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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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Climate Change: GCRI, GHGs, and Paris Agreement

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

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.

Pakistan

Temp increase | C)

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)




Natural Climatic Hazards in Pakistan

Average Annual Natural Hazard Occurrence for 1980-2020 Key Natural Hazard Statistics for 1980-2020
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» 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.




Climate Change Triggers Extreme Events

» 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- breakmg, extended spell of fog were observed.

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.

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

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

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

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

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




Normal Rainfall Distribution in Pakistan Seasons R
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(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.
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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.
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(a and b): El Nifio 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 Nina, Warm PDO, and Cold

PDO composites, respectively.
Figure (right):
Regime Shift Detection

(Rodionov, 2006)
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(c) CMIPS (Ad].) o Pattern Correlation Values
2 SPI
Model Name CMIP5 CMIP5 (Adj.) CMIP6 Model Name
ACCESS1.0 -0.11 -0.18 -0.33|ACCESS-CM2
ACCESS1.3 0.10 -0.23 ACCESS15
BCC-CSM11 | 003 0.01 BCC-CSM2-MR
CMCC-CM 0.12 -0.04 31/CMCC-CSM2-SRS
GFDL-ESM2G 0.17 CMCC-ESM2
GFDL-ESM2M 0.07 GFDL-ESM4
SPI INM-CM4 -0.30 INM-CM4-8
iy CMIP6 e IPSL-CMS5A-LR 1 o -0.09 INM-CM5-0
h IPSL-CM5A-MR -0.02]IPSL-CM6A-LR
MIROCS MIROC6
MPI-ESM-LR MPI-ESM1-2-HR
MPI-ESM-MR MPI-ESM1-2-LR
Ensemble 0.15[Ensemble
RDI
ACCESSL.0 -0.49|ACCESS-CM2
ACCESS1.3 0.06/ACCESS15
6E 0% Bk BCC-CSM11 0.31/BCC-CSM2-MR
(c) CMIPS (Adj.) CMCC-CM 0.33|CMCC-CSM2-SRS
GFDL-ESM2G 0.23|CMCC-ESM2
GFDL-ESM2M 0.03|GFDL-ESM4
INM-CM4 0.29|INM-CM4-8
IPSL-CM5A-LR -0.50{INM-CM5-0
IPSL-CM5A-MR -0.09|IPSL-CM6A-LR
MIROCS -0.13|MIROC6
MPI-ESM-LR 0.06|MPI-ESM1-2-HR
MPI-ESM-MR MPI-ESM1-2-LR
Ensemble Ensemble
(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.
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»

»

»

»

»

»

»

»

Conclusions

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, Nino3.4, 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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Drought Hazard Equation

1( T, SM,_, A
DHI==|448 ~ 4 F
3 Index SM 34°N i
y annual }
T, = total number of droughts S R vy -
T, = total number of years 0N
N h b \ Hazard Classes
Sindex— S€asonal (winter/ monsoon) dominant rainfall == -
index (Table); for monsoon, SM;; = soil moisture ~"| S /7 B e
(July to December), and for winter SM;; = soil .| M WEFea_ H Moderate
\ % Low
mO}sture (January to June); SM, ..., = annual soil N B ey Lov
mOISture ; 0 50100 200 300 400Miles
HﬂZlI'd C]ﬂSSCS HﬂZﬂrd Il]dex 62|°E 64I°E 66I°E 68I°E 70I°E 72"’E 74'°E 76I°E 78I°E
Extremely High >1.50
High 1.00- 1.50
Moderate 0.75-0.99
Low 0.60-0.74
Very Low <0.60
Indicator Class limit and rating score

Percentage of seasonal rainfall for

Sindh province

Percentage of seasonal rainfall for

other province

2Index value

>89 79- 89 70-79 59-70
> 60 51- 60 41-50 30-40
- 3 2 1




Classification of the Drought Severity

. Deciles SPI and RDI Percentage
St Drought Severity Classes Classification values Departure
1 Extremely wet 10 >2.0 80 to =100
2 Severe wet a 1.50 to 1.99 60 to 79.9
3 Moderate wet 8 1.00 to 1.49 40 to 59.9
4 Mild wet 7 0.50 to 0.99 21to 39.9
> Normal Sand 6 0.49 to -0.49 -20 to 20
6 Mild drought 4 -0.50 to -0.99 -21 to -39.9
7 Moderate drought 3 -1.00 to -1.499 -40 to -59.9
8 Severe drought 2 -1.50t0 -1.99 -60 to -79.9
9 Extremely drought 1 <-2.00 -80 to =-100
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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 21 mm of rainfall, and Total Rainy Days (TRD) as a day with
>2.5 mm of rainfall.
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Negative Indian Ocean Dipole
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Concurrence of La Nifia 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.
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