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"When the balloon bursts, untold anarchy will be the lot of
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Motivation: The Indian Monsoon

India Monsoon Disappoints, Millions
Of Farmers Pray For Rain

By BISVWAJEET BANER.EE AP Late monsoon forces rural India to
cut down expenses

Late mOHSOOD Stal’ts Indian farmer'S ET Burau Jul 24, 2014, 04.004M IST

n: n
journey to hell Depleting water reservoirs need rains
BY RATHALYOTI DUTTA to prevent crop loss: Government

Reuters Jul 22, 2014, 05 2TFPM IST

Monsoon blues

India's economy Drought threatens India's farms and its economy

Waiting for the monsoon 22042009 | From the print edition

Scanty Rainfall Triggers Drought Fear

By Express Mews Serdce | Published: 17th July 2014 08:35 AM  Last Updated: 17th July 2014 08:35 AM
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Motivation: Future Monsoon Precipitation is Uncertain
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Motivation: 6 2 F 1 SNJ 2y 5 S Y| y Rxepletion

A Groundwater depletion a global problem
(Konikowand Kendy 2005, Wada et al 2010)

A BUT India world's largest consumer and the country

probably most vulnerable to this threat
(World Bank, 1998; Shah, 208ekhrj 2011)

Groundwater
depletion (mm yr™)
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0

SourceAeschbackHertigand GleesonNature, 2012 6




Motivation Research Question Methods Results

Motivation: Policy Implications

xt 2f AO@ AYLIX AOFGA2Yya FT2N T

electricity:
A V Electricity subsidies>V rate of groundwater extraction
(Badianiand Jessoe2013)

A At the same time? groundwater tables>?8 food production ! poverty
(Sekhrj 2012;Sekhrj 2013)
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Motivation: Policy Implications

xt 2f AO@ AYLIX AOFGA2Yya FT2N T
electricity:

A V Electricity subsidies>V rate of groundwater extraction
(Badianiand Jessoe2013)

A At the same time? groundwater tables>?8 food production ! poverty
(Sekhrj 2012;Sekhrj 2013)

x Nonrenewable groundwater/ fossil groundwater
Extraction in excess oécharge
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Methods: Conceptuaframework
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Methods: Conceptual framework
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Research Question

Q1:How will climate change affect the demand for
non-renewable/ unsustainable groundwater (UGW)?

Q2:What would the agricultural impact be if
groundwater abstractions were reduced to sustainable
levels?

Q3:Can interbasin water transfers (NRLP) alleviate
groundwater stress?
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Methods: Multidisciplinary Approach

Step 1

Econometric Model

Identifying sensitivity of
irrigated area to
weather changes

Eg)(l)th]pl\ljltOdel Step 2 Results

Projections of Crop n !'yadaidl Ayl o
irrigated area by Mined
season

Climate Inputs

Water Model
Input

Water Balance

Model
®  Hydrology model to
represent spatial and
temporal water cycle 12

Step 3
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Methods: Step 1

|dentification comes from the exogenous variability in the weather:
1 1'a
P aER nh éd@ke 7 ¢ Q000
fae0R g " _ 0 T

- districtq, statei, years pwyxmnmnv

*ICRISAT, Ministries of Agricultu8&8Nater Resources, Central Groundwater Board of India
*APHRODITE
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Methods: Step 1

|dentification comes from the exogenous variability in the weather:
1 T'a
P aER nh éd@ke 7 ¢ Q000
fae0R g " _ 0 T

- districtq, statei, years pwyxmnmnv

‘O DCrop irrigated area for 6 crops:
rice, wheat, sorghum, barley, maize, cotton
‘ , ' \ J

|

Main foodgrains
production: 30%, 35%
value - 40%, 19% Coarsdoodgrains
production: 2%, 5%, 6%
value . 2%, 3%, 5% Cash crop
production: 8%
value :12% 14
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Methods: Step 1

|dentification comes from the exogenous variability in the weather:
1 T'a
P aER nh éd@ke 7 ¢ Q000
fae0R g " _ 0 T

- districtq, statei, years pwyxmnmnv

‘O DCrop irrigated area for 6 crops:
rice, wheat, sorghum, barley, maize, cotton
‘ , ' \ J

|

Main foodgrains
production: 30%, 35%

value - 40%, 19% Coarsdoodgrains
- duction: 2%, 5%, 6% v
- zero observations pro 97,
value . 2%, 3%, 5% Cash crop

- nonlinear corner solution -
: production: 8%
- Tobit value :12% 15
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Methods: Step 1

|dentification comes from the exogenous variability in the weather:
1 1'a
P & ECR nh ¢4k, 7 a ¢ QO
fae0R g " _ 0 T

- districtq, statei, years pwyxmnmnv

‘O DCrop irrigated area for 6 crops (rice, wheat, sorghum, maize, barley, cott

4 m ¢No. of rainy days: Precipitation > 0.1ngRishman, 2012)
Total precipitation : Monsoon rainfall from June to September

GDD : Growing degree dags O Y | (Schlenkeet al., 2006)
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Methods: Step 1

|dentification comes from the exogenous variability in the weather:

i@
P & ECR nh ¢4k, 7 a ¢ QO
[ O E0Q " _ 0 T j

- districtq, statei, years pwyxmnmnv

A Controls:
- Lag dependent
- Previous 5raverage crop ared; E0Q

- District fixed effects”( ) , year fixed effects (), state
specific time trendsq )

A Conley corrected standard errors (OLS), cluster standard errors
at the district level (Tobit)
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Methods: Step 1

Estimating N n 0] (Summary of Results):

X Precipitation plays a larger role than GDD in driving changes
In irrigated area.

x Crop irrigated area increases, with increasing dry spells ( or
decrease in no. of rainy days)

x Crop irrigated area can either rise or fall in response to
Increases in total monsoon rainfall
A Varies by season
A +verelationship in dry season
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Methods: Step 2

x 5 GCMs that come closest to describing the monsoon phenomenon well :
NorESMIM, GFDIESM2M, MIROESMCHEM, GFBEM3, CCSM4

(Menon et al.2013)
X Strongest warming scenario (RCP 8.5)

1 iy i + Future climate projections up to 2050
-> projections of crop irrigated area

70 B Dry season
Wet season

(0]
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million ha
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Methods: Step 3

Results

x 5 GCMs that come closest to describing the monsoon phenomenon well :
NorESMIM, GFDIESM2M, MIROESMCHEM, GFBEM3, CCSM4

(Menon et al., 2013)
x  Strongest warming scenario (RCP 8.5)

Water balance model estimates :
total irrigation water demandB w'O  and trackssupply of water (w "Y:

B wO w0
Water Supply Rank

w"Y

Precipitation Evapotranspiration Evapotranspiration

| Irrigation w

[ Incoming

discharge

outgoing
discharge

Mined Groundwater
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Results: Demand for UGW

Q1:How will climate change affect the demand for unsustainable groundwatel

z Y between 19792000 & 202950

* Groundwater levels (GWL)
inferred from change in UGW
_ needed to meet irrigation

1 Decreased rate of GWL declines water needs

B Same rate of GWL declines
I Increased rate of GWL declines

GWL decline begins in the future . ..
E GWL recn:-‘-.fers.-’ggays stattic l ReSUItS fI’Om 5 |nd|V|dual

0 < 10% of national UGW demand GCMS
/1 No UGW demand
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Results: Policy (Unmet Demand and Food Security)

Q2:What would the agricultural impact be if UGW was absent?

Volume of Unmet Irrigation Water Demand

600

1970 1990 2010 2030 2050

Unmet Irrigation Water Demand (km?3)

Year

Future multtmodel mean (solid line) and range (shaded) are
based on 5 GCM climate futures, with uncertainty due to
differences in GCM projections.
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Results: Policy (Unmet Demand and Food Security)

Q2:What would the agricultural impact be if UGW was absent?

Volume of Unmet Irrigation Water Demand Crop Production Loss
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Results: Policy (Unmet Demand and Food Security)

Q2:What would the agricultural impact be if UGW was absent?

Crop Production Loss

Current (c. 2000) agricultural production: {
the caloric intake of 173 million people
MM LYRALFQ& LJ2LJddz | G A

upon UGW. N
173 million is 50% of total U.S. population (/

Million Tons
B |
00 02 04 06 08 10 12 14 16 1.8
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Results: Policy (National River Linking Project)

Z S,
: )
NRLP Plan {’ -
A 37 river links (canals) S ]
A 15,000 km canals o s,

A 174 billion cubic meters of water transferred /¢
annually

Goals
A Supply water for 35 million ha cropland
A 35 GW hydropower

$120 billion USD

A
o
'.'\

Source: National Water
INDIAN OCEAN Development Authority
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Results: Policy (National River Linking Project)

A On September 16, 2015 the

first of the proposed links was
launched

l

i The Indian EXPRESS
Andhra Pradesh interlinks mighty
Godavari and Krishna rivers

"It is a historic moment. Godavari and Krishna rivers are interlinked now,” AP Irrigation
Devineni Umamaheshwara Rao said.

Written by Sreenivas Janyala | Hyderabad | Updated: September 9, 2015 5:31 pm

LA )
.:\

Source: National Water
INDIAN OCEAN Development Authority
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Results: Policy (National River Linking Project)

Q3:Can the NRLP alleviate groundwater stress?

2041-2050 2041-2050
UGW without UGW with
Inter-Basin Transfers Inter-Basin Transfers
Only NRLP canals NRLP canals + New reservoirs

UGW (cubic km / year) UGW alleviated (%)
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