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Figure 1. Displacement from natural disasters (blue) and conflict ( ) in 2020
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Researchers Link Syrian Conflict to a
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Figure 2: Is this true?
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Climate Change and Rising Food Prices Heightened
Arab Spring

The effects of climate change on the food supply exacerbated the underlying
tensions that have led to ongoing Middle East instability

Environment

If the Arab Spring taught us something, it is that the effects of climate change
can serve as stressors, contributing to regional instability and conflict, experts

said.

In a report published last week, researchers from the Center for American
Progress, the Center for Climate and Security and the Stimson Center
examined the role of climate change in the Middle East's upheaval during 2010
and 2011. Looking at long-term trends in rain, crops, food prices and
migration, they were able to determine how these factors contributed to social

instability in the region.

"The Arab Spring would likely have come one way or another, but the context

in which it did is not inconsequential. Global warming may not have caused

the Arab Spring, but it may have made it come earlier," the report says.

The Middle East and North Africa region is extremely vulnerable to
fluctuations in food supplies and prices. According to the report, with little

arable land and scarce water supplies, the region is one of the top food

Figure 3: Let's look into this
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Overview
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What do we mean by “climate and weather”?
1. Long-term climate trends
a) changes in average surface temperature
b) changes in average precipitation
c) sea level rise
d) sea ice melt EXTRENE WIND WARNINGS ISSUED ACROSS SOUTHERN FLORIDA
2. Short-term weather “shocks” carecony Y e — [
a) unusually hot/cold weather
b) unusually dry/wet weather
3. Dlscrete weather events
a) extreme weather (e.g. storms, tornadoes)
) visibility obstructions (e.g. clouds, haze)
) floods
d) droughts
)

Figure 4: The storm is coming?

tsunamis
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Overview Applications of Meteorological Data to the Study of Conflict

Applications of Meteorological Data to the Study of Conflict
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Overview Applications of Meteorological Data to the Study of Conflict

Climate change as a driver of armed
conflict and violence

1. Direct links between temperature,
precipitation and political violence
(Kevane and Gray 2008, Hendrix and
Salehyan 2012, Levy and Sidel 2014,
Mares and Moffett 2016)

2. Indirect effects on violence, through
migration, resource competition,
food insecurity (Ash and Obradovich e
2020, Jones et al. 2017) Figure 5: A cause of war?

3. Impacts on social unrest in specific
settings, like urban areas (Koren et
al. 2021, Koubi et al. 2021)
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Overview Applications of Meteorological Data to the Study of Conflict

Short-term weather and violence
1. Cloud cover as instrumental variable

U
for drone strikes (Mahmood and LT
Jetter 2019, Saeed and Spagat 2021) . TSl
2. W i 7 N 4
e.ather shocks. as instrumental w Xl y
variable for famine (Rozenas and
Zhukov 2019) Figure 6: W is the instrumental variable

3. Rainfall shocks as instrumental
variable for economic growth (Miguel
et al 2004, Miguel and Satyanath
2010, Sarsons 2015, Mellon 2023)

Yuri M. Zhukov API-231 / GIS-PubPol / 19



Overview Applications of Meteorological Data to the Study of Conflict

What do we know?
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Figure 7: There is a positive correlation between higher temperatures and violence
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Overview Applications of Meteorological Data to the Study of Conflict

At the macro level, civil conflict is more likely in hotter, drier times

Civil conflict onset (Global) Civil conflict onset (Global tropics) Civil war incidence (Africa)
Pixel-by-year: N = 3,809,432 Annual observations: N = 54 Country-by-year: N = 1,049
Levy et al. (2005) Hsiang et al. (Nature, 2011) Burke et al. (PNAS, 2009)
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Figure 8: Around the globe Figure 9: Conflict in tropics Figure 10: Civil wars in Africa
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Overview Applications of Meteorological Data to the Study of Conflict

Communal and inter-group conflict also more likely in climate-stressed times

Political_& inter—group violence (Kenya) Political & inter-group violence (East Africa) Redistributive inter—group conflict (Brazil)
Plxel—l?y—year: N = 13,520 Pixel-by-month: N = 91,656 Municipality-by-year: N = 50,521
Theisen (JPR, 2012) O’Laughlin et al. (PNAS 2012) Hidalgo et al. (REStat, 2010)

100

o

=)
@
=)

50

N
S

n
=)

< -50 /

Risk of conflict onset
% of mean)
o
Risk of conflict onset
(% of mean)
Land invasion risk
(% of mean)

-20
-05 -0.25 0 0.25 0.5 -2 = 0 1 2 -1 1 2
Pixel Temperature Pixel Temperature Municipality Rainfall Deviation
(Anomaly in °C) (Anomaly in °C) (Absolute value in o)
Figure 11: In Kenya Figure 12: In East Africa Figure 13: In Brazil
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Overview Applications of Meteorological Data to the Study of Conflict

Similar correlations with other types of unrest across the globe

Political leader exit (Global) Riot, political & inter-group violence (Africa) Inter—group riots (India)
Country-by-year: N = 5,491 Country-by-year: N = 1,344 State-by-year: N = 206
Burke (BEJM, 2012) Hendrix & Salehyan (JPR, 2012) Bohlken & Sergenti (JPR, 2010)
60
@
20 2 kel
S = 40
- [
% 3 40 £
© - 10 =~ 2 =
= C cCc
D o ol Sa
T o 50 | Q 0
SE S E s E
= 0 e 20 T
5 © 60 £°
x 2 52 e —40
8= o> 5
o -10 = N
: 2
-20 E 80
z
-20
-1 0 1 -1 0 1 2 3 -40 -20 . 0 20
Country Temperature Country Rainfall Deviation State Rainfall Losses
(Anomaly in “C) (Absolute value in c) (% change from prior year)
Figure 14: Regime change Figure 15: Riots in Africa Figure 16: Riots in India
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Overview Applications of Meteorological Data to the Study of Conflict

As well as for crime, sexual assault and other violence in the U.S.

Violent personal crime (USA) Rape (USA) Violent inter-group retalitation (USA)
Jurisdiction-by-week: N = 26,567 County-by-month: N = 1,434,832 Play-by-day: N = 595,500
Jacob et al. (JHR, 2007) Ranson (JEEM, in-press) Larrick et al. (PS, 2011)
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Figure 17: Crime in U.S. Figure 18: Rape in U.S. Figure 19: Fights at stadiums
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Overview Applications of Meteorological Data to the Study of Conflict

Correlation # causation
1. Emerging consensus that climate
change by itself does not “cause”

conflict (Hsiang and Burke 2014, e
Van Uexkull and Buhaug 2021) T v

2. Effect is likely indirect, though
mechanisms like:

a) demographic changes (McAdam
2017, Dorward and Fox 2022, :
Koubi et al 2021) S

b) resource competition (Njiru 2012, Figure 20: Demographic time bomb?
Harvey and Pilgrim 2011)

c) youth bulges (Barakat and Urdal
2009, Nordas and Davenport 2013)

d) migration (Adamson 2006,

Nagabatla et al 2021, Nordas 2014,
Menashe-Oren 2020)

e) state capacity (Koren and Sarbahi

2018)
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Overview
Varieties of Meteorological Data

Varieties of Meteorological Data
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Overview
Varieties of Meteorological Data

Historical weather & climate raster data (partial list)

Source/link Spatial resolution Frequency Availability  Free? Global?
NOAA 0.5 x 0.5 degree Monthly 1900-2014 v v
CRUTS 0.5 x 0.5 degree Monthly 1901-2022 v
ERA5 0.25 x 0.25 degree Hourly 1940-Present v v
GLDAS 0.25 x 0.25 degree Hourly 1948-Present v v
FLDAS 0.1 x 0.1 degree Monthly 1982-2016 v v
TerraClimate 0.04 x 0.04 degree Monthly 1958-2023 v v
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https://psl.noaa.gov/data/gridded/data.UDel_AirT_Precip.html
https://www.nature.com/articles/s41597-020-0453-3
https://cds.climate.copernicus.eu/cdsapp#!/dataset/reanalysis-era5-single-levels?tab=overview
https://disc.gsfc.nasa.gov/datasets/GLDAS_NOAH025_3H_2.1/summary?keywords=GLDAS
https://disc.gsfc.nasa.gov/datasets/FLDAS_NOAH01_C_GL_MC_001/summary?keywords=FLDAS
https://www.climatologylab.org/terraclimate.html

Overview
Varieties of Meteorological Data

Climate model future predictions (partial list)

Source/link Spatial resolution Free? Global?
CESM / CIME 0.5 x 0.5 degree v v
GFDL-ESM 1 x 1 degree v v
MPAS Voronoi mesh v v
GISS Model E, E2R 1 x 1 degree v v
E3SM v2 1 x 1 degree v v
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https://www.cesm.ucar.edu/models/cesm2
https://www.gfdl.noaa.gov/earth-system-models/
https://geomodeling.njnu.edu.cn/modelItem/703356b1-7835-413a-9724-ee0e8b5fcf6c
https://geomodeling.njnu.edu.cn/modelItem/b677eb55-2f54-4a70-abd3-ca08f7e5eb07
https://e3sm.org/model/scientifically-validated-configurations/v2-configurations/

Overview
Varieties of Meteorological Data

Greenhouse gas emissions (partial list)

Source/link Spatial resolution Frequency Availability  Free? Global?
EDGAR 0.1 x 0.1 degree Annual 1970-Present v v
ESS-DIVE 1 x 1 degree Annual 1751-2013 v v
Global Carbon Atlas City-level Annual 1960-Present v v
EPA-FLIGHT Facility-level Annual 2010-Present v
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https://edgar.jrc.ec.europa.eu/
https://data.ess-dive.lbl.gov/view/doi:10.3334/CDIAC/FFE.NDP058.2016
https://globalcarbonatlas.org/emissions/city-emissions/
https://ghgdata.epa.gov/ghgp/main.do

Overview
Varieties of Meteorological Data

Extreme weather events (partial list)

Source/link Spatial resolution  Availability  Free? Global?
NOAA Storm Events Points 1950-2023 v

EM-DAT Points, admin units  1988-Present v v

GDIS Points (centroids) 1960-2018 v v
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https://www.ncdc.noaa.gov/stormevents/ftp.jsp
https://doc.emdat.be/
https://sedac.ciesin.columbia.edu/data/set/pend-gdis-1960-2018/data-download

Overview
Varieties of Meteorological Data

Words of caution

1. Existing research conceptualizes
climate change and conflicts in
diverse ways (Meierding 2013,
Raleigh and Urdal 2007, Sharifi et al
2021, Van Uexkull and Buhaug 2021)

2. Complexity of causal pathways,
patchy data, disagreement over
measurement, analytical approaches
(Adams et al 2018, Sakaguchi et al N_/\/\/O
2017, Sheffran et al 2012) 5

3. Differences in assumptions, data &
methods lead to vastly different
conclusions (Hsiang and Burke 2014,
Buhaug et al 2014, Van Uexkull and
Buhaug 2021)

Figure 21: The answer is “it depends”
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Vignettes

Vignettes
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Vignettes

Overview of lab exercise

1. Changes in summer temperatures by country
2. Drought severity and violence during the 2011 Arab spring
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Vignettes

We will compare average monthly high temperatures in July 2023 to July 1958

Layers CE]
v@awT £ 3= e
-» TerraClimate_tmax 19!

Band 07: time=21365 (days s

I -50.45

~ V| ¥ TerraClimate_tmax_202
Band 07: time=45106 (days s
524

Figure 22: Vignette 1 / Step 1
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Vignettes

And calculate a new raster that shows where the changes were lowest/highest

Layers EE]
e 3= g

tmax_diff
nd 1 (Gray)
11.76

I ~11.690001

¥ Terraclimate_tmax_195
» ) ¥ Terraclimate_tmax_202.

Figure 23: Vignette 1 / Step 2
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Vignettes

We will then aggregate these changes by country, to see who was most affected

Layers EE Dataplotly 2g|
Q «=m|
v
v
vill2- o
vi4-6 B
v[]6-679
[E ne_110m_admin_o_countries o
» ¥ tmax_diff
» [ ¥ Terraclimate_tmax_1958 o
» ¥ TerraClimate_tmax_2023 .
* > w0
Statistics e®
tmax_diff - £
5 S a0
1.2 tmaxdiff_mean -]
Statistic Value =
Mean 1.7696 =
Median 1.71887
10
St dev (pop) 1.28852
Stdev(sample) 129218
= o s g
Minimum -2.95956
it mean
Maximum 6.78843
Range 974799
Selected featuresonly o & ..., SReload | || Dynamically update size AIEN

Figure 24: Vignette 1 / Step 3
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Vignettes

We will then calculate yearly averages of severe drought indices

L”ye'ji S SnE ©% | @)\~ Raster calculator: Calculation complete. 1more €~
CawY

(Gray)
12.164166

I -13.466667

~ IV ¥ Terraclimate_PDSI_2010
ime=4

4
=40236 (days si

Il Band 03: time:
v/ [ mena
v [[] ne_110m_admin_o0_countrie
» [ 9 tmax_diff
» [] # Terraclimate_tmax_1958
» [ # Terraclimate_tmax_2023
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vi[]-1.13--056
vi[]-056-0
v/[Jo-o0s6
v []os6-1.13
vl 113169
, tmax_diff
» ] # pdsi_2010_mean
» [] ¥ Terraclimate_PDSI_2010
Wl mena
v/ [[] ne_110m_admin_0_countrie
» [ 3 tmax_diff
» [ ¥ Terraclimate_tmax_1958
» [ ¥ Terraclimate_tmax_2023

Vignettes

vector layer to

pbox/HKS/Teaching/API231/Probl

Yuri M. Zhukov

API-231 /

will extract drought indices for the Middle East and North Africa

Layers

Processing Toolbox
* e

®
®

zonal
Recently used
- Q Raster analysis
Raster layer zonal statistics
Zonal histogram
Zonal statistics
~ @ GRASS
~ Raster ()
@ rstats.zonal




Vignettes

And will see if countries more affected by drought saw more violence in 2011

Layers Dataplotly 2g|
CaOTE-BAD I
r M Q a=m
v [ -1.13--056 -
v % 056-0
v/[Jo-0s6 1000
v []os6-1.13 (‘<(72.695555 932)

o ° e
° °
o @@ Qo000 0 ®@ o °
1 o 2

Pasi2010 mean

SReload | || Dynamically update size A

Figure 27: Vignette 2 / Step 3
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Vignettes

We can obtain monthly mean high temperature data from
climatologylab.org/terraclimate.html

TerraClimate - Climatolo X+

> C O & https//www.climatologylab.org/t

Climatology Lab

HOME TEAM PRODUCTS TEACHING

TERRACLIMATE

Monthly Mean High Temperature, Aug 2015
= -



https://www.climatologylab.org/terraclimate.html

Vignettes

There are several types of data here. See the “guide for dataset abbreviations”

TerraClimate - Climatolo X+

¢} O & hty climatologylab.org/t:

Netcdf files from THREDDS web server (guide for dataset abbreviations)

Individual years (1958-present)

2. Aggregated years (1958-present)

3. Individual years for +2C climate futures
4. Individual years for +4C climate futures

5. Climatologies (1961-1990 and 1981-2010; and +2C and +4C future scenarios)

Read me first: Best practices for accessing our datasets
Download individual netCDF files for individual variables and years
1. directly from data catalogs
using wget script tool to batch download files

Download subsets and point data using THREDDS web services

OPeNDAP and these example scripts

1. rectangular subsets (MATLAB, Python, and R [alternative R version])

point

1 (MATLAB, Python, and R)
using NCSS and these example batch scripts for subsets and points
3. Google Earth Engine

an account'




Vignettes

We want tmax (mean high temperatures) and PDSI (drought index)

TERRACLIMATE Variable X+

¢} O 8 hty climatologylab.org;

HOME TEAM PRODUCTS TEACHING

TERRACLIMATE VARIABLES

The following variables are provided for download as 30-year climatological monthly summaries or monthly data for

each year (1958-present). Data are available on NKN THREDDS servers or through Google Earth Engine. Note that

DF. Be sure to ref

data come as compressed net rence scale_factor and offset commands when looking at the data.
aet (Actual Evapotranspiration, monthly total), units = mm

def (Climate Water Deficit, monthly total), units = mm

pet (Potential evapotranspiration, monthly total), units = mm

ppt (Precipitation, monthly total), units = mm

q (Runoff, monthly total), units = mm

soil (Soil Moisture, total column - at end of month), units

mm

srad (Downward surface shortwave radiation), units = W/m2

swe (Snow water equivalent - at end of month), units = mm

tmax (Max Temperature, average for month), units = C

tmin (Min Temperature, average for month), units = C
vap (Vapor pressure, average for month), units = kPa
ws (Wind speed, average for month), units = m/s

vpd (Vapor Pressure Deficit, average for month), units = kpa

[PDSI (Palmer Drought Severity Index, at end of month), units = unitless |
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Vignettes

Let's download the “Individual years” data

TerraClimate - Climatolo X+

> C O & hty climatologylab.org/t:

Netcdf files from THREDDS web server (guide for dataset abbreviations)

Individual years (1958-present)

2. Aggregated years (1958-present)
3. Individual years for +2C climate futures
4. Individual years for +4C climate futures

5. Climatologies (1961-1990 and 1981-2010; and +2C and +4C future scenarios)

Read me first: Best practices for accessing our datasets
Download individual netCDF files for individual variables and years
1. directly from data catalogs
using wget script tool to batch download files

Download subsets and point data using THREDDS web services

OPeNDAP and these example scripts

1. rectangular subsets (MATLAB, Python, and R [alternative R version])

point data (MATLAB, Python, and R)

using NCSS and these example batch scripts for subsets and points

3. Google Earth Engine

> htt;

pss//earthengine.google.com/new_signup)




Vignettes

The file naming convention is TerraClimate_[variable] _[year] .nc. Go to
TerraClimate_tmax_2023.nc

TerraClimate - Climatolo: X Catalog http://thredds. x
> C O @ thredds.northwestknowledge.net: Q search
Terraclinate_tnin 196.nc 199.6 Mbytes 2023-03-2M17:57:172
Terraclinate tmin 1963.nc 190.7 Moytes 2023-03-27T17:57: 102

rraclinate_tnin 1962.n 190.8 Moytes 2023-03-27T17:57:047
TerraClimate tmin 1961.nc 191.0 Mbytes 2023-63-27T17:56:58Z
TerraClinate tnin 1960.nc 190.7 Mbytes 2023-03-27T17:56:512
TerraClinate tain 1959.nc 190.8 Mbytes 2023-03-27T17:56:462
TerraClinate tain 1958.nc 199.7 Mbytes 2023-03-27T17:56:402
Terraclinate [EFT 2023.nc 95.50 Mbytes 2024-02-17700:57:367
TerraClinate teax 2022.nc 95.52 Moytes 2023-04-22704:07:067
TerraClimate_tmax 2021.nc 95.49 Mbytes 2023-63-27T19:06:46Z
TerraClinate_tnax 2020.nc 95.43 Mbytes 2023-03-27T18:39:332
TerraClinate tnax 2019.nc 93.71 Mbytes 2023-03-27T18:39:202
TerraClinate tnax 2018.nc 93.34 Mbytes 2023-03-27T18:39:262
Terraclinate teax 2017.nc 93.15 Mbytes 2023-03-27T18:39:232
Terraclinate teax 2016.nc 93.13 Moytes 2023-03-27T18:39:202
TerraClimate tmax n 189.1 Mbytes 2023-03-27T18:39:17Z
erraClinate taax 2014.n 189.3 Moytes 2023-03-27T18:39: 107
TerraClinate_tnax 2013.nc 189.0 Mbytes 2023-03-27T18:39:042
TerraClinate tnax 2012.nc 189.1 Moytes 2023-03-27T18:38:562
TerraClinate tnax 2011.nc 189.2 Mbytes 2023-03-27T18:38:522
Terraclinate tnax 2010.nc 189.4 Moytes 2023-03-27T18:38:452
TerraClinate teax 2009.nc 189.0 Moytes 2023-03-27T18:38:392
Terraclinate taax 2008.n 189.1 Moytes 2023-03-27T18:38:322
e o AT 2023-03-27T18:38:267

thredds northwestknowledge.net:8080/thredds/catalog/ TERRACLIMATE_ALL/data/catalog html2dataset=TERRACLIMATE_ALL_SCAN/data/TerraClimate_tmax_2023.n

~ v [ Highlight AU [J Match Case [] Match Diacritics [] Whole Words 1 of 66 matches

Yuri M. Zhukov API-231 / GIS-PubPol




Vignettes

Download this file through the HTTPServer link

TerraClimate - Climatolc Catalog Services

O @ thredds.northwestknowledge.net:

i : ]@ Northwest Knowledge Network (NKN) - THREDDS Server

THREDDS Data Server

« Data format: netCDF
* Daa size: 5550 Moyes
« Data
« Naming Aumomy northwestknowledge.net
« ID: TERRACLIMATE_ALL_SCAN/data/TeraClimate_tmax_2023.nc

Access:

1. OPENDAP: /ihredds/dodsC/TERRACLIMATE_ALL/ata/TerraClimate_tmax_2023.nc
2 TTPServer st b 1SS IALE £ |ttt L L
3. NetcdfSubset: ihredds/ncss/grd/ TERRACLIMATE_ALL/data/TerraClimate._tmax_2023.nc
& WCS: MredesMCA TERRACLMATE. ALLdataToraCimate. s 202

5. WMS: /ihreddswms/TERRACLIMATE_ALL/data/TerraClimate_tmax_2023.nc

6. 1S0: Ahredds/iso TERRACLIMATE_ALL/dataTerraClimate_tmax_2023.n

2 UDDC: Anreddeiac TERRACUINATE, ALLiGata TeraCimate ima. 2073 nc

Dates:

« 2024.02-17T0057:36Z (modified)
Viewers:

« Godiva (browser-based)

(CDF-Java ToolsUI (webstart)
« Integrated Data Viewer (IDV) (webstart)

LL/data/TerraClimate_tmax_2023.nc

080/thredds/fileServer/ TERRACLIMAT!

Yuri M. Zhukov API-231 / GIS-PubPol




Vignettes

Do the same for the 1958 temperature data TerraClimate_tmax_1958.nc

TerraClimate - Climatolc Catalog Services

O @ thredds.northwestknowledge.net:

i : ]@ Northwest Knowledge Network (NKN) - THREDDS Server

THREDDS Data Server

« Data format: netCDF
* Daa size 1687 Moyes
« Data
« Naming Aumomy northwestknowledge.net
« ID: TERRACLIMATE_ALL_SCAN/data/TeraClimate_tmax_1958.nc

Access:

1 OPENDAP: RveciakiodsCITERRACLIMATE. ALL/da/TeraCirae_max_1950.0c
2 HTTPServer: ixecdseSener IERRACLNATE AL Gaa/Tonacite

3. NetcdfSubset: hvedds/ncss/grid TERRACLIMATE_ALL/data/TerraClimate._tmax_ oo
& WCS: MvedashCA TERRACLMATE. ALLdataTeraCimte. s 195

5. WMS: /ihreddswms/TERRACLIMATE_ALL/data/TerraClimate_tmax_958.nc

6. 1S0: Ahredds/iso TERRACLIMATE_ALL/dataTerraClimate_tmax_1958.n

2 UDDC: Anredde e TERRACUINATE, ALLitata TemaCimate. imas 1958 nc

Dates:

« 2023.03-27T18:33:18Z (modified)
Viewers:

« Godiva (browser-based)

(CDF-Java ToolsUI (webstart)
« Integrated Data Viewer (IDV) (webstart)

LL/data/TerraClimate_tmax_1958.nc

080/thredds/fileServer/ TERRACLIMAT!
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Vignettes

And the 2010 drought index data TerraClimate_PDSI_2010.nc

TerraClimate - Climatolc Catalog Services

O @ thredds.northwestknowledge.net:

i : ]@ Northwest Knowledge Network (NKN) - THREDDS Server

THREDDS Data Server

« Data format: netCDF
* Dam size 152 Moyes
« Data
« Naming Aumomy northwestknowledge.net
« ID: TERRACLIMATE_ALL_SCAN/data/TeraClimate_PDS|_2010.nc

Access:

1 OPENDAP: RveciakiodsCITERRACLIMATE.ALL/dalaTeraClerate_PDSI_20101c
2 HTTPServer: ixecdseSener IERRACLNAIE AL GaTonaCite 2010,

3. NetcdfSubset: hvedds/ncss/grid/ TERRACLIMATE_ALL/data/TerraClimate._ ) “2ot0m
& WCS: MvedesheA TERRACLMATE AL dataToraCimass PDSI 2010

5. WMS: /ihreddsiwms/TERRACLIMATE_ALL/data/TerraClimate_PDSI_2010.nc

6.1S0: AMredds/iso TERRACLIMATE_ALLdata/TerraClimate_PDSI_2010.nc

7. UDDC: fthredds/uddc/TERRACLIMATE_ALUdata/TerraClimate_PDSI_2010.nc

Dates:

« 2023.04-24T20:43:20Z (modified)
Viewers:

« Godiva (browser-based)

(CDF-Java ToolsUI (webstart)
« Integrated Data Viewer (IDV) (webstart)

LL/data/TerraClimate_PDS|

080/thredds/fileServer/ TERRACLIMAT!
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We will use global country-level boundaries data from naturalearthdata.com

Terraclimate - Climatolo: X [ Catalog Services X Natural Earth» Downloads - X +

(] O w.naturalearthdata.com/downlo

Free vector and raster map data at

N = F 10m, 1:50m, and 1:110m scales

Search

Home  Featres  Downloads  Blog  lssues  Corrections  About
Downloads

Data themes are available in three levels of detail. For each scale, themes are listed on Cultural, Physical, and Raster category pages.
Stay up to date! Know when a new version of Natural Earth is released by subscribing to our [Rnouncement ist].

Overwhelmed? The Natural Earth quick start kit (219 mb) provides a small sample of Natural Earth themes styled in in a QGIS
document. Download all vector themes as SHP (576 mb), SQLite (423 mb), or GeoPackage (436 mb).

Itis free for use in any

De of project. Full Terms of

Natural Earth is the creation of many volunteers and is supported by NACI
U

[Large scale data,

‘The most detailed. Suitable for making zoomed-in maps of countries and regions. Show the world on a large wall poster.

1:10,000,000
17 =158 miles
1cm = 100 km

[Medium scale data, 1:50m

Yuri M. Zhukov
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Vignettes

We want the “Small scale data, 1:100m". Click on the Cultural link

Terraclimate - Climatolo: X [ Catalog Services X Natural Earth» Downloads - X +

[¢] O 8 https://www.naturalearthdata.com/downlo

[Medium scale data, 1:50m |

New York,).

Physicall

Suitable for making zoomed-out maps of countries and regions. Show the world on a tabloid size page.

1:50,000,000
17 =790 miles
1 cm = 500 km

Small scale data, 1:110m

New York

tural] [Physical

Suitaby tor globe.
Click o view file listing. Files have been downloaded 913,000 time:

111
17 = 1,736 miles
Tem

Suppored by

Shaded Relief

mapgiVing

@ n

QSaockniiiAs  XNR Productions Inc.

9o

oTalk

Forum for

https://www.naturalearthdata.com/downloads/110m-cultural-vectors




Vignettes

Click on the “Download countries” link under “Admin O - Countries” to get the zip

TerraClimate - Climatolo: x i Catalog Services X Natural Earth » 1:110m Cul
(¢} O 8 hty naturalearthdata.com/dov 110m-cultural
our announcement It
Download all 110m cultural themes (1.4 MB) version 5.1.1 Find a Problem?

Files have been downloaded 913,000 times.
Submit suggestions

NOTE: Version number indicates the update cycle when that theme was last @ G T
updated. An older version number indicates updates have not been necessary rack the progress of
since then. your edits
Thank You
Admin 0 - Countries Our dta daunioads are gnerously
hosted by Amazon Web Services
There are 258 countries in the world. Greenland as e 2021 and provously o

separate from Denmark. Most users will want this file State Universiy.
instead of sovereign states, though some users will want

map units instead when needing to distinguish overseas

regions of France.

Natural Earth shows de facto boundaries by default
according to who controls the territory, versus de jure.

210.08 KB) version 5.1.1

Download wif
IR Y] Downloaded 299016 times (Shapefile, geoDB, or TIFF format)

About | Issues | Version History »

Admin 0 - Details

There are 209 sovereign states in the world, though
only 199 issue passports. Auxiliary themes include 298
- cartographic map units and 360 subunits optimized for
labeling edge cases, like the four constitute countries of
England, Scotland, Wales, and Northern Ireland in the
United Kingdom.

Download sovereignty (203.99 KB) version 5.1.1
Download map units (213.64 KB) version 5.1.1

Download scale ranks (146.92 KB) version 5.1.0
turalearthdata.com/download/110m/¢

https://www.naturalearthdata.com/http//ww
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We will be using the same event data on violence as in the last two labs:
UCDP GED version 23.1, in csv format

@ VIIRS Nighttime Light Index of /nighttime_ligh' X  geoBoundaries x B UCDP Dataset Downloac X  +

[¢] 08 dp.uu.se/d L al B ¢ Qsearch
UCDP Georeferenced Even’( Dataset (GED) Global version 23.1

This dataset is UCDP's most disaggregated dataset, covering individual events of organized violence (phenomena of lethal violence occurring at a given time and
place). These events are sufficiently fine-grained to be geo-coded down to the level of individual villages, with temporal durations disaggregated to single,
individual days.

Available as

Please cite:

« Davies, Shawn, Therese Pettersson & Magnus Oberg (2023). Organized violence 1989-2022 and the return of conflicts between states?. Journal of Peace
Research 60(4).

* Sundberg, Ralph and Erik Melander (2013) Introducing the UCDP Georeferenced Event Dataset. Journal of Peace Research 50(4)

UCDP Candidate Events Dataset (UCDP Candidate) version 24.0.X

The UCDP Candidate Events Dataset (UCDP Candidate) is based on UCDP Georeferenced Event Dataset (UCDP GED), but published at a monthly release
cycle. It makes available monthly releases of candidate events data with not more than a month's lag globally. See codebook for similarieties and differences

https://ucdp.uu.se/downloads/ged/ged231

ip
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Vignettes

Here is the full list of data sources and links:

Category Type Format Data source
Average monthly max temperature  Raster .nc TerraClimate
Palmer Drought Severity Index Raster .nc TerraClimate
Country borders Vector (polygons) .shp Natural Earth
Political violence Table (non-geo) .csv UCDP GED

These are all in the WT03.zip file posted on Canvas.

Yuri M. Zhukov API-231 / GIS-PubPol / 19
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Changes in summer temperatures by country
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Changes in summer temperatures by country
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Always save your progress!
Go to Project — Save As...

New from Template
Open...

Open From

Open Recent

Close

save

*Untitled Project

ctrlso = *

Crlss

5 Save As. Crl+shift+s

Properties.
‘Snapping Options.

Import/Export
New Print Layout.
New Report.

4 Layout Manager.
Layouts
Models
Exit QGIs

Ctrlsshiftsp

Ctrlsp

ctrlsQ

1 legend entry removed. Coordinate 6091189 |9 Scale 1:84388984 ~

& Magnifier| 100%

Rotation

00"

2| ' Render

# Unknown CRS

@




Changes in summer temperatures by country

Vignettes

Vignette 1. Load the 2023 temperature data (Layer — Add Layer — Add

Raster Layer). TerraClimate_tmax_2023.nc file in Data/TerraClimate

DeBER¥ (O
RV ZwmEBER

Project Edit View Layer Settings pluf S

Point
# Cloud

« Delimited
* Text

4 Geopackag

T, postgresal

), MssQL
# Server

iwa Virtual
4% Layer

Features
& wes
vz

Vector
Tile

Data Source Manager — Raster

“ Source Type

o File

Protocol: HTTP(S), cloud, etc. ' OGC API

Source
Raster dataset(s) bbox/HKS/Teaching/API231/ProblemSets/WT03/Data/TerraClimate/TerraClimate_tmax_2023.nc

v Options

Consult netCDF driver help page for detailed on options

HONOUR_VALID_RANGE | <Default>

©add

OcClose

2 legend entries removed.

Coordinate| 69.9°,-9° | @ Scale|1:132763784 ~ | (@ Magnifier 100% 2 Rotation |00° 2| V| Render

@ EPSGi4326

=]
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This is a multi-band raster. Let's open up the layer Properties to see what these
bands represent

*wt03 — QGIS - o x
Project Edit View

0

er Settings Plugins Vector Raster Database Web Mesh Progessing Help
os L &2, ) @ %9 ) (& " ¢ ~
ERNIC-FCD Ol & § OF O e [} O i b z =y

B0 R @ Al B

2 legend entries removed. Coordinate| 110.1,-9.0 |95 Scale [1:132763784 ~ | @@ Magnifier 100% 2| Rotation |0.0° <V Render @unknownCRS @
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Changes in summer temperatures by country

Go to the Information tab and scroll down to Bands. There are 12 bands,
corresponding to months of the year (e.g. 1 = January, 12 = December)

Project Edit View

DEERR

Bands

Layer Properties - TerraClimate_tmax_2023 — Information

38 source
¥ symbology
1@ Transparency
B nistogram
7%| & Rendering
& Temporal
@& Pyramids
1 Elevation
B/ vetadata

Legend

@ Display

5 Auribute
Tables

=% QGIsserver

[ 1ype to locate (crl+Kl

Band count

@Help

Number

style

Band
Band 01: time=44925
(days since 1900-01-01
00:00:00)
Band 02: time=44956
(days since 1900-01-01
00:00:00)
Band 03: time=44984.
(days since 1900-01-01
00)
Band 04: time=45015
(days since 1900-01-01
00)
Band 05: time=45045
(days since 1900-01-01
00)
Band 06: time=45076
(days since 1900-01-01
:00:00)
Band 07: time=45106
(days since 1900-01-01
00:00:00)
Band 08: time=45137
(days since 1900-01-01
00:00:00)
Band 09: time=45168
(days since 1900-01-01
00)
Band 10: time=45198
(days since 1900-01-01
:00)
Band 11: time=45229
(days since 1900-01-01
00)
Band 12: time=45259
(days since 1900-01-01

32768

32768

32768

32768

-32768

32768

-32768

32768

32768

32768

32768

32768

No-Data

~34,8000000000

-42.5000000000

~47.4000000000

-50.1000000000

~47.1000000000

-47.9000000000

-50.0000000000

~46.0000000000

-41.3000000000

-31.9000000000

~25.8000000000

40.5000000000

42.3000000000

43.0000000000

45.1000000000

47.9000000000

52.4000000000

54.0000000000

46.5000000000

42.1000000000

40.7000000000

39.0000000000

@Apply || @cancel

Sunknown RS~ @
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Let's display temperatures for July. In Symbology, change Render type to
Singleband pseudocolor and set Band to Band 07.... Adjust the other
graphical parameters to taste.

Layer Properties - TerraClimate_tmax_2023 — Ssymbology
Project Edit View

DEBRR
8V /2.

v Band Rendering

| @ information Render type | singleband pseudocolor -

23 source Band Band 07: time=45106 (days since 1900-01-01 00:00:00) - Maximurm 2-m Temperature B
Min -31.6 Max 40.4
» Min / Max Value Settings

| & symbology

‘ L& Transparency

Interpolation Linear -
erraClimate_tm [E Histogram
[ N
Band 01: tim Color ramp
B Band 02: i Label unit suffix
M Band 03: time=44f
& temporal Label precision 4 B
M Pyramids Value Color  Label =

1 Elevation

30.1882... .
B Metadata

Tenend 28.7764...

® Display -27.3647...

Attribute —
Tables Mode | Continuous - Classes

=T QGIs Server | classify || Legend Settings...

clip out of range values
v Layer Rendering

8lending mode | Normal - Reset

Brightness ~ e—— 0 || Contrast e—— 0

Gamma = 1.00 2| saturation e=——— 0

Invert colors Grayscale |Off
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Places closer to the equator are hotter. Antarctica is very cold

*wt03 — QGl

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

. [ Y o M@ @ © % ) 7 (T) £~

[ BRnRE UL RPPOB Y L} D
BQV.ZRER )

Layers @®
vad=T 2 = ey

TerraClimate tmax_202]

Band 07: time=45106 (days s
524

I -47.9

2 legend entries removed.

Coordinate | 66.5,-189.0 | Scale 1:132763784 ~

@ Magnifier| 100% &

Rotation [0.0°

2| IV Render

@ Unknown CRS

@

Yuri M. Zhukov
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Let's also load the tmax raster data for 1958

Data Source Manager — Raster

Project Edit View Layer Settings Plu [ srowser “ Source Type
DBk
RV ZwmEBER

© File ) Protocol: HTTP(S), cloud, etc. ) OGC API

Source

Raster dataset(s) pbox/HKS/Teaching/API231/ProblemSets/WT03/Data/TerraClimate/TerraClimate_tmax_1958.nd & || ...

Layers a®
30
TerraClimate tmax 202| Delimited
do7: * Text
2

v Options

Consult netCDF driver help page for detailed ions on options

-45106 (days s

e LUK, HONOUR VALID_RANGE | <Default> . 5

-
% GPS

-47.9 7, spatialite

« POstaresQ

. MssQL
* Server

Features

& wes

Xvz

Vector
% Tile >

o -
g Scene @relp Qadd O close

2legend entries removed. Coordinate| 101.5,-174.1 |95 Scale 1:132763784 ~ | (@ Magnifier 100% 2| Rotation |0.0° 2 v/ Render @ unknownCRS @
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Once both rasters are loaded, open the Raster Calculator...

*wt03 — QGIS

Project Edit View Layer Settings Plugins Vector |ttty Database Web Mesh Progessing Help
> : Y os [, © 53 i
DB REE (O, L J0 MEEESEIIIR L ) z =y
Analysis ,
BV, Z BB Projections , =3 >
Miscellaneous 4 KY
Extraction ’
Layers @® °
Conversion ,
< T. 2 = ey :
Align Rasters..
TerraClimate tmax 195| o
Band 07: time=21365 (days s e
49.85 [
-50.45
~ IV I TerraClimate_tmax_202
Band 07: time=45106 (days s 3
524

2legend entres removed Coordinate | 48.1,-1877 |95 Scale 1132763784 |~ | @ Magnifier 100% |2 Rotation [00°

<V Render @ Unknown CRS

@
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Set the Expression to

"TerraClimate_tmax_2023@7"-"TerraClimate_tmax_1958@7" (July temp in
2023 minus July temp in 1958). Save the output as tmax_diff.tif

Project Edit

Layers
« BT
- Terra|
8and 07:
49.85|

-50.4!
v V¥ Terrat
Band 07:

52.4

-47.9

Raster Bands

rraClimate_tmax_1958@5
rraclimate_tmax_1958@6
rraClimate_tmax_1958@8
rraClimate_tmax_1958@9
rraClimate_tmax_1958@10
rraClimate_tmax_1958@11
rraClimate_tmax_1958@12
rraClimate_tmax_2023@1
rraClimate_tmax_2023@2
rraClimate_tmax_2023@3
rraClimate_tmax_2023@4
rraClimate_tmax_2023@5
rraClimate_tmax_2023@6
rraClimate_tmax_2023@7
rraClimate_tmax_2023@8
rraClimate_tmax_2023@9
rraClimate_tmax_2023@10

rraClimate_tmax_2023@11
rraClimate_tmax_2023@12

v Operators

= B
A /

Raster Calculator Expression

Changes in summer temperatures by country

Raster Calculator

Result Layer

Create on-the-fly raster instead of writing layer to disk

Output layer ~Sets/WT03/Output/tmax_diff.tif

Output format | GeoTIFF
Spatial Extent

Use Selected Layer Extent

Xmin -180.00000 |3/ Xmax 180.00000

¥ min |-90.00000 2| Ymax 90.00000

Resolution

Columns | 8640 o Rows | 4320

Output CRS | Default CRS: EPSG:4326 - WGS ~

v/ Add result to project

min IF cos acos

max AND sin asin

abs OR tan atan
D sqrt log10 In

"TerraClimate tmax 2023@7" - "TerraClimate tmax 1958¢7"]

Yuri M. Zhukov
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This will take a few minutes to compute

*wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
> B e [ o )
DEoEmREY OLLPLHAPPDP A LI

VeV ARED

Layers @®
2 = ey

o 5|
Band 07: time=21365 (days s
49.85 ——

-50.45
~ IV I TerraClimate_tmax_202
Band 07: time=45106 (days §

524
Raster calculator

Calculating raster expression...
47.9

2legend entres removed Coordinate 46.1,-187.7 |5 Scale 1132763784 ~ | @ Magnifier | 100% |3 Rotation [00° 2 ViRender @ unknownCRs | @
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The tmax_diff raster should look something like this

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

Y es 2,
IR IVIE2

DBl
BV, ZRmEBER

Layers L]
i 4 3 e

3
Band 1 (Gray)
1.76

I -11.690001

» [ # Terraclimate_tmax_195,
» [ ¥ Terraclimate_tmax_202

*Wt03 — Q!

) 9RO D ® O " (T o
LLRPPPRALHGEBEELENOR

2legend entries removed. Coordinate| 22.4,-187.1 |9 Scale 1:132763784 ~ @& Magnifier| 100% 2| Rotation |0.0° 3| V/Render @ unknownCRS @
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Let's examine the distribution of global temperature changes. In the layer
Properties for tmax_diff, open the Histogram tab. Click Compute Histogram

Layer Properties - tmax_diff — Histogram x
Project Edit View Lay}
DEEGRR
| @ information
- 38 source g |
- ¥ symbology [

1 4 1@ Transparency
- tmax_diff Histogram 1
Band 1 (Gray)

e & Rendering
600
& Temporal
~11.690001 M Pyramids g
¥ TerraClimate_ts 1 )
¥ Terraclimate_tmil ialliO UG

B/ vetadata
"= Legend i

@ Display

5 Auribute
Tables

» [
» [

=% Qs server 1

1
0 200 400 600 800 1000

Compute Histogram

[ Type to locate (ctrl+K} OHelp || stle - Oapply || Ocancel | Ok Jiig nonces @
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gnettes

Most temperature changes were positive, with a mode around + 2 degrees Celsius

Layer Properties - tmax_diff — Histogram x
Project Edit View La
hea ® o PO Raster Histogram
1600
38 source ]
| % symbology 1400 |
Layers ]
PEES X 18 Transparency
1200
tmax_diff (¢Fe e
Band 1 (Gray) 1
& Rendering 79
> 1
& Temporal g
-11.690001 M Pyramids 2 80
» [ #® TerraClimate_tm 1] . i B
» [ 8 Terraclimate_tmii G CERL) 0o
B/ metadata 1 L
— Legend 400 |I] - |
® Display ] Jm ““
) o il I! Ty N
Attribute ) 1 N
Tables 4 .
] el , E
. ol WA 2Ty .
Z% Qs Server o0 Jlts ittt it <
T T T T T
-10 K 0 5 10
Pixel Vals
ixel Value . /)'
= Band 1
& prefs/Actions H
Set min/max style for Band 1 -
Min -11.6900005 O
Max 11.7600002
Q Type to locate (Ctrl+K)| Ottelp || style - Oapply | Ocancel | Ook | @ unknownCRs @
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Let's calculate average changes by country. Load the
ne_110m_admin_O_countries.shp file

Project Edit View Layer Settings pluf S

¢ V Vector

Raster

" Mesh

@ Point
# Cloud

« Delimited
Text

Band 1 (Gray)
11.76

-11.690001
» [J @ Terraclimate_tmax_195,

v [ % Terraclimate_tmax_202. “\. PostgresQl

Layer

Features
& wes
xvz

Vector
Tile

2 legend entries removed.

Data Source Manager | Vector

“ Source Type

o File  Directory  Database  Protocol: HTTP(S), cloud, etc. _ OGC API

Encoding Automatic -
Source

Vector Dataset(s) [Dropl Teaching/API231

[ne_110m_admin_0_countri pall..

v Options

Consult ESRI Shapefile driver help page for detailed

options

ENCODING
DBF_DATE_LAST_UPDATE

ADJUST_TYPE <Default>
ADJUST_GEOM_TYPE | <Default>
AUTO_REPACK <Default>
DBF_EOF_CHAR <Default>

@Help

Qadd OcClose

Coordinate| 99.9,-132.8 |9 Scale|1:132763784 ~

& Magnifier| 100% 2| Rotation [0.0° 2| v/ Render @ Unknown CRS

=]
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Once the borders are loaded, open Zonal Statistics from the Processing
Toolbox. Set Input layer = ne_110m_admin_O_countries, Raster layer =
tmax_diff, prefix = tmax_diff_, Statistics to calculate = Mean. Save the
output as tmax_diff.geojson

Zonal Statistics x — o
Edit Vie R
| | Parameters | Log Zonal statistics =
B0 E#EE-=-
Input layer This m calculates statis
2V A ne_110m_admin_0_countries [epsG:4326] - | 5 %, [ ture o £~ [ 2]
- vector la)
Raster layer Processing Toolbox 5%
5. 7. & | | tmax_diff [PSG:4326] | o
FPREITN  Raster band zonal
Eman At | oand 1 (cray - -~ Recently used
nd 1 (Gray)
176 Output column prefix - ba
tmaxdiff_ Raster layer zonal statistics
Statistics to calculate . Zonal histogram
Zonal statistics
-11.690001 ~ & GRASS
Terraclimal | zon| statistics ~ Raster (%)
TerraClimal @ rstats.zonal

Nng/API231/ProblemsSets/WT03/Output/tmax_diff.geojson

v/ Open output file after running algorithm

s
9
|
4
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North Africa and Central Asia appear to have had the most acute increases in July
temperatures

*wt03 — QGIS
Project Edit

D SRR
BQRV.ZRER

RiBs L

[H ne_110m_admin_o_coun|
» [ 8 tmax_diff
¥ Terraclimate_tmax_195|
» [] & Terraclimate_tmax_202!

> locate (Ctrl+K) 2 legend entries removed. Coordinate| 65.1,177.4 |9 Scale|1:132763784 ~ | @ Magnifier 100% 2| Rotation |0.0° 2| [v/Render @unknowncRs @
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Clicking on the X button ("Show Statistical Summary"), we can look up some
descriptive stats. The average country saw an increase of 1.77 degrees Celsius

*wt03 — QGIS - =] x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
D 2, P ) D ) €1 -~ = pa—
0 % O e e Ry 18 LDOR TE-=-

\‘!@V”fﬁ@’@ / = 9

Show Statistical [
Summary .

[H ne_110m_admin_o_countries
» [ 8 tmax_diff
» [] & Terraclimate_tmax_1958
» [] & Terraclimate_tmax_2023

Statistics e®
tmax_diff -
1.2 tmaxdiff_mean ~](e
Statistic Value E
Mean 1.7696
Median 1.71887
St dev (pop) 1.28852
Stdev(sample) 129218
Minimum -2.95956
Maximum 6.78843 ~
Range 9.74799
Selected featuresonly o & |....

K Coordinate| 100.1,-101.2 |9 Scale|1:131166736 ~ | @ Magnifier 100% 2| Rotation |00° 2| /vIRender @unknownCRS @
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Let's create an interactive histogram with Plotly. Set Plot type = Histogram,
Layer = tmax_diff, Grouping field = tmaxdiff_mean. Click Create Plot

Wt03 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
=B8R UepplippP LONOR Z|E-=-C
B
9
o®
@ - i}
, max diff
, Terraclimate_tmax_1958
» [ ¥ Terraclimate_tmax_2023
Statistics e®
tmax_diff -
1.2 tmaxdiff_mean ~](e
Statistic Value E
Mean 17696
Median 1.71887
St dev (pop) 1.28852
Stdev(sample) 129218 4,—‘_|
Minimum -2.95956 ! ¢ : ' ¢
Maximum 6.78843 e
Range 9.74799
Selected features only ] $Reload Dynamically update size Ay
0 features selected on layer tmax_diff. Coordinate 64.7,186.2 |® Scale [1:280176000 ~ @@ Magnifier 100% 2| Rotation |0.0° <V Render @unknownCRS @
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Clicking on the individual bars of the histogram will highlight the countries that fall
into that bin, such as here for increases between 4 and 5 degrees

wto:

Qais

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
M ™| e ) @ ®9 ) )

B U@ 2pLHP00 "4 [}

]
®

max_diff
Terraclimate_tmax_1958
» ) # Terraclimate_tmax_2023

Statistics @8
tmax_diff -

1.2 tmaxdiff_mean -]e

Statistic Value
Mean 17696
Median 1.71887
st dev (pop) 1.28852
Stdev(sample) 129218 4,—‘_|

Minimum -2.95956

Maximum 6.78843

Range 974799

Selected features only ] $Reload Dynamically update size Ay

2| [V/Render @ unknowncRs @

2| Rotation [0.0°

8 features selected on layer tmax_diff. Coordinate| -64.7,186.2 |9 Scale|1:280176000 ~ | @ Magnifier  100%
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Vignettes

...increases of 3-4 degrees

wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing

Changes in summer temperatures by country

Help

DBk
BV, ZRmEBER

o/
) ma

2 @
O/ #

EE]

» [] 8 Terraclimate_tmax_2023
Statistics B®
tmax_diff -

1.2 tmaxdiff_mean

) ¥ 1) 1D
lakalta

Statistic Value B

Mean 1.7696

Median 1.71887
St dev (pop) 1.28852
stdev(sample) 129218
Minimum -2.95956
Maximum 6.78843
Range 9.74799

Selected features only ]

15 features selected on layer tmax_diff.

Coordinate | 647, 186.2

M
S Ko

DataPlotly

¥ scale 1280176000 ~

$Reload

& Magnifier| 100%

Dynamically update size

2| Rotation [0.0° 2| v/ Render @ Unknown CRS

ox|




Changes in summer temperatures by country

Vignettes

...increases of 2-3 degrees

wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
DoBnRRE (O e
FEYTY LN e 6 gE @

) 52D D o[, E
4303 sd LUNOR N-&-§-5-

Layers L] Dataplotly C

o
» [] ® TerraClimate_tmax_2023 *
‘ 3 w0 (2-2.999, 40)
Statistics o8
tmax_diff -
1.2 tmaxdiff_mean - .
Statistic Value =
Mean 1.7696 »
Median 1.71887
St dev (pop) 1.28852 °
Stdev(sample) 129218
Minimum 2.95956 - ° ' ‘
Maximum 6.78843 R
Range 9.74799
Selected features only [+] $Reload Dynamically update size A

40 features selected on layer tmax_diff. Coordinate| -64.7,186.2 |95 Scale 1:280176000 ~ | (@ Magnifier 100% 2| Rotation |0.0° 2V Render @unknownCRS @




Changes in summer temperatures by country

Vignettes

...increases of 1-2 degrees (the most numerous category)

Wwt03 — QGIS

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
g ) o [ ® © D 0D 0 Pl
AR Qe LLXHPL sd ¢ O K-&-6

BV AMBD 8 4 =

Layers L] Dataplotly G

v[]6-679
[ ne_170m_admin_o_countrie L
» [ 3 tmax_diff
» [ ¥ Terraclimate_tmax_1958 N
» [] ¥ TerraClimate_tmax_2023 b
. . w0
Statistics e®
tmax_diff -
2
1.2 tmaxdiff_mean -]
Statistic Value E
Mean 17696 »
Median 1.71887
0
St dev (pop) 1.28852
Stdev(sample) 129218
2 g N g
Minimum -2.95956
Maximum 6.78843
Range 9.74799
Selected featuresonly & & $Reload || Dynamically update size AN
67 features selected on layer tmax_diff. Coordinate| -64.7,186.2 |95 Scale 1:280176000 ~ | (@ Magnifier 100% 2| Rotation |0.0° 2V Render @unknownCRS @
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Changes in summer temperatures by country

Vignettes

...increases between 0 and 1 degree

wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

NEBRRY M*LPRPPF A LOR &S 6 E#EE-=-
ROV ZRED E =4 =2= > @ O
9
@ DataPlotly

Statistics e®

tmax_diff - (0-0.999, 34)
1.2 tmaxdiff_mean -

Statistic Value B

Mean 1.7696
Median 1.71887
St dev (pop) 1.28852
Stdev(sample) 129218
Minimum -2.95956 ' °
Maximum 6.78843 e
Range 9.74799

Selected features only .. $Reload Dynamically update size

34 Features selected on layer tmax_diff. Coordinate| -64.7,186.2 | Scale|1:280176000 ~ | @ Magnifier 100% 2| Rotation |0.0° 2| v/ Render

@ Unknown CRS
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Vignettes

... decreases of 0 to 1 degree

wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing

Changes in summer temperatures by country
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» [] 8 Terraclimate_tmax_2023
Statistics B®
tmax_diff -

1.2 tmaxdiff_mean
Statistic

Mean

Median

st dev (pop)

st dev (sample)
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Maximum

Range

Value
1.7696
1.71887
1.28852
129218
-2.95956
6.78843

974799

Selected features only

)

) ¥ 1) 1D
lakalta

8 features selected on layer tmax_diff.

Coordinate | 647, 186.2
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S Ko

DataPlotly

$Reload Dynamically update size
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Vignettes

...decreases of 1 to 2 degrees

wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing
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EE]

» [] 8 Terraclimate_tmax_2023
Statistics B®
tmax_diff -

1.2 tmaxdiff_mean
Statistic

Mean

Median

st dev (pop)

st dev (sample)

Minimum

Maximum

Range

Value
1.7696
1.71887
1.28852
129218
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6.78843

974799

Selected features only

2 features selected on layer tmax_diff.

Coordinate | 647, 186.2

¥ scale 1280176000 ~
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Changes in summer temperatures by country

Vignettes

... and decreases of 2 to 3 degrees (just Uruguay here)

WtO3 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
> e @ e MDD ~ Y. & = ==
DEoEmREN QSLLHAPL sa LOOR M-&-G-5- EH#%IZBE &0

BV AMBD 8 -a =

Layers @® Dataplotly os|

v[]6-679

[ ne_110m_admin_o_countrie: oo
» [ 3 tmax_diff
» [ ¥ Terraclimate_tmax_1958 ;
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. . w0
Statistics

tmax_diff -
1.2 tmaxdiff_mean ~|[e o
Statistic Value E

Mean 1.7696 =
Median 1.71887
St dev (pop) 1.28852 °
Stdev(sample) 129218 . =T | .
Minimum -2.95956
Maximum 6.78843 e
Range 9.74799

Selected features only -] $Reload Dynamically update size A

1 feature selected on layer tmax_diff (Uruguay Coordinate -64.7,186.2 |95 Scale 1:280176000 ~ | (@ Magnifier 100% 2| Rotation |0.0° 2V Render @unknownCRS @
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Drought severity and violence during the 2011 Arab spring
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Vignettes Drought severity and violence during the 2011 Arab spring

Vignette 2! Let's create a regional subset of countries. The ne_110m. .. file has a
variable called REGION_WB, where one of the categories is “Middle East & North
Africa”

*wt03 — QGIS

Project Edit View Layer settings Plugins Vector Raster Database Web Mesh Processing Help

DeEERY el pPrg LUOR M-8 60 QEKIE =,

BV ZRED / / =4 R@ > @ Al B

Layers
v aw

2 & TE® 7 = @
43_SE ADMO_A3_BD ADMO_A3_UA ADMO_A3_UN ADMO_A3_WB_CONTINENT REGION_UN SUBREGION REGION_WB NAME_LEN LONG_LEN ABBREV_LEN  TINY  HOM*
1 Fl £l 99 -99 Oceania Oceania Melanesia  [East Asia & Pacific 4 4 4 -99
2 ZA ZA -99 -99 Africa Africa Eastern Afr... [Sub-Saharan Africa 8 8 5 99
3 SAH sAH -99 -99 Africa Africa Northern A... [Middle East & North Africa 9 1 7 99
4 CAN CcAN -99 -9 North Ame... Americas  Northern A... [North America 6 6 4 99
5 UsA UsA -99 -99 North Ame... Americas  Northern A... North America 24 13 6 -99
6 KAZ KAZ -99 -99 Asia Asia Central Asia [Europe & Central Asia 10 10 4 99
7 uzs uzs -99 -99 Asia Asia Central Asia [Europe & Central Asia 10 10 4 5
8 PNG PNG 99 -99 Oceania Oceania Melanesia  [East Asia & Pacific 16 16 6 99
9 IDN IDN -99 -99 Asia Asia South-East... |East Asia & Pacific 9 9 5 -99 -

Show All Features _
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Vignettes Drought severity and violence during the 2011 Arab spring

Go to Select by Expression, set Expression to REGION_WB='Middle East &
North Africa', and click Select Features

*wt03 — QGIS
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
o [Ma & © D 0D n (T A~
PP ) [} O &

2 & BT E R rE = &
A3_SE ADMO_A3_BD ADMO_A3_UA ADMO_A3_UN ADMO_A3_WB CONTINENT REGION_UN SUBREGION REGION_WB NAME_LEN ~ LONG_LEN ABBREV_LEN TINY HOm*
1 Fl FJl -99 -99 Oceania Oceania Melanesia East Asia & Pacific 4 4 4 -99
2 -99 Africa Africa Eastern Afr... Sub-Saharan Africa
: eaun -m-m-
4 Select by Expression 4
5 24 13 6 -99
Expression | Function Editor
6 10 10 4 -99
8 N e.
7 10 10 4 5
REGION WB='Middle East & North Africa’l feature g
8 geometry 16 16 6 99
2 » Aggregates 9 9 s -99 NG
» Arra)
show A » Color
= » Conditionals
» Conversions
— 1~ . » DataPlotly e
=)+ -0y D » Date and Time =
. + Fields and Values £
Feature |Algeria 3 P ) Filesand Paths Tom
e 1 » Fuzzy Matching o
T @Help &) Select Features |~ Close
locate (Ctrl+K 20 features selected on layer ne_110m_admin_ Coordinate| 79.0,-144.1 | %5 Scale 1:131166736 ~ | @ Magnifier 100% T2 Rotation |00° 2| VIRender @uUnknownCRS @
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Vignettes Drought severity and violence during the 2011 Arab spring

Export the selected features to a new file

*wto3

Project Edit View Layer Settings Plugins Vector Raster Databsse Web Mesh Progessing Help
S B8 S @ O :
AR Qe LPLHPL 5 LI

BV, ZRmEBER / B

CE

£ zoom to Layer(s)

£ Zoom to Selection
rraclimate g show in Overview
show Feature Count
= Show Labels
Copy Layer
Rename Layer
L Duplicate Layer
1 Remove Layer.
Move to Top
Move to Bottom
Open Attribute Table
Toggle Editing
Filter.
Change Data Source...
Set Layer Scale Visibility...
Layer CRS >

Export. Save Features A

styles Save Selected Features >
Add Layer Notes. Save as Layer Definition File...
Properties. Save as QGIS Layer Style File.
Togles the editing state of the current layer  Coordinate | 539,-185.7 | ¥ scale 1131166736 ~ | @ Magnifier 100% 2| Rotation |00° 3| V/Render @ unknownCRs @
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Overv Changes in summer temperatures by country

Vignettes Drought severity and violence during the 2011 Arab spring

Save the layer as mena.geojson. Make sure the box is checked next to v “Save
only selected features”

*wt03 — QGIS
Project Edit View Layer Settings Plugins Vectgr Raster _Qatabase Web Mesh Processing Help

DEERRE B4 HPR S k. S TP
BV, A W Qi] J Save Vector Layer as... x P

Format GeoJSON - %).

Layers ®

File name  aching/API231/ProblemSets/WT03/Output/mena.geojson|
“adsTE-RFAO

Layer name

» tma i

CRS EPSG:4326 - WGS 84 -
» ) tmax_diff

v [] ¥ Terraclimate_tmax_1958

» ) ¥ Terraclimate_tmax_2023 Encoding

V! save only selected features

b Select fields to export and their export options
V! Persist layer metadata

» Geometry

b | Extent (current: none)

b Layer Options

» Custom Options

@Help v/ Addsaved filetomap ' @cancel || @ok |

X D

X Type to locate (Ctrl+K) Toggles the editing state of the current layer  Coordinate | 53.9,-185.7 | @5 Scale|1:131166736 ~ | (@ Magnifier 100% 2| Rotation |0.0° 3| V/Render @ unknownCRS @
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Vignettes

ht severity and violence duri

A new layer with 20 countries should appear in your project window

*wt03 — QGIS - o x
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
. = e @ o ) ~ .6 oo =
[ BREE QSLPLHAPS d LOOR N-8-G-5- AEHIBE-=-,
BQV.ZRER / =4 R R AL 2]
Layers %\ Layer Exported: Successfully saved vector layer to HKS/Teaching/API231/ProblemSets/WT03/Output/mena.qeojson [x)
0

TerraClimate_tmax_1958 ()
/home/zhukov/Dropbox/HKs/
Teaching/API231/ProblemSets/
WT03/Data/Terraclimate/

TerraClimate_tmax_1958.nc

Toggles the editing state of the current layer  Coordinate | 35.7,-185.7 |9 Scale 1:131166736

& Magnifier| 100% 2| Rotation [00° 3|V Render @ UnknowncRs @
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Vignettes Drought severity and violence during the 2011 Arab spring

Load the drought index raster TerraClimate_PDSI_2010.nc

Data Source Manager — Raster

Project Edit View Layer Settings Plu [ srowser “ Source Type
. r o [ @,
B¢ (O¢ S
D V% 4 4 Vector @ File  Protocol: HTTP(S), cloud, etc. ) OGC API
BV, ZRmEBER
— Source
A% Mesh
Ees es[\/ oot Raster dataset(s) pbox/HKS/Teaching/API231/Problemsets/WT03/Data/TerraClimate/ITTEIa TER M ST < | ... [ °
. ®: Poin!
© 3 F 0 # Cloud =
v options
, Delimited
men: * Text Consult netCDF driver help page for detailed ions on options b
v [ ne_110m_admin_0_countrie 3 3
-110m_admin_0_ HONOUR_VALID_RANGE | <Default> -
VW tmax difF Nj4 Geopackag IONOUR_VALID_RANGE | <Default:
» [ ¥ Terraclimate_tmax_1958
» ] ¥ Terraclimate_tmax_2023
N
_ | @Help Qadd Oclose
Toggles the editing state of the currentlayer ~ Coordinate  35.7,-185.7 |9 Scale 1:131166736 ~ @& Magnifier| 100% 2| Rotation |0.0° 2V Render @unknownCRS @
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Vignettes Drought severity and violence during the 2011 Arab spring

Another multiband raster. Open up the layer Properties to see the bands

*wt03 — Qi
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
: 2 o [ @ 0 D [ " (T o™ Lo @ —
DEoEmREY OLLPLHAPPDP A ¢ D o~ - @ z v

BeV.ARED =

[ @% 1\ Layer Exported: vector layer to KS/Teaching/API231 T03/0utput o

v [[] ne_110m_admin_0_countrie
» [ 3 tmax_diff
» [] # Terraclimate_tmax_1958

» (] ¥ TerraClimate_tmax_2023

Toggles the editing state of the current layer Coordinate  -20.9,-169.5 | Scale 1:131166736 ~ @& Magnifier 100% 2| Rotation |0.0° 2V Render @unknownCRS @
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Vignettes Drought severity and violence during the 2011 Arab spring

As before, there are 12 bands here, one for each month

Layer Properties - TerraClimate_PDSI_2010 — Information x
Project Edit View

DEBRR|
BV / # ke

N R Number Band No-Data Min Max
& 3 1 Band O1: time=40177  -32768 13 1
ayers R (days since 1900-01-01
PSS I ransparency 100:00:00) - o
ST = 2 Band 02: time=40208 32768 15 14
B Histogram (e since 1900-0101
TIIT o/ Rendering 3 Band 03: tme-40236  -32768 +15.4500000000 143000000000
Band 02: time=4 (days since 1900-01-01
Band 03: time=40f | SIS 00)
4 Band 04: time=40267 32768 ~15.1900000000 163000000000
Pr— (gaysance 15000101
,Ll Elevation 5 Band 05: time=40297 -32768 -14.6800000000 152300000000
(days since 1900-01-01
00:0000)
s Band 06: time=40328 32768 ~14.8000000000 153600000000
(days since 1900-01-01
00:00:00)
® Display 7 Band 07: time=40358 32768 ~13.9900000000 15.3500000000
(days since 1900-01-01
Attribute 00:0000)
Tables. 8 Band 08: time=40389 32768 ~12.9700000000 138500000000
(days since 1900-01-01
:00)
9 Band 09: time=40420 32768 ~12.2700000000 153700000000 )

Bands

Band count 12

Source

B/ vetadata

Legend

=% QGIsserver

(days since 1900-01-01 -
200)
10 Band 10: time=40450  -32768 ~12.6800000000 15.5400000000
(days since 1900-01-01
00)
11 Band 11: time=40481  -32768 ~13.2200000000 13.8500000000
(days since 1900-01-01
:00:00)
12 Band 12: time=40511  -32768 ~12.8600000000 12.8300000000
(days since 1900-01-01
00:00:00)

—
Q Type to locate (Ctri+K)| @telp || style - Ohpply || @eancel @ uknowncrs @
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Vignettes Drought severity and violence during the 2011 Arab spring

Let's calculate the average annual drought index, over all months

Open the Raster Calculator and set Expression to
("TerraClimate_PDSI_2010@1"+"TerraClimate PDSI_2010@2"+
"TerraClimate_PDSI_2010@3"+"TerraClimate_PDSI_201004"+
"TerraClimate_PDSI_2010@5"+"TerraClimate_PDSI_2010@6"+
"TerraClimate_PDSI_2010Q@7"+"TerraClimate_PDSI_201008"+
"TerraClimate_PDSI_2010@9"+"TerraClimate_ PDSI_2010@10"+
"TerraClimate PDSI_2010@11"+"TerraClimate_ PDSI_2010@12")/12
(you may want to copy and paste this one). Save the raster as
pdsi_2010_mean.tif

Yuri M. Zhukov API-231 / GIS-PubPol / 19



Project Edit

»

¥ Terral

Q Typetolog

Vignettes Drought severity and violence during the 2011 Arab spring

Raster Calculator

Raster Bands Result Layer
TerraClimate_PDSI_2010@~ Create on-the-fly raster instead of writing layer to disk
Terraclimate_PDSI_2010@:
Terraclimate_PDSI_2010@ Output layer  (T03/Output/pdsi_2010_mean.tif
TerraClimate_PDSI_2010@+
TerraClimate_PDSI_2010@! Output format | GeoTIFF -

TerraClimate_PDSI_2010@(

TerraClimate_PDSI_2010@ Spatial Extent

Terr e_PDSI_2010@!
Terraclimate_PDSI_2010@¢ Use Selected Laver Exfent
TerraClimate_PDSI_2010@ Xmin |-180.00000 </ Xmax 180.00000 <
TerraClimate_PDSI_2010@

TerraClimate_PDSI_2010@ ¥ min -90.00000 2/ Ymax  90.00000 B

TerraClimate_tmax_1958@

TerraClimate_tmax_1958@ (e
TerraClimate_tmax_1958@ = =
TerraClimate_tmax_1958@ Columns | 8640 = Rows|| 4520 =
TerraClimate_tmax_1958@
TerraClimate_tmax_1958@ Output CRS Default CRS: EPSG:4326 - WGS ~
Terraclimate_tmax_1958@
TerraClimate tmax 1958@~ ¥ Add result to project
v Operators
+ & ( min IF cos acos
/ ) max AND sin asin
< > = abs OR tan atan
= " sart log10 In

Raster Calculator Expression

("TerraClimate PDSI 2016@l"+"TerraClimate PDSI 2010@2"+"TerraClimate P
DSI 2010@3"+"TerraClimate PDSI 2010@4"+"TerraClimate PDSI 2010@5"+"Ter
raClimate PDSI 2010@6”*”Terra[llmate PDSI_2010@7"+"TerraClimate PDSI 2
010@8"+"TerraClimate PDSI_2010@9"+"TerraClimate PDSI 2010@10"+"TerraCl
imate PDSI_2010@11"+"TerraClimate PDSI 2010@12")/12

@Help

Ocancel || @ok |
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This will take a few minutes to process

*wto3

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

DEBRRN OLrLoNPPPR LOOR y

LAY 1 ) &L B
9 ?

[ @% 1\ Layer Exported: vector layer to KS/Teaching/API231 T03/0utput o
« @®T £ 2 Y
S tmax_diff

rraclimate PDSI 2010

ime=40177 (days si

M Band 03: time=40236 (days si
v [ mena
v [[] ne_110m_admin_0_countrie
» [ 3 tmax_diff
» [] # Terraclimate_tmax_1958

» (] ¥ TerraClimate_tmax_2023

Calculating raster expression...

| 3%

B .
| AP -

Coordinate| 88.1,-154.2 |9 Scale 1:131166736 ~ @@ Magnifier| 100% 2| Rotation |0.0° <V Render @ unknownCRS =@
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Vignettes Drought severity and violence during the 2011 Arab spring

The output will look something like this: a single-band raster of averages

*Wt03 — Q!
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help

h (Y ™ &% ) @ DD G M —_—
DEERRE UeLPLPHPPE R s tIOR 6" 5~ =

LAY 1

LLJ V7 Raster calculator: Calculation complete. more
= T E 2= ey
tmax_diff
| - pdsi 2010 mean ___|
Band 1 (Gray)
12.164166

I -13.466667

~ IV I TerraClimate_PDSI_2010

M Band 01: time 177 (days si
Band 02: time=40208 (days si
W Band 03: time=40236 (days si

v [ mena

v/ [[] ne_110m_admin_0_countrie
» [ 8 tmax_diff
» [ ¥ Terraclimate_tmax_1958
» [ ¥ Terraclimate_tmax_2023

> locate (¢ Coordinate| 88.1,-154.2 |9 Scale 1:131166736 ~ @@ Magnifier| 100% 2| Rotation |0.0° < v/ Render @ Unknown CRS

Q-

@
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Vignettes Drought severity and violence during the 2011 Ar.

Calculate country averages. Open Zonal Statistics, set Input layer = mena,
Raster layer = pdsi_2010_mean, prefix = pdsi2010_, Statistics to
calculate = Mean. Save the output as mena_pdsi.geojson

Zonal Statistics

Project Edit Vie
Parameters | Log

=3 )7 &=
Input layer
®, e
ROV A4 mena [EPSG:4326] RN 2]
Layers Raster layer @ | Processing Toolbox EL
o & ¥ pdsi_2010_mean [EPSG:4326] - % a
» _diff | Rasterband Zonal
T E; ":"‘é‘";’- Band 1 (Gray) - - (O Recently used
and 1 (Gray, | Zonal statistics |
12164166 |  Output column prefix ¢ Zonal statistics

- Q Raster analysis
Raster layer zonal statistics
Zonal histogram
Zonal statistics
~ @ GRASS
~ Raster ()
@ rstats.zonal

pdsi2010_

Statistics to calculate
3.466667]

! Zonal statistics

v [ mena
v [ ne_110m_g /Drop! 9/ 1 T03/Output/mena_pdsi.geojson

¥/ Open output file after running algorithm
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Vignettes

Drought severity and violence during the 2011 Arab spring

Try visualizing the country-level results. Lower index scores = worse drought

Project Edit View Layer Settings

BR[O

@V ZwER

(16 tmax_diff
(] # pdsi_2010_m
ow Te/lacllmate PDSI 2010
[ [ mena

v

[ ne_110m_admin_0_countrie
¥ tmax_diff

¥ TerraClimate_tmax_1958
¥ Terraclimate_tmax_2023

@ nformation

W7 30 View

T, Diagrams

i Fiess

B8l Atributes Form
{ Joins

A

& Actions

@ pisplay

& Rendering

& Temporal

Variables

ary Storage

2 Elevation

B/ Metadata

M Dependencies

Value

*wt03 — QGIS

Layer Properties - mena_pdsi — Ssymbology
b = -
Graduated

1.2 pdsi2010_mean -][e
Symbol [ 1=
Legend format |%1- %2 >recision: @ |2 v Trim
Colorramp | [N . -

Classes | Histogram
symbol ~ Values Legend
vl -4.0765 --1.1299
v -1.1299 - -0.5650
v -0.5650 - 0.0000
v 0.0000- 0.5650
VE  05650-1.1299 056-1.13
vl 1.1299-1.6949 1.13-1.69
Mode | £ Equal Interval - Classes [B
v v symmetric Classification
Around |0.0000 -
Create class astride symmetry value
Classify | @ = DeleteAll Advanced -
V! Link class boundaries
» Layer Rendering
@telp || style @Apply || Ocancel || @ok |

. >
Q Type to locate (Ctrl+K)

| 0 features selected on layer tmax_diff.

Processing Toolbox

A zonal a
) Recently used

~ @ Raster analysis
¥ Raster layer zonal statistics
¥ Zonal histogram
# Zonal statistics
~ & GRASS
~ Raster (i*)
@ rstatszonal

Naaramm
Coordinate | 1529,-18.98 | Scale 128344976 ~ | @ Magnifier 100%

|2/ Rotation [00°

3 V/Render @®unknownCRS @
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The drought index is negative virtually everywhere except Western Sahara

Layers B®
@O TE-BADL

Processing Toolbox
»a N

zonal

- O Recently used
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Finally, let's link this up with data on violent events. Load GEDEvent_v23_1.csv,

with spatial index
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Select by Expression: year=2011. Click Select Features
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Open the Count Points in Polygon tool. Select Polygons = mena_pdsi,
Points = GEDEvent_v23_1. Make sure the box is checked next to Selected
Features Only for the points. Name the count field events2011, and save the
output file as mena_pdsi_ged.geojson. Click Run

Count Points in Polygon x _ o
Project Edit Vies N =
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Open the Plotly tool. Set Plot type = Scatter Plot, Layer = mena_pdsi_ged,
X field = pdsi2010_mean, Y field = events2011. Click Create Plot

*Wt03 — Q!

Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
y = os [ o %3 Y Y T
DR Q2L X jd [} O

BV, A BED

DataPlotly
& Plottype . scatter Plot -
v Plot Parameters

[]-1.13--0.56 Layer mena_pdsi_ged >
v []-056-0
v[Jo-0s6 Use only selected features || Use only visible features
v Hose-113 Feature subset (=}
vl 113-1.69 =
® GEDEvent_ X field 1.2 pdsi2010_mean -]
¥ field 1.2 events2011 -]

v Properties

Y Legend title pdsi2010_mean - events2011 e
’ Marker color - €L Markersize (1000 3| €L
: Stroke color S - Stroke width | 1.00 =
Marker type Points -
Point type [ ] >
Line type — solid Line -
Opacity 1000% |-
Hover tooltip Allvalues -
Type of plot single Plot -
¢ 5 # Clean Plot Canvas D Update Plot | | Create Plot || Configuration -
Toggles the editing state of the current layer  Coordinate| 455,182 | Scale 1:45760536 ~ @ Magnifier 100% 2| Rotation |0.0° <V Render @unknownCRS @

Yuri M. Zhukov AP




Vignettes Drought severity and violence during the 2011 Arab spring

From the scatterplot, we can see that the highest levels of violence happened in
countries with negative PDSI scores (more drought)
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If we click on some of the points in the upper-left corner, we can see countries like
Syria, which experienced severe drought in 2010 and high violence in 2011
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or Iraq
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...or Yemen

wto:

QGIs
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We can adjust some of the graphical parameters to make the scatterplot more

readable, like adding country labels and putting the violence variable on a
logarithmic scale
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Looks better now
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You can also perform all these steps in R
(see replication code wt03_demo.R in WT03.zip)

Differences in average July high temperatures (2023 vs. 1958)

Drought and violence during Arab Spring
1e+05- .

1e+03-

1e+01 -

Violence in 2011

1e-01-

4

2 0
Average Palmer Drought Severity Index (2011)

Figure 28: Vignette 1 Figure 29: Vignette 2
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Hot Tip: Scripting in Python QGIS
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Tired on pointing and clicking? In almost every geoprocessing command, there is
a menu called Advanced, with an option to Copy as Python Command

Count Points in Polygon
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Paste it into a text file to see the code. The directory structure
(/home/username/*) will depend on where you saved the WTO3 files

Open ~ M

Lntsi g , 1'POLY( ' [home
gsProcessingFeatures finition('f
E— ; xFi

EEY) ti b d o&watchF s
geometryChec quest.GeometryAbortOnInva

ome fuser S Joutput/me

Python2 ~ idth: Ln3,Col1
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You can use these code snippets to assemble a Python script with all the commands
we used today (see Code/wt03_demo.py script in the WT04.zip file)

*wt03_demo.py —

Wt03_pyagis.py *wt03_demo.py

processing. runff

processing.run(

processing. run(

ENT':
processing. run(
processing. run(“nat
EFIX':'pe
processing.run(
1
processing. run(

Python v Tab Width: 8 v Lns, Col 364
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In QGIS, you can run this script through a Python console. Go to Plugins menu —
Python Console
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Copy a command into the console and click “Enter” (here we are re-calculating the
temperature difference raster from Vignette 1)

Untitled Project — QGIS ® 6 @
Project Edit View Layer Settings Plugins Vector Raster Database Web Mesh Progessing Help
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# Python Console
2 # Use-iface to-access QGIS API interface-ortype-'?"-for-more-info

# Security warning: -typing- commands -from-an-untrusted source -can-harm-your-computer

ing. runf"native:rastercalc home/username/Docunents /WT03/Data/TerraClinate/TerraClinate_tna:

tmax_1

uments/WT63/Data/TerraClinate/TerraClina

. XPRESSION' : *“TerraClinate_tmax_2023¢7"-"TerraClimate_tn
CELL_SIZE' :None, OUTPUT" : ' /home/username/Docunents/WT03/Output/tnax_diff.tif '}
i Coordinate| 0.14°,5.411° |9 scale 13906163 |~ | @ Magnifier| 100% 2| Rotation [00° *| VIRender @Epscasze @
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When QGIS finishes processing, the console will print a line that starts with

"OUTPUT': ..., telling you where the output file has been saved (note that this will
not load the output automatically)

Untitled Project — QGIS - o x
jew Layer Settings Plugins Vector Raster Database Web Mesh Processing
Yy 8/ [ ® © ¥ 5 (D =
BnRy @»2e5 (YLK ,- @ : =
ROV, ZMBD v - @ e (2}
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3 ® T e )
Python Console @®
(L AR [
1# Python Console
# Use iface to-access-QGIS -API-interface or type '?" -for-more-info
3 # Security warning: -typing commands from-an-untrusted source can-harm your conputer
# Raster calculator (July 2023 - July-1955)
e:rastercalc home/ zhukov/Dropbox/HKS  Teaching/API231/Pra 3/Data/TerraClinate/Terraclinate_tmax
Dropbox/HKS /Teaching ProblenSets/WT03/Data/Terracl Te RESSION' : *"TerraClinate_
x_1958¢7"", "EXTENT " :None, * CELL_SIZE ouTPUT aching/API231/ProblenSets/WT03/0u
Dropbox/HKS /Teaching/AP1231/Problensets/WT03/Output/tnax_diff.tif'}
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Vignettes

We can repeat this with the next line in the code (Zonal Statistics for temperature

changes by country)
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i native:zonalstatisticsfb”, -{*INPUT': ' /home/zhukov/Dropbox/HK
Dropbox/HKS /Teaching/APT231 RA D' :1
WT03/0utput/tmax_dif

INPUT_RASTER' : * /home/zhukov
STATISTICS :2,"OUTPUT" : */home x/HKS /Teaching/A
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ies.shp
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When we open up the Python-generated file, and re-create the histogram, we see
that the results are identical to the one we created earlier. Scripting can be very
handy if you are doing batch processing with repetitive, easily-automated tasks
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ob! o
RE
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