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DROUGHT
-

** A |east understood natural climatic phenomenon.
**  Quantification of severity & impacts are highly complex

e
Philosophically :
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DROUGHT ANBRIDITY

Drought should not be confused witkridity or water scarcit

Drought

Drought is defined as
a relative deficit in a
given area compared
to its average or
usual water
availability, either in
the form of rainfall,
river flow, surface/
ground water
storages or due to
combination of these
for certain period of
time.

Thus drought is a
temporary
phenomenon

Aridity

Aridity refers to
persistently  short
supply of water
even in normal
circumstances . It
is a climatic
attribute of the
region . It applies
to the
persistently dry
regions like arid
areas & deserts,

where, water is
always in short
supply . It is a
permanent

climatic feature

of the region

Water Scarcity:

The water scarcity
refers to long-term
unsustainable use of
water resources,
which water managers
can Influence. Or In
other words, It Is
assoclated to over
exploitation of water
resources when
demand for water Is

more than Its
availability.

Thus water scarcity
IS a human induced

phenomenon



Climatic Variability & Climate Change

Climatic Variability
The

year-to-year
fluctuation of climate
above or below long-
term average value (the
climate normal |.e.
more

of

average of 30-or

year of records
climatic variable.

Climate varies over seasons &
years instead of day to day like
weather.

Climate Change

Climate Change Is long-term
continuous change (increase
or decrease) to average
weather conditions (e.g.
average temperature OR the
range of weather elements
(e.g. more frequent and severe
extreme events).

Climate Change is slow and gradual
unlike year-to-year variability




Drought Characteristics
frequency

DROUGHThefacts severity , &
persistence
A Drought characteristics vary across the climatic regions.

A Drought Characteristicare driven by regional climatic parameter

A Severity is described through multiple indicators and indices.
A Assessment of severity & impacts of droughts is complex.

A Regions with greater inter-annual variability of
precipitation are more susceptible to frequent and severe
drought.

Droughtranks firstamong the natural disasters tarms of number
of persons directly affectedjeographical area affecteahdeconomic
losses(Hewitt,1997),



Hydrological Drought Indices

1. Reservoir Storage Index (RSI).

2. Groundwater Drought Index (GWDI).
3. Stream Flow Drought (SFEDI)

Ephemerabktreams

Intermittent streams

Perenniaktreams



Reservoir Storage Index

MRS- RS
MRS

X100

RSI =

Where,

RS| = Reservoir Storage Index fidr month andj™ year.

MRS = Mean = Reservoir Storage fift month(10yrs,Cubian)

R$ = Reservoir Storage iit" month andj™ year (in Cubic m).

il MXZ HZ 0X NI XXXXI MH® T 2 [ m3

n = total numbers of years of observed monthly records used.



Reservoir Storage Index

Categorization of RSI (in storage volume terms)

Percentage deficit in Category of deficit
storage volume of

reservoir

Less than 20 % Normal deficit

20 -30% Mild deficit
30-40 % Moderate deficit
40 - 60 Severe deficit

>60 % Extreme deficit




The computation procedure of GWI Is as Tollows.

_ MDGW ) GWD]
GWDiI, GWD._

Where,

GWD} = Groundwater Drought Index fdi" month andj™ year.

MGWOD = Mean depth to groundwater table below surface (10 yrs, m)

GWQ = Depth to groundwater table in™™ month andj™ year (in meter).
GWD,,,, = Maximum depth to groundwater table irnt" month in available data
set for n number of years (in meter).

il MZ HYX 0 nX XXXXI MHO® T 2 r
n = total numbers of years for which monthly groundwater records are used.



Groundwater Drought |Groundwater
Index (GWDI ) deficit class
> -0.15 Normal
-0.16 to- 0.30 Mild
-0.31 t0-0.45 Moderate
-0.46 to- 0.60 Severe
<-0.60 Extreme




CHARACTERIZATION OF HYDROLOGIC EVENTS

Flood

High Flow

Day Months Years Time Unit




Methodology

Assessment of streamflow drought severity

A Estimation of variable truncation level
I Derived from monthly flow duratioourves

A DroughtSeverity Assessment
(stream flow drought severity index)
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Monthly flow duration curves for Betwa River at Basoda site
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Discharge (MCM)
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Fig. 10 : Variable truncation level for the Bearma river at Gaisabad




Estimated values of truncation level

Month Truncation level at 7percentile of flow duration curve
(m3/sec)
Betwa River (sites)
Basoda Rajghat Mohna Shahjina

Jan 4.48 8.26 10.12 27.6
Feb 2.97 6.24 9.07 23.7
Mar 1.18 3.82 7.1 19.1
Apr 0 0.32 6.25 14.9
May 0 0 5.33 12.1
June 0 0 7.959 16.9
July 27.72 46.3 46.97 94.5
Aug 216.88 385.2 788.73 1050.5
Sept 50.68 117.8 293.23 292.5
Oct 14.72 30.5 30.62 65.3
Nov 4.87 9.1 16.07 36.2
Dec 5.16 8.12 14.2 30.2




over the period between 19884 to 199899.

Ephemeral & Intermittent streams

Table: Duration and severity of drought events in the Sonar sulbasin

Sl.| Year of| Month of Duration
No| drought| onset of] of Cumulative deficit volume (Severity), in MCM
event | drought| drought

event in .

months June | July | Aug. | Sept.| Oct. Nov. Dec. Jan. Feb. Mar. April May
1] 198485 | July 84 9 -- -- -- -21.25 -22.95| -22.95| -22.95| -22.95| -22.95| -22.95| -22.95| -22.95
2 | 198687 | Aug.86 10 - -- -85.89| -124.1( -126.56| -127.16| -127.16| -127.16| -127.16| -127.16| -127.16| -127.1¢
3 | 198889 | Aug. 88 10 -- -- -0.97 | -12.76 -13.19| -14.29| -14.29| -14.29| -14.29| -14.29| -14.29| -14.29
4 | 198990 | Sept. 89 9 -- -- -- -22.8| -259 | -265 | -265 | -265 | -26.5 | -26.5 | -26.5 | -26.5
5 | 199192 | Sept. 91 9 -- -- -- -8.08 | -10.06 | -10.47 | -10.47 | -10.47 | -10.47 | -10.47 | -10.47 | -10.47

Table : Duration and severity of drought events in the Bearma sulbasin over the period between 19745 to 199899.

Sl | Year of | Month | Duration
No. | drought | of onset| of Cumulative deficit volume (Severity), in MCM
event of drought
drought| eventin | June | July Aug. | Sept. | Oct. Nov. |Dec. |Jan. Feb. Mar April May
months
1 197475 | Sept.74 9 -- - -- 102.18| 104.73| 101.48| 101.74| 102.11| 102.77| 103.44| 103.44| 103.44
2 197380 | June 79 12 -1.16 | -85.70 | -577.75| -796.60| -828.80| -837.12| -832.91| -834.30| -835.45| -835.4 | -835.45( -835.45
3 198182 | July 81 3 - -89.12 | -220.10] -253.47] -- - - - - - - -
4 198485 | Oct. 84 3 -- -- -- -- -249 |-565 |-7.26 |-- -- -- -- --
5 198990 | July 89 11 -- -126.1 | -176.8 | -120.51| -129.35| -132.08| -133.66| -133.67| -132.59| -131.47| -131.47 | -131.47
6 199192 | Oct. 91 8 -- -- -- -- -5.45 |-548 |-5.68 |-6.33 |-7.62 |-7.74 |-7.74 |-7.74
7 199697 | Dec. 96 6 -- -- -- -- -- - -1.06 |-1..93 |-3.30 [-3.31 |-3.31 |-331




The Stream flow drought severity index
(DS)) isdefinedasfunction of

() the ratio of deficit flow volume to
correspondingvolume at the truncation
leveland

(1) the ratio of duration of deficit flow to the
maximum expected duration of the
Independentstreamflow droughtevent




Hydrological Drought Severity Index

Vd X de
VTL dm

V, = deficit flow volume during drought event,

DSI.=

Where,

V;, = corresponding flow volume expected at TL flow
d. = duration of independent drought event, and

d., = maximum duration of an independent drought event
(=365 days).



Hydrological Drought Severity Index

DSI, Drought Severity Class
<0.01 Weak
0.01 to 0.05 Mild
0.051t0 0.2 Moderate
0.21t0 0.5 Severe
> 0.5 Extreme




Climatic Classification

Ponce and Pandey 2000 ; Pandey and Ramasastri 2001, 2003



E.and P, variation in India
Western Rajasthan/éry low rainfall)
P, = 100-450 mm
= 2000- 2500 mm

Central India

Pa = 8001550 mm
Ep= 1500- 2000 mm

North eastern region
P, = 2500- 6400 mm & More
E,= 1000-1200

South India(Low Rainfall)

Pa = 450700 mm
Ep= 1600- 2000 mm



Spatial Distribution of Climatic Regions in India
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DroughtReturn Period 1901-2008)
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Drought Severity map of Indigl901-2008)
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Using Rainfall data for 523 stations for 1901
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Using Rainfall -Temperature Data for 268 stations for 1901
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Using Rainfall  -Temperature Data for 268 stations for 1901
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Semiarid

Drought Intensity Class
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Influence of Morphological Factors

A Distance from MajoDrographidarriers
(mountains)& Distance from Ocean/Sea
Influence

I Drought severity
I drought persistence

A Stations withEpPa<1.2,ds<100 km anddh<100 km
hardly ever faced persistent droughts or the drought
events of severe and extreme intensity.

A Stations EpPa<1.5) which are withit00 to 150 km
from ocean (100&s<150)and have close distang¢dh<
100 km)from mountain/major hill seldom faced the
drought events of severe and extreme intensity




Assessment of Areas Vulnerable to Droug

Static factor of
vulnerability
(Physiographic factors
whichvary w.r.t. space)

Semistatic factors of
vulnerability (Which vary with
the phase of developmentw.r.t.
space and longterm temporal
variability

Variable  factors  of
vulnerability (Which vary
w.r.t. spaceandtime)

1. Topographic factors
(General Slope and
drainageetc)

2. Soil  (Soil water
holding capacity)

3. climatic components
(Precipitation& ET),

1.

2.
3.

~N o

Water resourcesdevelopmen
(irrigation supports),

In-situ waterconservation,
Statusof surfacewaterstorage
availability,

Status Ground water
availability
Populationdensity(Population
concentration, industrial/
commerciakctivities)
Landuse

Regional cropping system/
cropwaterdemand
Regionspecificactivities (like
cattle farming/wildlife

preservatioretc)

1. Rainfall(monthly
seasonal/annual

2. Streamflow

3. Storages in  tanks

[reservoirdif any)




Demarcation of Areas Vulnerable to Droug
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Drought Management in India

A At Govt. level--Relief measure--- like

-- suspension of loan recovery,

-- Temporary employment through short term relief works.
-- Small fraction of loss as token of Compassion to formers

A We need to go for i Near real time monltorlng and .
minimization of losses during drought. T

In Arid areas

Frequency IS once in every 2 to 3 years
Mostly Severe drought -y
persistence/ successive droughts---2-3 consecutive yrs

mitigation options ---- limited choice

- Intensive rain water harvesting/ water conservation -- can only
moderate adverse impacts marginally.
- Need inter-basin water transfer 1 to mitigate impacts of drought
and bring prosperity.
Recycling of wastewater particularly for supplemental irrigation.
Micro-irrigation (sprinkler/ drop systems).
Measures for evaporation reduction form tardsrviors




Creation of Water storages in tanks and
reservoirs

Intensive water conservation/ rain water
harvesting

Groundwater Recharge

Recycling of wastewater

Inter-basin water transfec remain a better
mitigation option for bringing prosperity in
semi arid areas



Drought Management in Indla
In Semi-Arid areas

Frequency is oncein 4to 5 years
Both Severe & moderate drought
Persistence droughts---2-3 consecutive yrs

Mitigation option-- can minimize impacts largely.

- Water storages

- Intensive Water conservation/ rain water harvesting

- GW Recharge

- Inter-basin water transfer i remain a better mitigate
option for bringing prosperity.

- Recycling of waste water to use in irrigation







