Challenges and Opportunities in Agricultural
Drought Management
Alok K Sikka
International Water Management Institute
IWMI Representative-India, New Delhi

Drought: A Serious Water Related Risk
• Droughts and floods are the two extremes of hydrology
• Drought has different connotations for different people
• A creeping type disaster that severely impacts agriculture, economy & society
• Leads to hardships, misery, loss of livelihoods and migration
• Drought affects are more pronounced and long lasting
• Increasing incidence of droughts and climate change
• Address Agenda for SDGs and Sendai Framework for DRR
• Need to move beyond monitoring to risk management and preparedness

Global
•84 percent of the damage and losses
caused by droughts is to the agriculture
sector [FAO]

•For 67 countries in developing countries in
Africa, Asia and the Pacific, and Latin
America and the Caribbean between 2003
and 2013.

•Sub-Saharan African countries suffered
about USD 31 billion in crop and livestock
production losses (1991-2003)
•From 2003–2012, 15 major droughts
affected nearly 36.5 million people
worldwide;
•In Asia and the Pacific, drought affected
1.62 billion people between 1970 and 2014,
and was associated with about USD53
billion in economic losses (UNESCAP, 2015).
Risk: Combining hazard, exposure and vulnerability
(Carrão et al., 2016)

Drought and Water Scarcity in South Asia
• South Asia is challenged with food and water security due to growing
populations, incomes, and changing life styles;
• With just 3% of the World’s land and about 5% of the World’s annual
renewable water resources, SA has a daunting task of supporting 1/4th of
the World’s population;
• South Asian agriculture is more vulnerable to climate change due to low
adaptive capacity;
• India is most affected by droughts in SA,
especially in terms of the number of people it
affects, followed by parts of Pakistan, dry areas of
Sri Lanka, and some areas of Afghanistan and
Nepal;
• Impacts of droughts have now become more
severe in terms of drinking water and fodder.

Recent Drought Events in South Asia
Region

Scale and Depth of Social Impacts

Afghanistan: 1997-2002
disastrous because of long
duration and large areas
affected

Drinking water crisis;
Shallow wells dried up;
Loss of cattle; crash in cattle prices; bonded labor and early
marriage of girls

Baluchistan and Sind
1997-2001

Received 50% of the normal precipitation over a 5 year period;
2.5 m livestock lost; livestock prices crashed due to distress sale;
national GDP growth rate hit; hydro-power got hit hard;

Rajasthan 2002

‘water famines’ than ‘food famines’ . 27001 tankers and 102009
railway wagons were deployed to supply drinking water to 10530
villages and 74 towns.

India 2002
India 2009, 20014, 20015

One of the worst in 100 years; 300 m people and 150 m livestock
affected, and drinking water
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Increased Incidence & Severity of Droughts
Rainfall departure
from normal-India

Dry reservoir/tank beds

Year

RF Deficit
(Production
loss)
(%)

2002

-19 (-15.40)

2009

-23 (-4.12)

2014

-12 (-3.25)

2015

-14 (-2.35)

Increased
frequency in
last decade

Drought Incidence (%) in India
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A ‘Creeping’ disaster,
largely localised

Hydrological
drought
Agricultural
drought

A normal, recurring
climate phenomenon
varying in space-timeintensity

Socioeconomic
Drought

A significant deficiency
in rainfall leads to
drought

Meteorological
Drought

Understanding the Drought
• Precipitation
deficiency
• High Temperature,
Winds, Sunshine
• Drying of water bodies
• Reduced stream flow
• Depleting
groundwater
• Soil water deficiency
• Increased ET
• Plant Water Stress
• Reduced supply of
economic goods due
to weather
variability/ water
scarcity

Economic Impacts
• Increase in food prices
• Loss to dairy, livestock
• Damage to fish habitat
• Loss of hydro power

Social Impacts
• Food deficit, suicides
• Water user conflicts
• Political conflicts
• Increased poverty

Environ. Impacts
•
•
•
•

Desertification
Severity of fires
Damage to plants
Diseases

South Asia Drought Monitoring System (SA-DMS)
http://dms.iwmi.org/

Field observations in Jalna, Maharashtra,
2015 drought
WDRM sub-theme
•
•
•
•

First of its kind to establish for entire South Asia using multisource remote sensing observations;
Historical drought risk mapping and assessment covering SA countries (2000 – Current);
IDSI allows better understanding on drought frequency, duration over the 15years;
Products are useful tools in drought mitigation studies and in decision-making process;

Agriculture Drought Monitoring for Tamil Nadu, Rabi season (2016 –17)
§ The districts of Salem,
Namakkal, Tirucherapalli,
Ramanathapuram, Kurur
and Thoothukudi are
under severe to extreme
drought category;
§ Dindigul,
Thiruvarur,
Southern parts of Erode
and eastern parts of
Cuddalore
show
moderate
drought
condition
§ A total area of about 35
lakh ha suffered from
extreme to moderate
drought condition
Uptake: Provided to MoWR, Govt. of India on their request and it
was presented in the Drought Meeting convened by Cabinet
Secretary

Current Drought Management Strategies
• Proactive and Reactive
• Proactive measures taken before the initiation of a drought event to reduce the
vulnerability to drought or improve drought preparedness.
• Established before impacts of drought are observed (anticipatory) to lower the
risk of damage. Address preparedness and risk reduction.

• Reactive measures taken after the start of a drought.

• Take place after impacts of drought have been observed. Addresses crisis
management.

From Crisis Management to Risk Management
• Traditional approach to drought management is reactive, ad-hoc and
response is poorly coordinated and targeted
• Increased realization to shift from crisis management to Risk Management
through drought proofing measures
• Advance planning to improve operational capabilities (climate and water
supply monitoring, building resilience and institutional capacity),
preparedness and mitigation to reduce future impacts.
• Drought Management Plans consisting of monitoring and early warning, long
and medium term mitigation and response measures including supply
augmentation and demand management to lessen the need for ad-hoc
interventions.

Drought Impacts in Low Resilience Societies
Third Order Impacts:
Economy-wide Impacts

drinking water
shortages;

Decline in employment;

Long term livelihoods and
earning capacity of
affected households;

Crash in livestock prices, esp.
of cows, sheep and bullocks;

2-3% decline in GDP
growth rate;

distress sale of assets incl.
land;

Decline in industrial
growth rate;

Migration for water, fodder,
food and work;

Rise in crime;

dry ponds, lakes, river
beds and wells;
decline in cropped
area and yields;
livestock loss by
starvation and
distress sale

Rise in food prices;

distress marriage of girl
children
Duration of drought

Severity

First Order Impacts: Second Order Impacts:
Poor Agrarian
Agrarian Communities
Households

Forced urbanization;
Diversion of resources to
relief

Water Storage and Drought Resilience in South Asia
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Water Storage & Drought Resilience
Storage Structure

Pre-monsoon Storage

Totally rainfed with only soil moisture storage

zero

Small tanks, reservoirs & RWH structures

zero or insignificant

Hard-rock GW BAU

Some for supplemental use

Hard-rock GW with DM and MAR

Enough for supplemental use

Groundwater aquifers are
Monsoon-based Run-of-the-river systems
low-flow
or drybuffer
traditionally the most
reliable
Snow-melt based R-o-R and Reservoirs
good
storages.
Using groundwater for droughtLarge dam-based irrigation systems
dead storage+ drinking water
preparedness
requires
reserve kings dug
That is why in droughts,
reservoirs (food-for-work)
Dams with multi-year storage
One year’s storage
Efficient groundwater
And farmers
dug wells
Alluvial aquifer- Fresh Groundwater BAU development and
Plentiful
storage at pre-monsoon
management
(to get water
for
crops).
depth
supported with
rain water
harvesting
and
groundwater
Alluvial aquifer- Marginal quality Groundwater
BAU
Plentiful
saline water for blending
In India and parts of SA well-digging
recharge
activity
always
peaked
during
droughts;
Alluvial Groundwater with DM and MAR
Plentiful
at easily
accessible depth
they do so even now.

Medium and Long Term Strategy
LT-Supply Augmentation Measures
•Large scale implementation of water
harvesting
and
holistic
watershed
management
•Investment for water storages in drought
prone areas:
ØNetworking of reservoirs, lakes, rivers,
other water bodies,
ØEnhanced ground water recharge,
ØGround water banking during non-drought
years,
ØConjunctive use of rain, canal and ground
water,
ØMicro irrigation and other water saving
interventions.

Watershed Management - A Proven Instrument for Drought
Management
Participatory Integrated Watershed Management, an important concept
for integrating AWM, Farming systems and institutions for CSA

India’s Comprehensive assessment shows:
§ Enhancement in rural income by 58%
§ Increased agricultural productivity by
35%
§ Additional environmental & social
benefits

Loose rock check dam

Farm diversification by a
marginal farmer

RKVY Pond with lining by
farmer’s own resources

Brought out difference in
enhanced water availability,
fodder and drinking water
during 2012 -13 drought

Rain Water
harvesting dam

Luxurious growth of fodder grass in
community land

Kadwanchi Watershed
Jalna, Maharastra

Long Term: Supply Augmentation
Measures
•Improved conveyance networks including piped
system
•Reuse of wastewater
•Inter-basin and intra-basin water transfers
•Construction of new reservoirs and farm ponds
•Restoration/modernization of existing
reservoirs/canal systems
•Desalination of brackish or saline waters wherever
feasible
•Control of seepage and evaporation losses
•Integrated River Basin Management/ IWRM •Management of fringe forest areas for
water and fodder availability.
•Management.
•Horticulture and Agri-horti-based systems. •Perennial and Non-conventional Fodder.
•Improved
Health

Live-stocking,

Breeding

and

Irrigation
Efficient canal fed pressurised irrigation

•
•
•
•
•

Rescheduling of the irrigation rosters
Canal efficiency
Water saving of 45-50% in canal fed
pressurized irrigation system
Deficit irrigation
Desilting of tanks, ponds, conveyance
network etc through convergence

Water released from Kutni dam to feeder canal
in chattarpur, Last mile coverage

Water Related Risks & Community Based
Resilience Building
Large number of Check dams built by
community, with government support

Water Related Risks & Community Based Resilience
http://utfi.iwmi.org

After

Before

• Underground Taming of Flood for Irrigation (UTFI) has
demonstrated that community-owned assets can be
converted into recharge structures that are effective in
achieving both flood mitigation and enhanced
groundwater availability
• Resilient community
• Community participation for site maintenance

From one pond,
over 60,000 m3 of
floodwater stored
underground in
2017. Thousands of
such ponds are
underutilized across
the region

Long Term: Demand Reduction
Measures
•

Economic incentives for water saving

•

Water budget based crop and water use
planning

•

Evolve drought tolerant and water efficient
cultivars

•

Dry crops in place of irrigated crops

•

Land use regulation and diversification to
minimize water use

•

Conservation agriculture

•

Dual distribution network for urban use

•

Water recycling in industries

Key Interventions for Agricultural Drought
Management

Smart Drought Management Interventions
• Building resilience by enhancing
storage (in situ, surface and
groundwater)
• Improving irrigation efficiency and
water productivity
• Laser land leveling, zero-tillage &
conservation agriculture
• Conjunctive use of good and poor
quality GW / wastewater
• Crop diversification

DSR
BBF

CA

• Integrated farming systems

25

Livestock Strategy
• Livestock is most resilient or robust livelihood for
adapting to drought.
• Animals can be out migrated, fed on stored fodder or
can be liquidated under most adverse conditions.
• Arrangements for quality fodder and feed from local
and nearby sources.
• Partially damaged wheat grain may be diverted for
feeding to save the productive animals.
• Possibility of feeding tree leaves after lopping and
grazing of grasses in forest areas in consultation with
Forest Departments.
• Vegetable/fruit wastes may be collected from the
market yards and fruit processing units.
• Animal camps be organized near water bodies.
• Organizing regular health camps.

Feed Blocks

District Level Contingency Plans
Completed
Over 600 Plans

Plans cover measures for:
Ø Drought due to delay in onset of
monsoon
Ø Breaks in monsoon progress leading
to early, mid and late-season
droughts
Ø Floods, Unseasonal rains
Ø Extreme weather events: heat wave,
cold wave, frost, hailstorm and cyclone

• ICAR-CRIDA in collaboration with
SAUs & KVKs

Integrating Advances in RS, GIS, Modeling and Mobile
Telephony
•

Advancement in Remote Sensing (RS) has improved timely, accurate and
synoptic coverage of crops and also assessing crop vigour.

•

Crop simulation models (CSM) that have been successful in field-scale
applications are being adapted in a GIS framework to model and monitor
crop growth with RS inputs.

•

An integration of technologies, viz., crop simulation models, RS, GIS, GPS
and mobile telephone-enabled services provide an excellent opportunity
for monitoring and management of drought.

Institutional Framework for Drought ManagementIndia

Source: Manual for Drought Management, DAC, 2009

Drought preparedness and mitigation structure

Summary of Country Responses

Global Water Partnership – South Asia (GWP-SAS) Summary Report: Need Assessment Survey on the
Development of a South Asian Drought Monitoring System

Way Ahead
• Drought monitoring and Early warning system to provide more lead time for
mobilizing management actions
• Shift from crisis management to preparedness and risk management
• Investments in medium/long term assets for preparedness and drought
mitigation
• Groundwater demand management and MAR as aquifers are the best bufferagainst-drought
• Building resilience through combination of supply augmentation and demand
management
• RS in drought monitoring, vulnerability assessment and management plans
• ICT applications for near real time local level agro-advisories
• Stress tolerant cultivars and farming systems models
• Promote alternate agriculture enterprises in drought prone areas
• Safety net and agriculture insurance cover
• Mainstreaming drought resilience into national development programs
• Inter-ministerial coordination and convergence of resources
• Regional cooperation for drought management

Thank you!

Email - a.sikka@cgiar.org

http://dms.iwmi.org/

The South Asia Drought Monitoring System
(SADMS)

http://utfi.iwmi.org/

Underground Taming of Floods for Irrigation
(UTFI)

www.iwmi.org

KEY DROUGHT INDICATORS
Normal
Rainfall
(Amount,
Intensity,
Distribution)

Deficient Rainfall
(Amount, Intensity, Distribution)

Increased water demand
Overexploitation of water
Water-intensive cropping
Normal Infiltration
Normal Runoff
Normal Groundwater Recharge
Normal Stream Flow
Normal Inflow
(Reservoir//Lakes/Ponds)
Normal Soil Moisture
(Aiding germination & Crop growth

Normal
Agricultural
production
No Drought

Reduced Infiltration
Reduced Runoff
Reduced Groundwater Recharge
Reduced Stream Flow
Reduced Inflow (Reservoir/Lakes/Ponds)
Increased Evaporation & Transpiration Loss
Deficient Soil Moisture
Plant Water Stress
Reduced Growth & Biomass

Decreased
Agricultural
Production
including Feed & Fodder

Drought-affected

Collation of these indicators provides representation of the extent & severity of drought.

Economic,
Social &
Environmental

Integrated approach … Methodological framework
Weather data
•
•
•
•

IMD weather stations
Revenue rain guages
Automatic Weather stations
Geo-stationery satellites

•

Crop condition
& crop
estimation
Geospatial
near realtime from

Soil moisture
•
•
•
•

Crop sown areas

different satellites
• Bio-physical parameters from
satellites
• Agro meteorological yield models
• Improved manual crop estimation
surveys

Drought severity
Classification at
Sub district level

Soil water balance
Automatic Weather stations
Microwave satellites
Thermal data from satellites

• Manual collection
• Satellite observations

v Drought declaration
v Relief Assessment
v Relief Management

