&LUP 1999

Typology of composite vulnerability of
districts based on bio-climate, cropping
system, livestock & area under agriculture

LGP derived from MODIS & AVHRR were
compared




Typology of Agricultural Vulnerability based on LGP variability

Vulnerable districts with same LGP

Vulnerable districts with increasing LGP

e Vulnerable districts with decreasing LGP
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Agriculture area (%)
1

i 1) 80

hor: GIS-CRIDA-NICRA T A GIS-CRIDA-NICRA

e Producs fro USGS(2001-2012); (XNBSS&LUP 1999 MODIS 250 m NDVI Composite Product from LF DAAC.USGS(2001-3012); (2F NBSS&LUP 1990

* 80 districts with >50% Net Sown Area (NSA) . 31 districts with >50% NSA indicated

- . B - - - . istri i 0, indi
indicated decrease in LGP (6 in arid, 70 in semi- i, rease in LGP (23 in arid & 8 in semi-arid), 11 districts with >50% NSA indicated no

change in LGP (1 in arid, 2 in semi-arid & 8 in

arid & 4 in sub-humid), accounting for 0.83 mha accounting for 0.64 mha under pearl millet, sub-humid)
under paddy, 0.26 mha under cotton & ,isesand groundnut. :
sugarcane & 0.48 mha under oilseeds . India

India Variations in Lower-limit of LGP based on NDVI
Variations in Upper-limit of LGP based on NDVI
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N
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Variation in LGP based on AVHRR and MODIS

et =
State Stat
<60 <60
= 1 o f
] 90-120 : . %0 R
T Shn e =
&y N 180-210 S [ 180-210
L— Legend NotApplicable - o i Not Applicable
Similar AVHRR (Upper limit) MODIslUppIIIImIth AVHRR (Lower limit) MODIS (Lower limit) ©
I oissimilar EY = Loy (T1T] Decrease B iy
. Y T s e Nl T inoresse o R o0 == Morman 11T Normat
\ — AVHRR NDVI dataset indicated decrease in upper- Change in lower-limit of LGP based on
- MODIS & AVHRR datasets indicated limit of LGP 44 districts, increase in 70 districts & AVHRR- NDVI indicated decrease in 92,
similar trend in 68 districts in semi-arid no change in 8 districts. MODIS NDVI indicated increase in 28 , & no change in 2 districts.
& arid regions. 54 districts had decrease in 4, increase in 65 & same in 53 MODIS-NDVI indicated a decline in 53,

dissimilar trend. districts increase in 60 districts& no changein 9.




Conclusions

*NOAA — AVHRR (8km, 15 days) time- series NDVI composite data (1981-2006) was
found suitable for state/ AESR —level study. TERRA-MODIS (250m 16-day) NDVI
composite was suitable for district -level study, although available since 2000.

*To extend district-level analysis, AVHRR (1-km ) resolution data required. This would
involve study of 56,917 scenes to cover whole of India from 1982 till 2012.

Study helped to estimate extent of agricultural vulnerability in India. Over 74 mha in
26 AESR in 12 states in India would be adversely affected by climate change which
would require strategies for risk management & crop contingency planning in rainfed
areas.

«122 districts in 12 states including 10 districts with <50% net sown area and 112
with >50% net sown area would be affected by climate change.

» There was a difference in extent of vulnerable region identified using AVHRR (8km,
15 days) and MODIS (250m, 16 days) NDVI composite data products. While AVHRR
indicated 29mha NSA, MODIS indicated 47mha NSA as vulnerable. Difference was
essentially due to variation in ground resolution of both datasets.

» Methodology was developed to derive LGP from NDVI datasets. Threshold Value
(TV) for Start of Season (SOS) & End Of Season(EOS) were derived for each AESR
based on NDVI of three normal years.




Study of LGP variations indicated a decline in moist semi-arid Gangetic
Plains, sub-humid Central India, southern Plateau and Coastal region
that forms an important agricultural region. While LGP derived from
AVHRR and MODIS datasets were similar, it varied in case of arid
ecosystems in Rajasthan and Gujarat.

Cropping systems based on paddy, maize, soybean and cotton faced
climate hazard while ecosystems with large buffalos and cattle
population could face fodder shortage. Land use in typical vulnerable
district was analysed to identify strategies for improving adaptive
capacity of farmer.

Trend in SPI indicated a decline in rainfall in large parts in India.
Decline in NDVI was seen during first 2 decades with an increase in

previous decade. Study of NDVI variations in snow-clad Himalayas was
not undertaken.
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