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Philosophically :  

 

ñAny calamity/hazard which can be measuredέ  

 

certainly άǘƘŀǘ Ŏŀƴ be better managedέ 
 

**   A least understood natural climatic phenomenon.  

**   Quantification of severity & impacts are highly complex  

DROUGHT  



DROUGHT AND ARIDITY 
Drought should not be confused with Aridity or water scarcity 

Drought Aridity Water Scarcity:  

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  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  

The water scarcity 
refers to long-term 
unsustainable use of 
water resources, 
which water managers 
can influence. Or in 
other words, it is 
associated 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 Climate Change 

 The year-to-year 

fluctuation of climate 

above  or below long-

term average value (the 

climate normal i.e. 

average of 30-or more 

year of records of 

climatic variable.   

 

Climate varies over seasons & 

years instead of day to day like 

weather. 

 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 :The facts  

ÅDrought characteristics vary across the climatic regions. 

ÅDrought  Characteristics are driven by regional climatic parameter. 

ÅSeverity is described through multiple indicators and indices. 

Å Assessment of severity & impacts of droughts is complex.  

ÅRegions with greater inter-annual variability of 

precipitation are more susceptible to frequent and severe 

drought.  

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

Å  Drought ranks first among the natural disasters in terms of  number 
of persons directly affected, geographical  area affected and economic  
losses (Hewitt,1997), . 

Drought  Characteristics 

frequency , 

 severity , & 
persistence  



 1. Reservoir Storage Index  (RSI). 

2. Groundwater Drought Index (GWDI).  

3. Stream Flow Drought (SFDI) 

  Ephemeral streams  

  Intermittent streams 

 Perennial streams   

  Hydrological Drought Indices 



Reservoir Storage Index 

(RSI)  
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Where,  

RSIij = Reservoir Storage  Index  for ith month and jth year. 

MRSi = Mean = Reservoir Storage for ith  month(10 yrs,Cubic m) 

RSij = Reservoir Storage in  ith month and jth year (in Cubic m). 

i  Ґ мΣ нΣ оΣ пΣ ΧΧΧΧΣ мнΦ  Τ  Ƨ  Ґ мΣ нΣ оΣ ΧΧΧΧΦΣ ƴΦ 

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

 



Reservoir Storage Index 

(RSI)  

  Categorization of RSI  (in storage volume terms)  

Percentage deficit in 

storage volume of 

reservoir  

Category of deficit  

Less  than 20 % Normal deficit  

20 -30%  Mild  deficit  

30 -40 % Moderate deficit  

40 - 60   Severe deficit  

>60 % Extreme deficit  



Groundwater Drought Index 

(GWDI)  

The computation procedure of GWI is as follows. 
 
 
 
  
 
 

Where,  
GWDIij = Groundwater Drought Index  for ith month and jth year. 
MGWDj = Mean depth to groundwater table below surface (10 yrs, m) 
GWDij = Depth to groundwater table in  ith month and jth year (in meter). 
GWDimax = Maximum depth to groundwater table in  ith month in available data 
set for n number of years (in meter). 
 i  Ґ мΣ нΣ оΣ пΣ ΧΧΧΧΣ мнΦ  Τ  Ƨ  Ґ мΣ нΣ оΣ ΧΧΧΧΦΣ ƴΦ 
n = total numbers of years for which monthly groundwater records are used. 
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Groundwater Drought 

Index (GWDI  ) 

Groundwater 

deficit class  

>  - 0.15 Normal 

-0.16 to - 0.30 Mild  

-0.31 to -0.45 Moderate 

-0.46 to - 0.60 Severe 

< - 0.60 Extreme 

GWDI Classification  



Flood 

Low Flow 

High Flow 

Drought 

Day                   Months           Years         Time Unit 

Truncation 

Level  

 

 
Mean  

or 

Median 

 

 

 

CHARACTERIZATION OF HYDROLOGIC EVENTS 



Methodology  

Assessment of streamflow drought severity 

ÅEstimation of variable truncation level 

ïDerived from monthly flow duration curves 

 

ÅDrought Severity Assessment 

 (stream flow drought severity index) 



Plots of probabilirty of 'Zero' and 'Non-Zero flows' in  

different  months in Sonar River at Garahkota

0

0.2

0.4

0.6

0.8

1

1.2

jul aug sep oct nov dec jan feb mar apr may jun

Months

P
ro

b
a
b
ili
ty

 o
f 
e
x
c
e
e
d
e
n
c
e
 

ZERO-flow s

Non-ZERO flow s

 Plots of probability of 'Zero' and 'Non-Zero' flows  in  

different  months in Bearma at Gaisabad site low stream
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Monthly flow duration curves for Betwa River at Basoda site 
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Fig. 10 :  Variable truncation level for the Bearma river at Gaisabad
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Estimated values of truncation level        

Month Truncation level at 75thpercentile 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 7.59 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 



Table :  Duration and severity of drought events in the Sonar sub-basin  

                  over the period between 1983-84 to 1998-99. 
 

 

Cumulative deficit volume (Severity), in  MCM 

 

Sl. 

No

. 

Year of 

drought 

event 

Month of 

onset of 

drought 

Duration 

of 

drought 

event in 

months 
June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  April  May 

1 1984-85 July 84 9 -- -- -- -21.25 -22.95 -22.95 -22.95 -22.95 -22.95 -22.95 -22.95 -22.95 

2 1986-87 Aug.86 10 -- -- -85.89 -124.10 -126.56 -127.16 -127.16 -127.16 -127.16 -127.16 -127.16 -127.16 

3 1988-89 Aug. 88 10 -- -- -0.97 -12.76 -13.19 -14.29 -14.29 -14.29 -14.29 -14.29 -14.29 -14.29 

4 1989-90 Sept. 89 9 -- -- -- -22.8 -25.9 -26.5 -26.5 -26.5 -26.5 -26.5 -26.5 -26.5 

5 1991-92 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 sub-basin over the period between 1974-75 to 1998-99. 

 

 

Cumulative deficit volume (Severity), in MCM 

 

Sl 

No. 

Year of 

drought 

event 

Month 

of onset 

of 

drought 

Duration 

of 

drought 

event in 

months 
June July Aug. Sept. Oct. Nov. Dec. Jan. Feb. Mar.  April  May 

1 1974-75 Sept.74 9 -- - -- 102.18 104.73 101.48 101.74 102.11 102.77 103.44 103.44 103.44 

2 1979-80 June 79 12 -1.16 -85.70 -577.75 -796.60 -828.80 -837.12 -832.91 -834.30 -835.45 -835.45 -835.45 -835.45 

3 1981-82 July 81 3 -- -89.12 -220.10 -253.47 -- -- -- -- -- -- -- -- 

4 1984-85 Oct. 84 3 -- -- -- -- -2.49 -5.65 -7.26 -- -- -- -- -- 

5 1989-90 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 1991-92 Oct. 91 8 -- -- -- -- -5.45 -5.48 -5.68 -6.33 -7.62 -7.74 -7.74 -7.74 

7 1996-97 Dec. 96 6 -- -- -- -- -- -- -1.06 -1..93 -3.30 -3.31 -3.31 -3.31 

 

Ephemeral & Intermittent streams 



Hydrological Drought Severity Index 

 The Stream flow drought severity index 
(DSIe) is defined as function of  

(i) the ratio of deficit flow volume to 
corresponding volume at the truncation 
level and 

(ii) the ratio of duration of deficit flow to the 
maximum expected duration of the 
independent stream flow drought event.  



Hydrological Drought Severity Index 

      

 d
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Where,  

Vd  = deficit flow volume  during drought event,  

VTL = corresponding flow volume  expected at TL flow  

de = duration of independent drought event, and  

dm = maximum duration of an independent drought event  

     (=365 days).  



Hydrological Drought Severity Index 

      

 
  

DSIe Drought Severity Class 

< 0.01 Weak 

0.01 to 0.05 Mild  

0.05 to 0.2 Moderate 

0.2 to 0.5 Severe 

> 0.5 Extreme 



Climatic Classification 
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Humid 
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Av. 
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Rainfall 
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 Pa/Pg 
Ratio 
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of Wet 
Season 

<100 
mm 

100-200 
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 3200-6400 
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>6400   
mm 
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1/8¢Pa/
Pg<1/4  

1/4¢Pa/
Pg<1/2 

1/2¢Pa/
Pg<1 

1¢Pa/Pg

<2 
2¢Pa/Pg

<4  

 Ep/Pa²30 30>Ep/Pa² 
12  

12>Ep/Pa²5  5>Ep/Pa²2  2>Ep/Pa² 
3/4 

3/4>Ep/Pa² 
3/8 

3/8>Ep/Pa² 
3/16 

Ep/Pa<3/16    

< One 
month 

º One and 
half months 

º Two 
months  

º Three 
months  

 

º Four 
months  

  

º Six 
months  

º Eight 
months  

> Ten 
months  

  

Climatic 
Spectrum  

Ponce and Pandey 2000 ; Pandey and Ramasastri 2001, 2003 



EP and Pa variation in India  
Western Rajasthan (Very low rainfall) 

Pa  = 100 - 450 mm       
Ep = 2000 - 2500 mm 

North eastern region 
Pa  =  2500 - 6400 mm  & More 

Ep = 1000 -1200 

Central India 
   Pa  = 800- 1550 mm       

Ep = 1500 - 2000 mm 

South India (Low Rainfall) 

   Pa  = 450- 700 mm       
Ep = 1600 - 2000 mm 



Spatial Distribution of Climatic Regions in India  



Drought Return Period (1901-2008) 



Drought Severity map of India (1901-2008) 
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Ep/Pa Ratio 

Relation of average drought return period with the Ep/Pa ratio 
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   Using Rainfall data for 523 stations for  1901 -2013  



R² = 0.6887 
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Drought Frequency  Vs  Temperature Variation Range  

   Using Rainfall -Temperature Data for 268 stations for  1901 -2013  



Occurrence Severe drought vs  Temperature Variation Range  
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   Using Rainfall -Temperature Data for 268 stations for  1901 -2013  



Drought Intensity Class
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CIml-CIm

CIs

CIe

Extreme intensity 

Sever intensity 

Mild-moderate intensity 

Relation between percent probability of drought Severity and Ep /Pa ratio.  
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Influence of Morphological Factors 

ÅDistance from Major Orographic Barriers 
(mountains) & Distance from Ocean/Sea --- 

influence  

ï Drought severity 

ï drought persistence  
 

ÅStations with Ep/Pa<1.2, ds<100 km, and dh<100 km 
hardly ever faced persistent droughts or the drought 
events of severe and extreme intensity. 
 

ÅStations (Ep/Pa<1.5) which are within 100 to 150 km 
from ocean (100<ds<150) and have close distance (dh< 
100 km) from mountain/major hill seldom faced the 
drought events of severe and extreme intensity  



Assessment of Areas Vulnerable to Drought 

Static factor of 

vulnerability  

(Physiographic factors 

which vary w.r.t. space) 

Semi-static factors of 

vulnerability  (Which vary with 

the phase of development w.r.t. 

space and long-term temporal 

variability 

Variable factors of 

vulnerability  (Which vary 

w.r.t. space and time) 

1. Topographic factors 

(General Slope and 

drainage etc.)  

2. Soil (Soil water 

holding capacity) 

3. climatic components 

(Precipitation & ET), 

1. Water resources development 

(irrigation supports), 

2.  in-situ water conservation,   

3. Status of surface water storage 

availability, 

4. Status Ground water 

availability 

5. Population density (Population 

concentration, industrial/ 

commercial activities) 

6. Land use 

7. Regional cropping system/ 

crop water demand.  

8. Region-specific activities (like 

cattle farming/wildlife 

preservation etc)  

1. Rainfall(monthly/ 

seasonal/annual) 

2. Stream flow 

3. Storages in tanks 

/reservoirs (if  any) 



Demarcation of  Areas Vulnerable to Drought 

Critically vulnerable 

Severely vulnerable 

Moderately vulnerable 

Mild vulnerable 

Least vulnerable 



Drought Management in India 
ÅAt 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 

 ÅWe need to go for ï Near real time monitoring and 
minimization of losses during drought.  

 

In Arid areas 
Frequency is  once in every 2 to 3 years 
Mostly Severe  drought 
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 ïto mitigate impacts of  drought  

and  bring prosperity. 
Recycling of wastewater particularly for supplemental irrigation. 
Micro-irrigation (sprinkler/ drop systems). 
Measures for evaporation reduction form tanks/reserviors 

 



Creation of  Water storages in tanks and 
reservoirs 
Intensive water conservation/ rain water 
harvesting 
Groundwater Recharge  
Recycling of wastewater 
Inter-basin water transfer ς remain a better 
mitigation option for bringing prosperity in 
semi arid areas 



Drought Management in India 

In Semi-Arid areas  
Frequency is  once in 4 to 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 ï remain a better mitigate  

option  for bringing  prosperity. 

- Recycling of waste water to use in irrigation 
 




