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Meteorological Hydrological

Agricultural Socioeconomic

The frequency and intensity of all four types of drought are 
increasing in most parts of the country due to climate change.
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World Resources Institute’s Climate Analysis Indicators Tool, 2022

Climate Change: GCRI, GHGs, and Paris Agreement

Pakistan contributes only about 0.9% to global GHG 
emissions, yet it is the most vulnerable country to the 
negative impacts of climate change.

Paris Agreement (PA) targets of 
1.5°C and 2.0 °C are reaching 
Pakistan ten years earlier than 
the global average temperatures.

Kiani et al. (2021)

Pakistan

Global

0.9%

Source: German Watch ReportCR
I

Country

1 Puerto Rico

2 Myanmar

3 Haiti

4 Philippines

5 Mozambique

6 The Bahamas

7 Bangladesh

8 Pakistan

9 Thailand

10 Nepal

Global Climate Risk Index:
Pakistan has been ranked as the 
8th most vulnerable country due 
to climate change, and it is 
expected to be one of the top 
three countries in the coming 
report.

Less developed countries are more affected.



» Most severe droughts: 1952, 1969, 1971, 2000, 2001, 2002, 2015, 2018, and 2021-22. 
» The drought of 1999-2002 is considered the worst drought in Pakistan’s history: 3 

million people were affected.
» In 2010, the summer monsoon caused the most catastrophic flooding: 20 million 

people were affected.
» In heatwave 2015, around 65,000 people were hospitalized due to heat stroke. 
» Monsoon 2022 produced record-breaking rainfall: ~33 million people were affected.
» In 2023-24, Pakistan experienced an unprecedented and prolonged spell of fog, which 

severely affected Punjab, KP, and upper Sindh areas. 

© 2021, The World Bank Group
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Natural Climatic Hazards in Pakistan



» Climate change is causing unprecedented extreme events in Pakistan.
» Out of seven major climate extreme events, six occurred within just a 9-month period, 

between Jan and Sep 2022.
» In 2023, Cyclone “Biparjor” and a record-breaking, extended spell of fog were observed. 
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Climate Change Triggers Extreme Events

JAN (2022): Murree received the 
highest amount of snowfall.

MAR-JUN (2022): Pakistan 
experienced severe heat waves.

MAY (2022): Shisper Glacier GLOF
event was reported in GB/upper-KP.

MAY-JUN (2022): Emergence of 
Flash Drought was observed.

JUN (2022): Torrential rainfall in
pre-monsoon with unpre. snowfall.

JUL-SEP (2022): Deadliest floods
with unpre. rainfall extremes.

Dec-Feb (2023-24): Unprecedented
and prolonged spell of fog.

Jun (2023): Ext. svr. cyclonic storm 
“Biparjoy” over the Arabian Sea.



GPCC (1951-2017)GPCC (1951-2017)

Adnan et al. (2018)

Normal Rainfall Distribution in Pakistan

(b) (c)

(a)
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Seasonal Rainfall Distribution

1981-2010



(a): Annual cycle of rainfall (bars), maximum temperature, and minimum temperature (lines) 
for the period 1971-2020. (b - d): Inter-annual variability of rainfall, maximum, and minimum 
temperatures on annual and seasonal timescales, respectively. 

Historical Drought Patterns
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ANN

JJAS DJFM

Study Area
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Variability of six drought indices (SPI, aSPI, RDI, 
eRDI, DI, PD) for the years 1971, 2000, 2001, 2002, 
2015, and 2018 across N.P and S.P.

Empirical Orthogonal Function (EOF) 
analysis: Annual SPI

Trends Trends

Trends Trends

Trends Trends

North’s Rule of Thumb
North et al. (1982)

Hannachi et al. (2007 & 2021)
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PDO

TSA

ENSO



Figure (right):
Regime Shift Detection
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• (a and b): El Niño composite of SST 
anomalies and SPI,  respectively,  on 
annual timescale.

• (c – d, e – f, and g – h): Same as the first 
row, but for La Niña, Warm PDO, and Cold 
PDO composites, respectively.

(Rodionov, 2006)

El Niño 

La Niña 

PDO (+ve) 

PDO (-ve) 
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No Shift Detected

Regime Shift Detection (South Asia)
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Data Period Res.

PMD
2000 to 

2019

Point 

Data

TRM

M

1998 to 

2019
0.25° H

IMER

G

2000-

present
0.1° H

GPCP
1997-

present
0.5° D

T R M M 
performs 
b e t t e r 
followed 
by IMERG 
and GPCP.



14

SP
I-

6 
fo

r 
th

e 
ye

ar
 2

00
2

SP
I-

12
 fo

r 
th

e 
ye

ar
 2

00
2

C
on

se
c.

 D
ry

 D
ay

s (
C

D
D

)
Tr

en
ds

 (p
er

 y
ea

r)
 C

D
D



15

Ta
yl

or
 D

ia
gr

am
 (m

on
th

ly
 to

ta
l p

re
ci

pi
ta

tio
n)

Ta
yl

or
 D

ia
gr

am
 (m

on
th

ly
 d

ro
ug

ht
 in

de
x:

 S
PI

-6
)

Annual Cycle

S1

S2

S3

S4

Adnan and Ullah (2020)

(S1)
(S2)

(S3)
(S4)

Study Area
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Percentage of dry months ,  severity of dry 
months, and mean inter-arrival time (in months).

Percentage of land area affected by drought for 
each month of the study period (1998-2018).
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11/2015 01/2000 03/2015 10/1999

Trends

SPI-6

ENSO
PDO



Sr. Institution Modeling Centre CMIP5 -CMIP6

1 CSIRO

Commonwealth Scientific and 

Industrial Research Organization, 

and Bureau of Meteorology 

(Australia)

ACCESS1.0 (144×192)

ACCESS1.3 (144×192)

ACCESS-CM2 

(144×192)

ACCESS-ESM1-5 

(145×192)

2 BCC

Beijing Climate Center, China 

Meteorological Administration, 

China

BCC-CSM1(160×320)
BCC-CSM2-MR 

(160×320)

3 CMCC
Centro Euro-Mediterraneo per I 

Cambiamenti Climatici, Italy
CMCC-CM (240×480)

CMCC-CM2-SR5

CMCC-ESM2

4 NOAA/GFDL

NOAA/Geophysical Fluid 

Dynamics Laboratory, United 

States

GFDL-ESM2G (90×144)

GFDL-ESM2M (90×144)

 

GFDL-ESM4 (180×288)

 

5 INM
Institute for Numerical 

Mathematics (INM)
INM-CM4 (120×180)

INM-CM4-8 (120×180)

INM-CM5-0 (120×180)

6 IPSL
L'Institut Pierre-Simon Laplace, 

France

IPSL-CM5A-LR (96×96)

IPSL-CM5A-MR 

(143×144)

IPSL-CM6A-LR 

(143×144)

7 MIROC

National Institute for 

Environmental Studies, The 

University of Tokyo, Japan

MIROC5 (128×256) MIROC6 (128×256)

8 MPI-M
Max Planck Institute for 

Meteorology, Germany

MPI-ESM-LR (96×192)

MPI-ESM-MR (96×192)

MPI-ESM1-2-HR 

(192×384)

MPI-ESM1-2-LR 

(96×192)

GPCC (1951-2005) CRU (1951-2005)

» Drought conditions are analyzed based on 36 GCM simulations (CMIP5, statistically 
downscaled high-resolution CMIP5, and CMIP6) using SPI and RDI indices.

» GPCC and CRU are used as reference datasets for the evaluation of climate models for 
historical period (1951-2005).

» 21st-century drought projections are examined based on RCP4.5 and SSP2-4.5 scenarios.
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Taylor Diagram
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Taylor Skill Score

(pr) (tas)

Biases



SPI

(Upper panel): Pattern correlation between GCM’s 
simulated slope of SPI trends (each district) and Ref. 
based slope of SPI trends for the period 1951 – 
2005.
(Lower panel): Same as upper panel, but for RDI.

0.17

-0.17

0.15

0.95

0.95

0.97

RDI
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Pattern Correlation Values



(SPI) (RDI)

Spatial distribution of the slope of SPI for the 
future period: (RCP-4.5 for CMIP5 and 
CMIP5-Adj.) and (SSP2-4.5 for CMIP6).

21
Spatial distribution of the slope of RDI for 
the future period: (RCP-4.5 for CMIP5 and 
CMIP5-Adj.) and (SSP2-4.5 for CMIP6).



» Climate change is actively impacting Pakistan through the increased 
occurrence of extreme climatic hazards.

» Prolonged and severe drought episode between 1999 and 2002 
affected up to 60% of Pakistan's land area.

» Drought indices indicate wet conditions across Pakistan, except in 
Gilgit Baltistan, Khyber Pakhtunkhwa, and western Balochistan.

» Droughts in Pakistan are influenced by PDO, Niño3.4, and TSA 
indices, indicating some predictability.

» TRMM and GPCP satellite-based precipitation products perform 
relatively better for assessing drought in Pakistan.

» GCM data (1951-2005) show rising SPI trends (wetness) in Punjab 
and declining trends (dryness) in Sindh and Balochistan.

» CMIP6 models from five institutes (BCC, CMCC, INM, IPSL, and MPI-
M) perform better than CMIP5.

» Future projections suggest increasing dryness in most of Pakistan’s 
western districts.
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Td = total number of droughts 
Ty = total number of years
SIndex= seasonal (winter/ monsoon) dominant rainfall 
index (Table);  for monsoon, SMi-j = soil moisture 
(July to December), and for winter SM i - j = soil 
moisture (January to June);  SMAnnual = annual soil 
moisture.
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Classification of the Drought Severity
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1) Percentage of dry months: This is computed by summing the total 
number of dry months for the study period, then dividing by the 
total number of months, and subsequently multiplying by 100 to 
obtain the percentage value.

2) Severity of dry months: This characteristic is similar to the total 
dry months, but instead of counting the number of months, it 
adds the corresponding SPI value for the dry months.

3) Mean inter-arrival time: The interval time (in months) between 
two consecutive dry spells is computed for all the months in the 
study period. Subsequently, the time series of the inter-arrival 
time is calculated for each dry event. The average of the time 
series is the called mean inter-arrival time.

4) Consecutive Dry Days (CDD) is defined as three consecutive dry 
days with <1 mm of rainfall, CWD as three consecutive wet days 
with ≥1 mm of rainfall, and Total Rainy Days (TRD) as a day with 
≥2.5 mm of rainfall.
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Concurrence of La Niña and 
negative phase of IOD during 
2022 indicates anomalous 
warmer sea surface conditions in
 the eastern Indian ocean 
(around Indonesia), thus 
providing additional moisture to 
feed monsoon depressions 
during the monsoon season.


