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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 ofl6 (current) regions
(using DHS clusters for GPS coordinates)

A Maps generated for each indicator at 5year
Intervals from 2000 to 2020

A Daily values averaged per year

A Generated maps for the AARC (average annual
rz%tgoof change) for each indicator from 2000 to

A Scale is based on 10 equal intervals
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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/

Ghana
Time points: 2000, 2005, 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.



Wiestem North ‘

D Missing

Max_temp 2000
([J28971029.84
(2984 1030.27
(J30.27 103056
[Js0561031.05
([J31.051031.58
3158 1032.05
5205103282
28210335
3354 03380
380103453

2000

D Missing

Max_temp 2015
[[Jese7t029.84
[J29.84t030.27
[J3027 03056
[J30.56 10 31.05
[Ja1.05t031.58
315803205
@:205103282
3252103354
B:254103380
3380103453

2015

D Missing

Max_temp 2005
(2897102084
[)29.84 103027
[)30.27 03056
[Ja0s6t031.08
3105103158
@ 3158t03205
B:205103282
32.821t0 33.54
3354103380
3003453

2005

Max_temp 2020
((J28971029.84
([J29.84t030.27
([[J30.27 to 30.56
([)30.56 to 31.05
[@)31.05t031.58
@ 3158103205
320503282
32582103354
3354103380
33801034.53

D Missing

2020

Max_temp 2010
()28.971029.84
[)29.84 0 30.27
[J30.27t030.56
([)30.56 031.05
[)31.05t031.58
@31.58 0 32.05
3205103282
3282103354
33.54 10 33.80
3380103453

D Missing

2010

[ missing

Max_temp_AARC
[Jo.023t0 0.041
[[Joo41 100043
[[J0.043 10 0.044
[Jo.044 100,047
([J0.047 1o 0.049
[ 0.04 10 0.056
8 0.056 t0 0.061
006110 0.065
B 0065 100,068
B 0.068 to 0.071

AARC



Maximum temperature
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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.



Upper West

Min_temp 2000
(J22421022.86
(J22:861023.09
([J)23.09t023.27
([J23271023.36
(2336 0 23.57
2357 1023.77
2377102392
239210 24.04
@ 24041024.34
234102517

D Missing

2000

([ missing

Min_temp 2015
[[J22421022.86
[[J22861023.00
[[Jz309t023.27
[J23271023.36
([)23.36 10 23.57
W zs7023.77
B2z r7t023.02
239210 24.04
2204102434
Bz3402517

2015

Min_temp 2005
(J22421022.86
(2286 t023.00
([J23.091t023.27
([J23271023.36
) 2336 10 23.57
2357 1023.77
2377102392
239210 24.04
B 22041024.34
B 2:34102517

C] Missing

2005

([ missing

Min_temp 2020
[[J22421022.86
[[J22861023.00
[[Jz309t023.27
[J23271023.36
([)23.36 10 23.57
W zs7023.77
B2z r7t023.02
239210 24.04
2204102434
Bz3402517

2020

Min_temp 2010
(J22421022.86
([J22.86 0 23.09
(J23.09t023.27
([J23271023.36
(233610 23.57
@2357t023.77
@23771023.92
@ 23921024.04
@22041024.34
2434102517

([ missing

2010

Bono East

D Missing

Min_temp_AARC
(Joo32t00.038
((J0.038 10 0.041
(Jo.041 to 0.042
([Jo.042100.043
0.043 10 0.043
043 10 0.044
@ 0.044 10 0.045
@ 0.0451t0 0.046
i 0.046 10 0.048
W 0.048 10 0.050

AARC



Minimum temperature
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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.



Diurnal_temp 2000 Diurnal_temp 2005 Diurnal_temp 2010
(Js00t05.88 (Js00t05.88 (Js.00t05.88
[(Jse8to6.11 ()s88t06.11 (J)s.88t06.11
[(Je11107.50 (Je11to7.50 (Je11t07.50
[J7s0t07.73 [J7s0t07.73 [J7s0107.73
7730834 @773108.34 @77310834
Me3st08.99 8.34108.99 8.34108.99
[ EEETEEEN @soot0934 Wsv0934
o068 Bo3to068 Wo3¢0968
Wosero0 Bossto1024 @ ossto10.24
B 1024 10 1054 B 024101054 @ 024101054
D Missing D Missing [:] Missing

2000 2005 2010

Diurnal_temp 2015 Diurnal_temp 2020 Diurnal_temp_AARC
(Js.00t05.88 (Js00to5.88 (1)-0.009 t0-0.003
()s88t06.11 ()ss8sto6.11 (]-0.003 to-0.001
[Je11t0750 (Je11t07.50 ((]-0.001 to 0.000
O7s0t07.73 [J750107.73 ([Jo.000 0 0.003
@7.73100834 @7.73108.34 (0.003 to 0.004
@s34108.9 8.34108.99 @0.004 00,011
Bsoot003s @soot09.34 @oo1100016
Bo34tooes Bo34t0968 Woot6100022
@ossto1024 @68 t010.24 0022100027
B 102401054 @ 1024101054 0027 10 0.032
D Missing D Missing D Missing

2015 2020 AARC




Diurnal temperature
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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.



"EH',

Precipitation 2000
(Joo7to0.00
(Jo.ogto0.10
(Jo.10t00.10
[Jot0t00.11
0.11100.12
0.12100.12
@o.12100.13
@o.13100.14
@o.14100.15
Wo.15100.19

U Missing

2000

Upper East

Precipitation 2015
(Jo.o7t00.09
(Jo.ogto0.10
(Jo.10t00.10
[Jo10t00.11
0.11100.12
01210012
@Do.12100.13
@o.13t00.14
@o.14t00.15
@o.15t0.19

2015

Precipitation 2005
(Joo7t00.00
(Joogwo.10
[Jo.10t00.10
[Jotow0.11
0.11100.12
0.12100.12
Do12w0.13
@o.13t00.14
@o.14100.15
@o.15t0.19

D Missing

2005

Precipitation 2020
(Jo.o7t00.09
(Joostoo.10
[Jo.10t00.10
[Jo.10t00.11
0.11100.12
0.12100.12
@o12w00.13
@o.13t00.14
@o.14t00.15
Wo.15t00.19

Precipitation 2010
(Joo7t00.00
(Joosto0.10
(Jo10wo0.10
Jo10w0.11
[Jo.11t00.12
@o.12100.12
@o.12100.13

Wo13w0.14
@o.14t00.15
@o1500.19
Missing

2010

2020

=

Savannah

AR

Precipitation_AARC
[Jo.000 to 0.001
([Jo.001 0 0.001
(Jo.001 to 0.001
[ Jo.001 to 0.001
() 0.001 10 0.001
(3 0.001 to 0.001
@ 0.001 to 0.001
B 0001 10 0.001
@ 0001 0 0.001
0001 w0002

D 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
[Jo20t00.22
(Jo22t00.24
[Jo24t00.25
(Jo2st0.29

[Do3ot032
@o32100.36
@o36t00.38
@038 0040
@o40t0043

D Missing

2000

Soilmoisture 2005
[Jo20t00.22
(Jo22t00.24
[Jo24t00.25
(Jo2st00.29

[Do30t00.32
@o32t00.36
@o36t00.38
@o.38100.40
@o40t0043

D Missing

2005

Upper West

Soilmoisture 2015
(Jo20t00.22
(Jo22100.24
(Jo24w00.25
(Jo25100.29
(Jo29100.30
[Jo3oto032
@o32100.36
0.36100.38
@o.38100.40
Wo4010043
Missing

2015

Soilmoisture 2020
(Jo20t00.22
(Jo22100.24
(Jo24t00.25
([Jo25100.29
2910 0.30
([Jo30t00.32
Bo3210036
@o.36100.38
@o.38100.40
@ o.40100.43

Soilmoisture 2010
(Jo20t00.22
(Jo22t00.24
[Jo24w00.25
(Jo2st0029
_J0.29100.30
[Jo3ow0.32
@o32100.36
@o36100.38
@038 100.40
Wo40t0043

D Missing

2010

2020

Upper East

Soilmoisture_AARC
(7)-0.000 0 0.000
()o.000 to 0.000
(Jo.000 to 0.000
[)o.000 te 0.000
() o.000 te 0.001
0.001 to 0.001
B9 0.001 o 0.001
B9 0.001 10 0.001
0001 0 0.001
0001 0 0.001

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.



Upper East

Savannah

Bono East
Bono

Relative_humidity 2000
([)50.44 10 55.75
[()s5.751059.96
()s9.96t065.15
(Jes.15t071.18
(J71.18t073.80
(J7380t077.23
(772310 79.46
@ 79.46 10 80.96
eo.96t08254
Bs2541085.13

D Missing

2000

Upper East

Relative_humidity 2015
()s0441055.75
([)s5.75t059.96
([J)59.961065.15
(Jes.15t071.18
71.18 10 73.80
(7380107723
@ 77.231079.46
() 79.46 to 80.96
@ 80.96 to 82.54
@s2541085.13

D Missing

2015

Upper East

Relative_humidity 2005
()50.44t055.75
([)55.751059.96
()59.96t065.15
(Jes.15t071.18
71.18 0 73.80
[J7380t077.23
7723107946
@) 79.46 10 80.96
@ s0.96 to 82.54
@s2541085.13

D Missing

2005

Upper East

Relative_humidity 2020
(()50.441055.75
(()55.751059.96
()59.96t065.15
(Jes.15t071.18
71.181073.80
([)7380t077.23
) 77.23t079.46
() 79.46 10 80.96
@) 80.96 to 82.54
@ s254 0 85.13

D Missing

2020

Upper East

Relative_humidity 2010
()s0441055.75
([)55.751059.96
([)59.96t065.15
(Jes.15t071.18

([)7380t077.23
@ 77.23t079.46
(@ 79.46 0 80.96
@ 80.96 t0 82.54
@s2541085.13

G Missing

¥

Eastern
/estern North

2010

Relative_humidity_AARC
(7)-0.040 10 -0.026
([)-0.0260-0.015
(J-0.015t0-0.011
([)-0.011 to -0.006
([)-0.006 to -0.001
(@ -0.001 t0 0.006
(@ 0.006 t0 0.027
@ 0.027 t0 0.050
{9 0.050 to 0.061
0051 t00.075

([ 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.



Upper East
o m

Ve

[ missing

Wet_bulb 2000
[J20s58102154
[J2154 102206
[[J22.08 02258
[J2258t022.88
[ 22.88 10 23.11
2311102350
23.50 10 23.72
B :372 102406
206102428
Bze28t02473

2000

Wet_bulb 2015
(2058102154
([J21.54 10 22.08
(220602258
(2258102288
2288 10 23.11
2311102350
2350102372
2372102406
2406102428
W2:28102473

O Missing

2015

Upper East
o m

[ missing

Wet_bulb 2005
[J20s58102154
[J2154 102208
[[J22.06 to22.58
[J22581022.88
[ 2288 10 23.11
2311102350
23.50 10 23.72
2372102408
20602428
Bzi28t02473

2005

Upper East

Upper West

R

Fx

Wet_bulb 2020
(2058102154
()2154 102206
(J22.06 02258
([J2258102288
2288102311
@ 23.11 10 23.50
235002372
2372102406
2206102428
B2¢28102473

([Dmissing

2020

Wet_bulb 2010
(J2058t021.54
([J21.541022.08
([J2206 022558
([J)22581022.88
2288102311
@23.11102350
235002372
2372102406
2406102428
2428102473

([ missing

2010

Wet_bulb_AARC
(Jo.029t0 0.033
(Jo.033t00.035
(Jo.035t00.036
([[Jo.036 0 0.036
036 10 0.038
0.038 t0 0.039
@ 0.039100.039
@ 0.039 0 0.041
W 0.041t00.043
W 0043t00.044

D Missing

AARC



Ghana
Time points: 2000, 2005, 2010, 2015, 2020

Agriculture (3)
AEnhanced vegetation index

ACrops T maize & rice (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, 2020 Units:

A 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



Enhanced_veg_index_ 2000

[Jo22t0025
[Jo2swo27
[Jo270020
[Jo29t0034

Wosow0s2

[DMissing

Enhanced_veg_index_ 2015
(Joz2t0025
[Jo2sto027
[Jo2710029
[Jo29t0034
[Do:3at0037
o37t0042
Bo42t0044
Wosiw0ss

Wosow0s2

[DMissing

2000

2015

Enhanced_veg_index_ 2005
(Jo22t0025
[Jo2sw027
(Jo27w0029
[Jo29t0034
Dostwo037
Wos7wo042
Bo42t0044
o4 wo04s

Wosowo0s2

[Dmissing

Enhanced_veg_index_ 2020
[Jo22t0025
[Jo2st0027
[Jo27t0029

Bos7w0042
Bos210044
Bosst0046

Wosot0s2

[DMissing

2005

2020

Enhanced_veg_index_ 2010
[Jo22t0025
[Jo2st0027

Bosrt0042
Bos210044
Bos4t0046

Wosot0s2

[DMissing

Enhanced_veg_index_AARC
[J-000t0-0.00
[[)-0.00t0-0.00
[)-000t0-0.00
[[)-0.00t0-0.00
[@-0.00t0-0.00
@ -000t00.00
00010000
@ o.00t000
B o.0te000
Wo.00te000

[DMissing

2010

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.



Upper East

Maize 2000
[Josotoo.s7
[Jos7to1.01
[J101t01.22
12210137
[J137t01.63
@ 163t01.77
B177t01.99
19910209
20510224
22410238

[DMissing

2000

Maize 2015
[Josoto0s7
[Jos7to1.01
[J101t01.22
[J122t01.37
13710 1.63
@163t01.77
@1 77t01.99

19910209
20910224
22410238

D Missing

2015

Maize 2005
[Josoto0.s7
[Jos7to1.01
[(J101101.22
[J122t01.37
[D137t01.63
@163t01.77

@1 77t01.99
@ 19910209
20910224
24102.38

D Missing

2005

Maize 2020
[Jossto0.s7
osrto1.01
[J10tt01.22
12210137
13710163
6310 1.77
1770199
19910209
209102.24
Wzz¢t0238
DM\ssing

2020

Maize 2010
[Josotoos?
[Jos7to1.01
(J101101.22
[J122t0137
[J137t0163
@ 163t01.77
@177t01.99

19910209
20910224
224102.38

[:] Missing

2010

Upper West

DM\ssmg

Maize_AARC

(] 0.006 to 0.008
(] 0.009 t0 0.008
[Jo.009 10 0.010
[Jootowo.014
[Jootawo.017
Booi7wo.019
B oo19100.020
0.020 0 0.027
027 10 0.035
035 10 0.039

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

B8
[ EESPAT]

B2110229
22910244
24410254
25410267
@26710290
@290t03.06
30610333
[J333103.80

C] Missing

2000

Rice 2015

Bisitorss
B0z

Bziiw0229
B:2t0240
Bzs1025
Bzs5410267
Wzs7t0290
@290103.06
[J30810333
[EEEICEEY

D Missing

2015

Rice 2005

Bs10186
[ EEEPAT]
B2110229

22910244
24410254
25410267
@26710290
@290103.06
30610333
(J)33310380

C] Missing

2005

Rice 2020

Bisitorss
Bz

Bziiw0229
B:2t0240
Bzs1025
Bzs5410267
Wzs7t0290
@290103.06
(30610333
[EEEICEEY

D Missing

2020

Rice 2010
[ RERRUREN
18610 2.11
B0z
22910244
24410254
B2s4t0267
W z67t02.90
29010 3.06
[Daosto333
[Ja33t03.80
DM\ssing

2010

DM\ssmg

Rice_AARC

[Jooor 0,012
[Joo12to0.024
[ Jo.024 o 0.038
[J0.036 to 0.038
0038 10 0.042
B 0.042 to 0.048
0048 0 0.055
[ 0.055 100,059
[ 0.059 to 0.065
006510 0.070

AARC



Ghana
Time points: 2000, 2005, 2010, 2015, 2020

Disaster and Migration/Displacement (4)

A Counties affected by disasters between 20082023
A Resource: Emdat database

A Counties with IDPs due to Disaster(s) between 2008023
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

Total of83 disasters affecting 13 regions

ooooo

Reference: EmDat database



Counties with IDPs due to Disaster(s)
between 20082023

15 counties impacted

Reference: IDMG Internal Displacement Monitoring Centre



Reference: IDMG Internal Displacement Monitoring Centre



