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Motivation

Pakistan is home of more than 220 million people, with an arid to
semi-arid climate.

Agriculture contributes about 24% to the Pakistan Gross Domestic
Product (GDP), and about 43% of the labour are exposed to the
extreme temperature conditions.

The SAT over Pakistan peaks during early summer (pre-monsoon,
May-Jun) season compared to the consequent monsoon season (July-
September) over Pakistan.

The early summer period is considered as dry and the hottest season
over Pakistan, which may result in extreme temperature conditions.

The region also experiences heatwaves during early summer season,

but the underlying mechanism that modulates the temperature
extremes are still unknown.
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Data and Methods

In situ mean surface air temperature (SAT) data for 49 PMD
stations for the period 1981-2018.

The country averaged SAT is used as temperature index, referred Enksispieeamieele | Dapiimant "y |
as PakTmean. b W%%h
S
Fifth generation European Re-Analysis (ERAS) data was used
for the period 1981-2018. =
3 /3 "q» : - Legend

@ PMD Network
River

Saudi-KAU AGCM AMIP Simulation with T42 atmospheric
resolution are used to analyze the SAT variability over Pakistan

Elevation

4
for the period 1871-2016 (Almazroui et al. 2017). ]| —
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member with observed monthly varying HadISST dataset.
Idealized experiments are carried out by forcing the model with

only MJ El Nifio (La Nifia) anomaly composites in the ENSO
region and elsewhere the climatological SST.
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Temperature Variability over Pakistan

Reg.(PakTmean, Hadley Circulation)
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L The SAT variability over Pakistan during early summer season is mainly associated with upper-level positive
geopotential height anomalies modulated through the strengthening of the walker and Hadley circulation.
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How ENSO affects Temperature Variability over Pakistan

— — PakTmean
NINO34

Interannual variability of PakTmean and ENSO

-
—
—

| e

—

T

\

V

1995 2000 2005 2010 2015

——
S
—_—

1990

L

2

1985

> S

Rashid et al. (2022), DOI: 10.1002/joc.7560



EQ
30S

60S 4

90S 1

0 60E  120E 180

120W

-2 -18 -1.5 -1.2 -0.9 -0.6 -0.3 0.3 0.6 0.9

100

Reg.(NINO34,Hadley Circulation)

oW 40E 60E

-35 -30 -25 -20 -15 -10 -5 5 10 15 20 25

Reg.(NINO34,RnS).

1.2 15 18 2

200

300 f0
400
500

]

700 gk

AN sl AN
925 i il IS NN

10N 15N 20N

[ [ [ e
-0.7 -0.6 -0.5 —0.4 -0.3 -0.2 -0.1 0.1 02 03 04 05 0.6 0.7

- =3
==

(i

(¢

Y,
a

&

B))

Reg.(NINO34,SAT).

39N -

36N

33N

27N +:

24N

50E  55E 60E 65E 70E  75E  BOE  85E

[N ] [ [
-0.8 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0.1 02 03 04 05 06 08

Rashid et al. (2022), DOI: 10.1002/joc.7560

[ 1

-3

60E

65E

06

-2

[
=1

| [
-05 05

Cont......



Saudi-KAU AGCM AMIP Simulations
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Saudi-KAU AGCM Idealized Experiments
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Conclusion and Future Direction

This study demonstrate that how ENSO i1s contributing to the regional temperature extremes.
The cold ENSO phase favors the positive geopotential height anomalies due to the strengthening of the
walker circulation that enhance the sinking motion and result in less cloudiness leading to the extreme

higher surface temperature conditions over Pakistan, while the opposite happens in the warm ENSO phase.

In future the predictability of the temperature extremes on sub-seasonal to seasonal time scale will be
assessed using the dynamical prediction model datasets.

Furthermore, this mechanism will be used to understand the warming over the region in the present and
future climate using the Coupled Global Climate models.

The individual extreme temperature events attribution.
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Abstract

Early summer (May-June) is the season where the surface air temperature (SAT)
variability is largest and may result in extreme temperature conditions over
Pakistan. Therefore, we analysed the early summer interannual SAT variability
over Pakistan for the period 1981-2018 using observational dataset and model
simulations. We noted that upper-level anticyclonic circulation anomalies over
Pakistan, which are associated with upper to the middle tropospheric descending
motion, favour clear skies with an increase in net shortwave radiation that leads
to extreme surface warming over the region. Moreover, the El Nifio-Southern
Oscillation (ENSO) based on Nifo3.4 SST index is negatively associated with SAT
anomalies over Pakistan. The cold ENSO phase favours the positive geopotential
height anomalies due to the strengthening of the Walker circulation that enhance
the sinking motion and result in less cloudiness leading to the extreme higher sur-
face temperature conditions over Pakistan, while the opposite happens in the
warm ENSO phase. Moreover, the Saudi-KAU Atmospheric Global Climate
Model (AGCM) simulated large-scale patterns that are in good agreement with
the observations. Sensitivity experiments with the AGCM confirm that cold SST
anomalies in the ENSO region significantly favour above-normal SAT anomalies
over Pakistan, while the opposite happens in the warm ENSO phase. These results
are important to understand and potentially predict regional heatwaves over the
South Asian region, particularly over Pakistan.

KEYWORDS
early summer, ENSO, Hadley circulation, Pakistan, surface air temperature, Walker
circulation
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O The upper-level height anomalies favour the sinking atmospheric motion, increasing the upper to mid tropospheric
air temperature, restricting the middle and low-level cloud formation implying an increase in surface solar radiation.
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