PAKISTAN
Climate-Health-Agriculture Maps

CHOICE Quantitative Analysis Results

July 2025
SickKids CGCH Team




Purpose

AA set of national level quantitative analyses for the (5) CHOICE
countries¢ Kenya,Tanzania, Ghana, Kyrgyzstan, and Pakistaas
conducted, mapping climate and health variables both geographically
and over time.

AFurther exploration of these associations was masleere
relevant/applicable CHOICE teams may want to further explore these
associations in their work.



Methodology Climate

A Clusters rolled up Into one of 9 (current) regions
(using DHS clusters for GPS coordinates)

A Maps generated for each indicator at 5year
Intervals from 2000 t02015/2020, where
possible

A Daily values averaged per year

[ ] Pakistan districts
[ Pakistan provinces

A Generated maps for the AARC (average annual
rate of change?foreach iIndicator from 2000 to
2015/2020

A Scale is based on 5 equal intervals

DHS-2017 clusters



List of 8 Regions

Gilgit-Baltistan

Pakistan Khyber
Pakhtunkhwa

Federally Administered
Tribal Areas

Azad Kashmir
Balochistan

Khyber Pakhtunkhwa
Punjab

Sindh

Azad Jamu Kashmir

Federal Administered Tribal Areas
(FATA)

Gilgit Baltistan
Islamabad

Balochistan

Punjab

Methodology implemented to address changing boundaries over time:
Demystifying Spatially Harmonized Geography in IPUMS DHEPUMS
DHS Spatial Analysis and Health Research Hub



https://tech.popdata.org/dhs-research-hub/posts/2024-04-09-spatial-harmonization/
https://tech.popdata.org/dhs-research-hub/posts/2024-04-09-spatial-harmonization/
https://tech.popdata.org/dhs-research-hub/posts/2024-04-09-spatial-harmonization/
https://tech.popdata.org/dhs-research-hub/posts/2024-04-09-spatial-harmonization/

Pakistan
Time points: 2000, 200
2010, 2015, 2020

Climate Indicators (7)

A Maximum temperature
A Minimum temperature
A Diurnal temperature

A Precipitation

A Soil moisture

A Relative humidity

A Wet bulb




Maximum Temperature

ADerived Data Set: ERA

AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: Degrees Celsius (daily)

Description: This parameter is the highest temperature of air at 2m above the
surface of land, sea or inland water since the parameter was last archived in a

articular forecast. 2m temperature is calculated by interpolating between the
owest model level and the Earth's surface, taking account of the atmospheric
conditions. This parameter has units of kelvin (K). Temperature measured in kelvin
was converted to degrees Celsi0&) by subtracting 273.15.

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Gilgit Baltistan

Max_temp 2000
[)-025102067
([J20671025.26

() 25.26 to 27.48
@ :7.481030.40
040103331

D Missing

2000

Gilgit Baltistan

Max_temp 2005
[J-0.26t0 2067
(Ja067t02526
(252610 27.48
@) 27.48 10 30.40
3040103331

[ Missing

2005

Gilgit Baltistan

Max_temp 2015
(J)-0.26 102067
([J20671025.26
() 25260 27.98
@ 2748 to 30.40
04003331

D Missing

2015

Gilgit Baltistan

Max_temp 2020
() -0.26t0 20.67
(2067102526

) 25.26t027.48
B =748103040
3040103331

D Missing

2020

Gilgit Baltistan

Max_temp_AARC 2000_2020
[)-0.043t0-0.018

@ -0.018t0-0.015

-0.015 10 -0.007

8 -0.007 to -0.002

-0.002 10 0.028

[ missing

Max_temp 2010
[)-0.26t020.67
(2067102526

@) 25.26t027.48
@ 27.481030.40
3040103331

[ Imissing

2010

AARC
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Minimum Temperature

ADerived Data Set: ERA

AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: Degrees Celsius (daily)

Description: This parameter Is the lowest temperature of air at 2m above the
surface of land, sea or inland waters since the parameter was last archived in a

articular forecast. 2m temperature is calculated by interpolating between the
owest model level and the Earth's surface, taking account of the atmospheric
conditions. This parameter has units of kelvin (K). Temperature measured in kelvin
was converted to degrees Celsi0&) by subtracting 273.15.

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Min_temp 2000
(()-10.71109.39
(Josoto136e

) 1364101527
B 152710 1865
B ec5t02185

D Missing

2000

Gilgit Baltistan

Min_temp 2005
[J-1071109.30
(Josoto1364

) 1364 1015.27
B 152710 18.65
B ess5t02185

D Missing

2005

Gilgit Baltistan

Min_temp 2015
[(J-1071t0039
[Jo39to 1364

1364101527
B 15.27 10 1865
B esst0218s

D Missing

2015

Gilgit Baltistan

Min_temp 2020
(J-1071t0939
[Jo39to13.64
1364101527
B 15.27 10 1865
B esst0218s

D Missing

2020

Gilgit Baltistan

Min_temp_AARC 2000_2020
([Joo21t00.029
@ 0.029 10 0.031
@ 0.031 10 0.042
B o.0s2100.052
B 0.052100.064

D Missing

Min_temp 2010
[J-1071100.39
[Josoto 1364

) 136410 15.27
@ 152710 1865
B ssso2iss

[:] Missing

2010

AARC
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Diurnal Temperature Range

ADerived Data Set: ERA (calculated)
AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: Degrees Celsius (daily)

Description: Diurnal temperature range is the difference between
the maximum and minimum temperatures.

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Gilgit Baltistan

Diurnal_temp 2000
(J10.151010.83
[(J1083t011.24
112410 11.70
@ 117010 12.36
B 123610 13.54

D Missing

2000

Gilgit Baltistan

Diurnal_temp 2005
[J10.15t0 10,83
[J1083to11.24

@ 112410 11.70
@ 1170101236
23610 1354

D Missing

2005

Gilgit Baltistan

Diurnal_temp 2010
[J10151010.83
[J1oeato 1124

@ 112410 11.70
@ 11.70t0 1236
236101354

E] Missing

2010

Gilgit Baltistan

Diurnal_temp 2015
(101510 10.83
[J1083t011.24
[ 1n24to11.70
B 1.70t0 1236
1236101354

D Missing

2015

Gilgit Baltistan

Diurnal_temp 2020
[[J10.1510 10,83
[J1oeato 1124

[ 112410 11.70
17010 1236
B 2360 13.54

[ Jmissing

2020

Diurnal_temp_AARC 2000_2020
([ -0.066 to -0.065
[ -0.065 t0 -0.060
@ -0.060t0 -0.053
@ 0053100045
i -0.045 0 -0.000

[:] Missing

AARC



Precipitation

ADerived Data Set: ERA

AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: Millimeters per day

Description: Standard way of measuring rainfall or snowfallThe total
precipitation is calculated from the combined largeale and convective

rainfall and snowfall rates every time step and the maximum is kept since the
ast postprocessing.

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Balochistan

Precipitation 2000
[Jootto0.03
[Jo.o3t00.08

[Jo.08t00.11
[ot1t00.13
Wo.13t00.19
D Missing

2000

Precipitation 2005
(TJootto0.03
(Joosto0.08

([Joostoo.11
@ot110013

Wo13t00.18

[j Missing

2005

Balochistan

Precipitation 2015
(Jootto0.03
(Joosto0.08

([Joostoo.11
@ot1t0013

Wo.13t00.19

[j Missing

2015

Precipitation 2020
(Joo1t0003
(Jo.o3t00.08
(Jo.oso0.11

o1110013
Wo.13t00.19
DMissing

2020

Precipitation 2010
(Jootto0.03
(Jo.03t00.08
[Jo.osto0.11
@o.11100.13
@o.13t00.19

[:] Missing

2010

Precipitation_AARC 2000_2020
([ 0.00033 to 0.00040
() 0.00040 to 0.00051
@ 0.00051 to 0.00064
{8 0.00064 to 0.00115
9 000115 t0 0.00138

() missing

AARC



Soil Moisture

ADerived Data Set: ERA

AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: m3 water/m? soil (daily)

Description: Soil moisture in ERAS refers to the volume of water
contained in the first solil layer, which spans from the surface (0 cm)

down to 7 cm depth. It is expressed as a volumetric quantity
(m3 water/m3 soil).

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Soilmoisture 2000
[Jooston.10
[Jo1ot022

[Jo22t0028

2000

Soilmoisture 2005

[Joostoo.10

[Jototoo22

[Jozeto028
[@o.28t0030
Wosot0ss

D Missing

2005

Soilmoisture 2015
[Joostoo.10
(Jo1oto022

([Jo22t00.28
@o.28t0030
Woaoto03s

D Missing

2015

Soilmoisture 2020
[Joostoo.10
(Jototo0.22

(Jo22t00.28
[ o.28t00.30
Bosoto03s

D Missing

2020

Soilmoisture 2010
[Joostoo10
[Jorowoz22
[Joz2t0028

2010

Soilmoisture_AARC 2000_2020
([ -0.0001 to 0.0005
(@ 0.0005 to 0.0007
@ 0.0007 t0 0.0008
{8 0.0008 to 0.0009
{8 0.0009 t0 0.0013

D Missing

AARC



Relative Humidity

ADerived Data Set: ERA

AYear: 2000, 2005, 2010, 2015, 2020
AHorizontal resolution: 25 kms
AUnits: % (daily)

Description: Relative Humidity (RH) is the ratio of the current water vapor
Pressure to the maximum possible water vapor pressure at a given
emperature. It is a measure of how much moisture is in the air
compared to the maximum moisture the air can hold at a specific
temperature.

Reference:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MuiioZsSabater, J., ... &hépaut, J. N. (2020). The ERA5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.



Relative_humidity 2000
[[Ja4.751053.96
([)s3.96t057.94
([)s7.94t062.11
6211106599
6599107013

D Missing

2000

Balochistan

Relative_humidity 2015
[[J34.751053.96
([)s3.96t057.94
[Js7.941062.11
[62.11t065.99
6599107013

C] Missing

2015

Relative_humidity 2005
(()34.75t053.96
([[Js3.96t057.94
([)s7.941062.11
621106599
@ 659910 70.13

D Missing

2005

Relative_humidity 2020
(J34751053.96
([)s3.96t057.94
([)s7.941062.11
@621 t065.99
@ ss5.991070.13

(I missing

2020

Relative_humidity 2010
([Ja475t053.96
([[J)s3.96t057.94
([)s7.941062.11
621106599
@ 659910 70.13

D Missing

2010

Relative_humidity_ AARC 2000_2020
[Joorsto0.170
@o.170100.198
@o.198100.235
@ 0235 10 0.260
W o2s0t00.288

() missing

AARC



Wet Bulb Temperature

A Derived Data Set: ERA (calculated)
A Year: 2000, 2005, 2010, 2015, 2020
A Horizontal resolution: 25 kms

A Units: Degrees Celsius (daily)

Description: The wetbulb temperature represents the lowest temperature that air can attain through the
process of evaporative cooling. It reflects the temperature at which air becomes fully saturated with moisture
(relative humidity of 100%) when water evaporates into it. This measure combines the effects of temperature
and humidity in a way that directly influences human temperature, indicating the physical limit at which the
human body can effectively cool itself by sweating (less than 3&).

References:Hersbach, H., Bell, B., Berrisford, P., Hirahara, SHoranyi, A., MufioZSabater, J., ... &hépaut, J. N. (2020). The ERAS5 global reanalysis. Quarterly journal of the royal
meteorological society, 146(730), 19992049.
Stull, R. (2011). Wetbulb temperature from relative humidity and air temperatureJournal of appliedmeteorology and climatology,50(11), 22672269.



Gilgit Baltistan

Wet_bulb 2000

[)-6981010.96
[[J10961013.59

[ 1259t014.88
B 1488101874
B s74t02100

E] Missing

2000

Gilgit Baltistan

Wet_bulb 2005
[J-e98t010.96
([J1096t013.50

() 135910 14.688
@ 148810 18.74
B s 7402100

D Missing

2005

Gilgit Baltistan

Gilgit Baltistan

Wet_bulb 2015
[J-698t010.96
[J1096t0 1359

@ 135910 14.88
B 1488101874
B s74t02100

[j Missing

2015

Gilgit Baltistan

Wet_bulb 2020
[]-6.981010.96
[[J109610 1359

() 135910 14.88
B 148810 1874
B s74t021.09

[j Missing

2020

Wet_bulb_AARC 2000_2020
[Jo.026t00.028
[ 0.028 10 0.032

@ 0.036t00.039

D Missing

Wet_bulb 2010
[])-6.981010.96
[[J109610 1359

() 135910 14.88
B 148810 1874
B s74t021.09

[j Missing

2010

AARC



Pakistan
Time points: 2000, 2005, 2010, 2015, (2020)

Agriculture (4)
AEnhanced vegetation index

ACrops T maize & rice & wheat (within the top 20 list of
commodities noted in FAO for 2020)

Reference :FAOSTAT


https://www.fao.org/faostat/en/#rankings/commodities_by_country

Enhanced Vegetation Index

A Derived Data Set: Vegetation Index and Phenology (VIP) Phenology-EVearly Global
0.05Deg CMG V004

A Derived Data Set Cell Size: 0.05 decimal degrees (~5 km)

A Summary Statistic: Mean

A Year: 2000, 2005, 2010, 2015

A Units: Vegetation index value betweenl (least vegetation) and 1 (most vegetation).

Description: The averE?/e vegetation index value at the DHS survey cluster at the time of
measurement (year). EVI composites are produced globally from data collected by the MODIS
sensor on the Terra satellite (MOD13A3). The MODIS EVI products are computed from
atmospherically corrected biZdirectional surface reflectance data that have been masked for
water, clouds, heavy aerosols, and cloud shadows. These data are used for global monitoring
of vegetation condition.

Reference: The Geospatial Covariate Datasets Manuallhe Demographic and Health Surveys Program



Balochistan

Gilgit Baltistan

Enhanced_veg_index_ 2000
(")e34.38 10 865.58

()ee5.58 to 1544.42
15444210 2177.17

217717 10 2372.83
23728310 2653.15

() Missing

2000

Gilgit Balistan

Enhanced_veg_index_ 2010
(Jes4.38 10 865.58

([)ee5.5810 1544.42

([0 1544.4210 2177.17

@ 2177.17t0 237283

@ 23728310 2653.15

D Missing

2010

Balochistan

Gilgit Baltistan

Enhanced_veg_index_ 2005
(()es4.38t0865.58

([Jees.s810 1544.42

[ 1544.42t02177.17

@ 2177.1710 237283

@ 23728310 2653.15

D Missing

2005

Enhanced_veg_index_ 2015
(Je34.38 to 865.58

() 86558 to 1544.42

[ 1544.42 10 2177.17

@ 2177.17 10 2372.83

) 23728310 2653.15

D Missing

2015

Enhanced_veg_index_AARC 2015_2000
44410572

@s72t07.58

@7 s8t01017

B o.1701303

1393102088

(I missing

AARC



Wheat

AThe Gridded Yields data provides gridell yield estimates for
wheat, maize, and rice over the period 1982020 at 0.5 spatial
resolution.

AWheat: Yield estimates are divided into winter wheat and spring
wheat categories, depending on the planting and harvesting
calendar associated with climatic conditions.

Reference:lizumi, T., & Sakai, T. (2020). The global dataset of historical yields for major crops 188116. Scientific Data, 7(1), 97.



Wheat 2000
Woozi0032
Wos2io1.58

B s8t022s

Bzest03.42
[Js4zt0a.78

D Missing

2000

Wheat 2005
Woozto0s2
Wos2io1.58

15810225
2251t03.42
[Ja42t0a7s

[j Missing

2005

Wheat 2015

Boozto0a2
Wos2t01.58

B 15810225
22510342
(34210378

B Missing

2015

Wheat 2020
Woo2t0032
Wos2t01.58
1580225
B2251t03.42
[Ja42t03.78

B Missing

2020

Wheat 2010
Woo2t0032

Wos2t01.58

[ EEREES

Bz225103.42
[Ja42t03.78

G Missing

2010

Wheat_AARC 2000_2020
(] 0.005 to 0.020
[ 0.020 to 0.022
@ 0.022100.037
0037100048
B 004810 0.054

[:] Missing

AARC



Malze

AThe Gridded Yields data provides gridell yield estimates for
wheat, maize, and rice over the period 1982020 at 0.5 spatial
resolution.

AMaize: Yield data are provided separately for major and second
cropping seasons (where maize is grown twice a year).

Reference:lizumi, T., & Sakai, T. (2020). The global dataset of historical yields for major crops 188116. Scientific Data, 7(1), 97.



Gilgit Balfistan

Maize 2000
[Jossto1.61
[J1sito2ss
Deasstoars
@ +13t06.26
Wsasto0r

[ Jmissing

2000

Balochistan

Gilgit Baltistan

Maize 2005
(Joseto 161

[(J161to2ss

[Jassto4.13
1310 6.26
Wsast097

G Missing

2005

Balochistan

Maize 2010
(Joseto 161

[(J161to2ss

[Jassto4.13
1310 6.26
Wsast097

G Missing

2010

Maize 2015
[Josgto 161
[J1s1to255
Dasst04.13
1310626
52510071

[ missing

2015

Maize 2020
[Josgto 161
[J1s1to255
Dasst04.13
1310626
52510071

[ missing

2020

Maize_AARC 2000_2020
1139 10 0.142
@o.142100.176
Bo176t00212
Bo212t00235
0235 t0 0.281

D Missing

AARC



Rice

AThe Gridded Yields data provides gridell yield estimates for
wheat, maize, and rice over the period 1982020 at 0.5 spatial
resolution.

ARice: Yield data are separated into major and second cropping
seasons as well, reflecting different planting and harvesting cycles
typical in tropical and subtropical regions.

Reference:lizumi, T., & Sakai, T. (2020). The global dataset of historical yields for major crops 188116. Scientific Data, 7(1), 97.



Rice 2000

o0t 150
B s0t0273

B273t04.42

B ss2t06.21
[Je2tto11.18
D Missing

2000

Rice 2005

o oto150

Bisow27s

B27310442
@) 44210621

[Je21to11.18
DMissing

2005

Rice 2010

o0t 150
B s0t0273

B273t04.42

B ss2t06.21
[Je2tto11.18
D Missing

2010

Rice 2015

o 0to1s0

B s0t0273

Bz3t0442
4420621

[De21to11.18
DMissing

2015

Rice 2020

o 0to1s0

B s0t0273

Bz3t0442
4420621

[De21to11.18
DMissing

2020

Rice_AARC 2000_2020
([J-0.031 to-0.022

@ -0.022 to 0.000

@ 0.000 0 0.012

W oo16t00.038

D Missing

AARC



Pakistan
Time points: 2000, 2005, 2010, 2015

Disaster and Migration/Displacement (4)

A Regions affected by disasters between 2002023
A Resource: Emdat database

A Regions with IDPs due to Disaster(s) between 2068023
A Resource: IDMC (Internal Displacement Monitoring Centre)

A Number of IDPs by disaster over time
A Resource: IDMC (Internal Displacement Monitoring Centre)

A UN-adjusted population density



Counties affected by Disasters between
2008-2023

Gilgit BaltTstg

d Kashmir

Khyber Pakhtuny

Total of 109 disasters affecting all
regions

Type of hazards (2008-2023)
B Drought + Flood

[ Drought + Flood + Storm
[ Flood

[ Flood + Storm

[ ] No hazard

[ Pakistan provinces

Reference: EmDat database



Counties with IDPs due to Disaster(s)

between 20082023

Khyber Pakhtunk

Balochistan

Reference: IDMG Internal Displacement Monitoring Centre

Number of IDPs (2008-2023)
[] No IDPs reported
[1176-162158

[ 162158 - 432455

I 432455 - 2002737
Bl 2002737 - 7248679
[ pakistan provinces

Atotal of 8 regions impacted



Pakistan
Number of Internally Displaced People by Disaster Over Time
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UN-adjusted Population Density

A Derived Data Set: UNAdjusted Population Density, v4.11 (2000, 2005, 2010, 2015, 2020)
A Derived Data Set Cell Size: 30 arc seconds (~0.00833333 decimal degrees; ~1 km)

A Summary Statistic: Mean

A Year: 2000, 2005, 2010, 2015

A Units: Number of people per square kilometer

Description: The avera?e_UNadjusted population densit)I/Dof the area at the DHS survey cluster
location. Gridded Population of the World, Version 4 (GPWv4) consists loigh resolution estimates

of human population density (number of persons per square kilometer) based on counts consistent
with national censuses and population registers, for the years 2000, 2005, 2010, and 2015. A
proportional allocation gnddm_? algorithm, utilizing approximately 13.5 million national and
subnational administrative units, was used to assign population'counts to ~1 km grid cells. The
population density rasters were created by dividing the population count raster for a given target
year by the land area raster.

Reference: The Geospatial Covariate Datasets Manuallhe Demographic and Health Surveys Program



2000 2005

2010 2015 AARC



