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* Does this data fit with the narrative?



Project Purpose

* This project explores the movements of internally displaced
persons (IDP’s) in Ukraine as a consequence of the conflict
in the Donbas.

* The United Nations Refugee Agency (UNHCR): 1.5 million
IDP’s were primarily relocated to cities in central and
Eastern Ukraine.

* Proper measurement of this population shift is essential for
understanding the dynamics and effects of the conflict.

 Official Ukrainian regional population statistics could be
misleading; the last Ukrainian census was in 2001.

* Can we track population shifts using nighttime lights data?




Ukrainian Regions and Major Cities
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Review of Literature

* Nighttime lights in conflict zones

1. Witmer & O’Loughlin, “Detecting the Effects of Wars in the Caucasus
Regions of Russia and Georgia Using Radiometrically Normalized DMSP-OLS
Nighttime Lights Imagery” (2011)

2. lJiang et al., “Ongoing Conflict Makes Yemen Dark: From the Perspective of
Nighttime Light” (2017)

* Nighttime lights for population estimation

1. Mellander et al., “Night-Time Light Data: A Good Proxy Measure for
Economic Activity?” (2015)

2. Bharti et al., “Remotely Measuring Populations During a Crisis by Overlaying
Two Data Sources” (2015)



Data Sources and Processes

 State Statistics Service of Ukraine (Ukrstat)

* Annual population estimates, “carried out on the basis of available
administrative data on state registration of births and deaths and
change of residence registration”

* UN OCHA Ukraine
 Spatial polygons of sub-national geographies

e Earth Observation Group, Payne Institute for Public Policy
* VIIRS satellite day-night band (DNB)

* Visible Infrared Imaging Radiometer Suite

Wavelengths 0.5 to 0.9 um (visible, near-IR)

 Measurement unit: nW/cm?2/sr

Image CRS and resolution: EPSG 4326, 15 arc-seconds (300-500m)
Monthly calibrated average radiance GeoTIFF images produced by EOG



Method 1: City-Level Analysis

Untar and import
EOG VIIRS Nighttime
Lights files

Create zonal

statistics table

Export table as csv

See Python scripting

Clip to Ukraine
extent using
boundary files

Calculate raster
zonal statistics

Perform analysis
and linear modeling
inR

Prepare population
datainR

Join population
data to UN OCHA
boundary files

Generate maps and
charts

Untar and import
EOG VIIRS Nighttime
Lights files

Calculate year-over-
year population and
lights differences

Create 2000
random sample
points within zone

Generate maps and
charts

Clip to Ukraine
extent using
boundary files

Create zone
containing all
populated places

Extract raster
values to sample
points

Perform analysis
and linear modeling
in R

Method 2: Cell-by-Cell Analysis

Join population
data to boundary
files

Convert boundary
polygons to rasters

Join sample points
with feature
attributes

Export to csv file




Population Data Process

5. UHceIbHICTH HASIBHOI'O HACE/IeHHS! B po3pisi perionis
paHoHiB, MicT, CeJIMIN MiCBKOIo THNY (32 ONIHKO10)
(na I ciunz; ocio)

| 2014 | 2005 | 2016

VKPATHA 45426249 42929298 42 760 516

Michske HAaCeTeHHA 31339017 29675358 29 584 952

ClibchKe HACEIICHHA 14087232 13253940 13175564
AstonomHa Pecnybaika Kpum 1967 259

JloHenmbra 001aCTh 4343 882 4207250 4265145

Miceke HaceneHHA 3940126 3897868 3870115

CinbchbKE HACETEHHA 403 756 309 382 395 030

MoHeupk (MichKkpaza) 965 828 952 139 044 9015

Micbke HaceneHHA 064 262 050 579 043 355

M. JloHeUBE 049 825 036 257 029 063

M. Mocmne 10 745 10 635 10 605

eMt [opdaueso-MuxafimiBka 219 017 017

et Jlapuse 2773 2770 2770

CilbCchbKe HACEICHHA 1 566 1 560 1 560

M. ABdiiEka 35090 34 728 34238

Aptemiecek (MicBEpaza) 103 493 103 027 102116

Michre HACETSHHA 103 493 103 027 102 116

M. BaxMyT (xozuume u. Apmmtfecz;x)} 77 474 77177 76 599

M. Coxenap 11 560 11 486 11 353

M. Hacie fp 13 817 13721 13522

cMt Kpacha I'opa 642 643 642

! Bignoeigro 10 ITocTanoen Bepxoenoi Pagn Vepaias gig 4 motore 2016 pory Ne 984-VIII

Table from Ukrstat is nested using spaces

Programmatically un-nest data using string

functions (see R script)

Merge annual data tables using long-form
names (Ukrainian Cyrillic)

* Also match by former name, if applicable

Merge with UN OCHA Ukraine administrative

districts table

id15 id16 y2014
[oHeubKa 06n1acTb M. [loHeLbK JoHeubKa 0bnactb M. [loHeubK 949825
JoHeubKa obnactb m. MocnuHe JoHeubKa obnactb m. MocnuHe 10745
JoHeubKa obnactb cmT lopbaveBo- [loHeubka ob6nactb cmT [opbayeso- 919
Mwuxanniska Mwuxanniska

JoHeubKa obnactb cmT JlapuHe JoHeubKa obnactb cmT JlapuHe 2773
JoHelbKa o0bnactb m. ABjiiBKa JoHelbKa 0bnactb m. ABjiiBKa 35090
[oHeubKa 0bnactb M. ApmemiscoKk [oHeubKa 061acTb M. baxmym 77474
JoHeubKa obnacte m. Coneaap JoHeubKa obnactb m. Coneaap 11560
JdoHeupbKa obnactb m. Yacis Ap JoHeupbKa obnactb m. Yacis Ap 13817
[oHeubka obnactb cMmT KpacHa lopa JoHeubka o6nactb cMmT KpacHa lopa 642



Monthly Radiance Time Series
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Monthly Radiance Time Series
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Monthly Radiance Time Series
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Monthly Radiance Time Series
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Monthly Radiance Time Series
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Population Change
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Population Change Radiance Change
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~CHERNJHHUSKA =
KHARKIV
POLTAVSKA
POLTAVA KHARKIVSKA
LUHANSKA
ACKA REMENCHUK
RIS VIERODONETSK

SLOVIANSK

KIROVOHRADSKA KRAMATORSK
KROPYVNYTSKYI PAVLOHRAD LUHANSK

KAMIANSKE._pNIPRO
DNIPROPETROVSKA

ALCHEVSK

HORLIVKA

mﬁiIVKA

DONETSKA

MYKOLAIVSKA
ZAPORIZKA

MELITOPOL

KHERSON KHERSONSKA

Change in Population

AVTONOMNA ™ 100,000
RESPUBLIKA N
KRYM  -100,000
SIMFEROPOL PR S
0 25 50 100 Kilometers

Esri, HERE

2014 to 2016

Radiance Change

~CHERNIHHVSKA: - < - - "3 SUMSKA

Krii\:ﬁkxv.
POLTAVSKA

“POLFAVA KHARKIVSKA

- LUHANSKA
REMENCHUK

dERKASKA &
~ VIERODONETSK
SLOVIANSK (SYCHANSK
KRAMATORSK s
KIROVOHRADSKA :
KROPYVNYTSKYI PAVLOHRAD “ALCHEVSK

KAMIANSKE pagPRO LUHANSK

DNIPROPETROVSKA HOBVKA

W
«~DA K A

DONETSKA

MYKOLAIVSKA
ZAPORIZKA

MELITOPOL

KHERSON KHERSONSKA

Change in Radiance

nW/cm?2/sr
AVTONOMNA M 7500
RESPUBLIKA N
KRYM i 7500
SIMFEROPOL
> T e
0 25 50 100 Kilometers
SE E
Esri, HERE
Ukrainian Military Fatalities
i
600 |
b1 |
£ 400 |
© |
& 200 !
0 i :
2014 2016 2018 2020 18

Date



Population Change Radiance Change
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Population Change Radiance Change
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Population Change

~CHERNJHHUSKA =
KHARKIV
POLTAVSKA
POLTAVA KHARKIVSKA
LUHANSKA
ACKA REMENCHUK
RIS VIERODONETSK

SLOVIANSK

KIROVOHRADSKA KRAMATORSK
KROPYVNYTSKYI KAMIANSKE pNIPRO PAVLOHRAD AlCHEVK  UHARSK

HORLIVKA

*ﬁIVKA

DONETSKA

DNIPROPETROVSKA

MYKOLAIVSKA

ZAPORIZKA

MELITOPOL

KHERSON KHERSONSKA

Change in Population

AVTONOMNA ™ 100,000
RESPUBLIKA N
KRYM  -100,000
SIMFEROPOL PR S
0 25 50 100 Kilometers

Esri, HERE

2014 to 201

Radiance Change

~CHERNIHHVSKA: =~ S
- POLTAVSKA d
POLTAVA

= LUHANSKA

{ERKASKA  MENCHUK 2
; - VIERODONETSK
SLOVIANSK ¥§YCHANSK

KIROVOHRADSKA KRAMA;IORSK -~ s

PAVLOHRAD AL CHEVSK

KROPYVNYTSKYI EUHANSK

KAMIASKE .%go -
DNIPROPETROVSKA

MYKOLAIVSKA

ZAPORIZKA

MELEFOPOL

et KHERSONSKA

Change in Radiance

nW/cm?2/sr
AVTONOMNA P 7500
RESPUBLIKA N
. KRYM i 7500
SIMREROPOL
0 25 50 100 Kilometers
SE -
Esri, HERE
Ukrainian Military Fatalities
600 :
o I
£ 400 |
© |
& 200 :
0 - I -
2014 2016 2018 2020 21

Date



Population Change
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Linear Model: log(Population) & Mean Radiance

120

(@)
(@)

Mean Radiance (January)
S
o

Cities

Radiance =-10.04 + 1.59*|log(Population)

Kyiv

R2=0.14
Lviv
Odesa
Kharkiv
P R
Kryvyi Rih
Dnipro
Donetsk
Zaporizhzhia
1 2

Annual Population Estimate (Millions)

200

150

Mean Radiance (January)
o
o

(&)
(@)

Sample Points

Radiance =-19.02 + 2.48*|og(Population)
R2=0.20

Region
Central
Crimea
East
East-Central
South
West

2013

Annual Population Estimate (Millions)

23



Linear Model: log(Population) & Mean Radiance

80

60

i
o

Mean Radiance (January)

Cities

Radiance =-10.83 + 1.63*log(Population)

Kyiv

R2=0.23
Lviv
Kharkiv
Ddes=a
Kryvyi Rih
Donetsk
Zaporizhzhia
1 2

Annual Population Estimate (Millions)

100

50

Mean Radiance (January)

Sample Points

Radiance =-21.23 + 2.68*log(Population)
R2=0.26

Region
Central
Crimea
East
East-Central
South
West

2014

Annual Population Estimate (Millions)



Linear Model: log(Population) & Mean Radiance
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Linear Model: log(Population) & Mean Radiance
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Linear Model: log(Population) & Mean Radiance
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Linear Model: log(Population) & Mean Radiance
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Linear Model: log(Population) & Mean Radiance
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Linear Model: log(Population) & Mean Radiance
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Conclusion

* Nighttime lights do reflect changes consistent with recorded
population shifts

* Other place definitions may be necessary for more accurate
predictions

* Future research should consider population density, GDP, electricity
prices, etc.

* The nighttime lights data could be useful to Ukraine researchers,
* Especially in a user-friendly format
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R Scripting: Population Data Process: Read in Data and Count Spaces

Sys.setlocale (category = "LC CTYPE", "Ukrainian")
names pop20a <- read xlsx("zb chuselnist 2019.x1lsx", sheet = 12,
range = cell limits(c(7, 1), c(Na, 4)),
trim ws = FALSE,
col names = c("place", "y2018", "y2019", "y2020"),

col types = c("text", "numeric", "numeric", "numeric")) 3%>%
filter (grepl (" |~\\d", place) == FALSE & !is.na(y2018) & !is.na(place)) %>%
as.data.frame ()
i =13
for (1 in 13:81) {
names pop20b <- read xlsx("zb chuselnist 2019.xlsx", sheet = 1,
range = cell limits(c(4, 1), c(Na, 4)),
trim ws = FALSE,
col names = c("place", "y2018", "y2019", "y2020"),
col types = c("text", "numeric", "numeric", "numeric")) %>%
filter (grepl (" [~\\d", place) == FALSE & !is.na(y2018) & !is.na(place)) %>%

as.data.frame ()

names pop20a <- rbind(names pop20a, names pop20b)

i=1i+1
}
names pop20 <- names pop20a
names pop20Sspaces <- nchar (gsub ("\\S.*$", "", names pop20Splace))
summary (as.factor (names_pop20Sspaces) )
# 0 1 2 3 4 5 6 7 8 9
# 24 53 537 4 886 1 3 24 998 6
names pop20 <- names pop20[grepl ("HacenenHa", names pop20$place) == FALSE, ]
summary (as.factor (names_pop20Sspaces) )
# 0 1 2 3 6 7 8 9
# 24 11 537 1 3 24 998 6



R Scripting: Population Data Process: |dentifying Region Names

names pop20$place[nrow (names pop20)] <- "m. Kuis"
names pop20$place <- gsub("c", "c", names pop20Splace)
names pop20$adminl <- ifelse(names pop20Sspaces == 0 &
grepl (
"VkpaiHa|obmacTh | Pecnybnika | CeBacTononp",
names pop20$place) == TRUE,
str trim(names pop20Splace),
NA) %>% na.locf ()
names pop20Sadminl [nrow (names pop20)] <- names pop20$place[nrow (names pop20) ]
names pop20Sadmin2 <- ifelse(names pop20Sspaces > 0 & names pop20Sspaces < 5,
str trim(names pop20Splace),
ifelse (row.names (names pop20) == 1,
names pop20$place,
NA)) %>% na.locf ()

names pop20Sadmin2 [nrow (names_pop20)] <- names pop20Splace[nrow (names pop20) ]
names pop20Sadmind <- ifelse(grepl ("mM\\.|cMT", names pop20Splace) == TRUE,
str trim(names pop20Splace),
NA)
names pop20Sadmind4 <- str replace (names pop20Sadmin4, "\\.[[:space:]]?", ". ")

names pop20Sadmind [nrow (names pop20)] <- names pop20Splace[nrow (names pop20) ]



R Scripting: Population Data Process: New and Former Names

names pop20$adminl <- ifelse(names pop20Sadmin4 == "m. Kuis",
"KumiBchbka Micbka pama'",
names pop20$adminl)

names pop20$admin2 <- ifelse(names pop20Sadmin4 == "m. Kuis",
"KumiBcbka Micbkpazna",

names pop20$admin2)

names pop20Splace[grepl ("\\ ([*M]", names pop20S$place) == TRUE]

names pop20Sadminl old <- gsub ("\\ (["mickkxpanal .*\\) [[:space:]]", "", names pop20Sadminl)

names pop20$adminl new <- gsub("[[:space:]]\\(["mMicbkpanmal.*$", "", names pop20Sadminl)

names pop20$admin2 old <- gsub ("".*\\ (["Mmicexpamal\\) [[:space:]]", "", names pop20Sadmin2)
names pop20Sadmin2 old <- gsub ("\\) [[:digit:]].*$", "", names pop20Sadmin2 old)

names pop20Sadmin2 new <- trimws (gsub ("\\ (koyumH (e|idt|a).*S$", "", names pop20Sadmin2))

names pop20Sadmind old <- gsub ("".*\\ (?!mMmicexpama", "", names pop20Sadming)

names pop20Sadmind old <- gsub ("\\) [[:digit:]].*$", "", names pop20Sadmin4d old)

names pop20$admind new <- trimws(gsub("[[:space:]]\\ (["Mickkpanmal.*$", "", names pop20Sadmind))

names pop20Sadminl <- names pop20Sadminl old
names pop20Sadmin2 <- names pop20Sadmin2 old
names pop20Sadmind <- names pop20Sadmin4d old



R Scripting: Population Data Process: Creating Unique ldentifiers

names pop20 <- names pop20[!is.na(names pop20$admind),
c("y2018", "y2019", "y2020", "adminl", "admin2", "admin4d",
"adminl old", "adminZ old", "admin4 old",
"adminl new", "admin2 new", "admin4 new") ]
for (i in l:nrow(names pop20)) {
names pop205dupsl9[i] <- nrow (
names pop20 [
paste (names pop20Sadminl, names pop20Sadmind) ==
paste (names_pop20Sadminl[i], names pop20Sadmind[i]),])
}
for (i in l:nrow(names pop20)) {
names pop205dups20[i] <- nrow (
names pop20 [
paste (names pop20Sadminl new, names pop20$admind new) ==
paste (names pop20Sadminl new[i], names pop20$admin4d new([i]),])
}
names pop20$idl9 <- ifelse(
names pop20$dupsl9 == 1,
paste (names pop20Sadminl, names pop20Sadmind),
paste (names pop20Sadminl, names pop20$admin2, names pop20Sadming)
)
names pop20$id20 <- ifelse(
names pop20Sdups20 == 1,
paste (names pop20Sadminl new, names pop20Sadmin4 new),
paste (names pop20Sadminl new, names pop20S$admin2 new, names pop20Sadmind new)



R Scripting: Population Data Process: Manual Adjustments

names pop20$idl9 <- ifelse(
names pop20$idl9 == "JHinponeTpoBCcbka OBJaCTb CMT Mmkojsjaiska",
"IHiOoponeTPpOBChbKa OOJlaCcTh [leTPMK1BCBKMM paMoH cMT MukojaiBka'",
names pop205idl9

)

names pop20$id20 <- ifelse(
names pop20$id20 == "JHinponeTpoBckka oBjacTb CMT Mmkosaiska',
"IHiOoponeTpPpOBChbKa OOJylaCcTh [leTPMK1BCBKMM paMoH cMT MukojaiBka'",
names pop20$id20

)

names pop20$idl9 <- ifelse(
grepl ("Kuiecbka obnacTb M. llepesacnas", names pop20$idl9) == TRUE,
"KuiBcbka objlacThk M. llepedciaB—-XMeJbHUIBEKUM",
names pop205idl9

)

names pop20$id20 <- ifelse(
grepl ("Kuiecbka obnacTb M. llepescnas", names pop20$id20) == TRUE,
"KuiBcbka objlacThb M. IlepedciaB-XMeJbHUIIBKUM",

names pop20$id20



R Scripting: Population Data Process: Merge with Other Years

names pop mergeZ2(0 <- merge (names pop mergel9,
names pop20,
by = "id19",
all = TRUE,
suffixes = c("19", "20"))

View (names pop merge20[is.na(names pop merge20$idl4) | is.na(names pop merge20$idl5) |
is.na(names pop merge20$idl7) | is.na(names pop merge205idl8) |
is.na(names pop merge20$idl9) | is.na(names pop merge20$id20),

c("idl4", "idls5", "idl7", "idls", "idl9", "id20",
"y2013", "y2014", "y2015", "y2016", "y2017", "y2018", "y2019", "y2020")])

# Uepkacbka objactTb cMT llpamkiBka -- reclassified 2018

names pop <- names pop mergez20[,c("id1l4", "idis5", "idi7", "idilg8", "idl9", "id20",
"y2013", "y2014", "y2015", "y201le6",
"y2017", "y2018", "y2019", "y2020")]

names pop$id <- ifelse(!is.na(names pop$id20), names pop$id20,

ifelse(!is.na(names pop$idl9), names pop$idl9,
ifelse(!is.na(names pop$idl8), names pop$idls,
ifelse(!is.na(names pop$idl7), names pop$idl7,

ifelse(!is.na(names pop$idl5), names pop$idls,

names pop$idl4)))))



R Scripting: Population Data Process: Finalizing Unique ldentifiers

names pop$id <- gsub("[[:space:]1]{2}", " ", names pop$id)
names pop$id <- ifelse(
names popS$id == "ABTOoHOMHa Pecny®Osiika Kpum cmT T'onmyba 3aToka",
"ABTOHOMHa Pecny®mnika Kpum cmT T'onyBa 3aToxka',
ifelse(
names pop$id == "ABToHOMHa Pecnybmika Kpmm cmT Cumeis",

"ABTOHOMHa Pecny®maika Kpmum cmT Cimeis",
ifelse(
names popS$id == "JlepiBCcbka oOnacTb cMT XypasHe",
"JiIbBiBCbka objlacTb CcMT XypaBHO",
ifelse(
names_ pop$id == "IllonTaBcbka objacTe M. Pemeruniska',
"TlonTaBChbka obOJjlacThk CcMT Pemerwmairka',
names_pop$id

)

names pop$id <- gsub("€rnaxiere \\ (Micekpanal\\)", "€Haxkiiecbka Micbkpagna'", names pop$id)
names pop$id <- gsub ("KpamaTopcek \\ (Micekpanmal\)", "KpamarTopckka Micbkpana'", names popS$id)
names pop$id <- gsub("Crixne \\ (micbxpanmal\\)", "CHixHsancbka Micbxpazna", names popS$id)
names pop$id <- gsub ("Xapumssx \\ (Micexpanmal\\)", "Xapumsbka Micbkpazma", names pop$id)
names pop$id <- gsub("Poeenpku \\ (Micerkpanal\\)", "PoeenpkiBcbka Mickkpana", names pop$id)

(

names pop$id <- gsub ("CepacTonons \\ (Micekpanmal\)", "CeBacrTonosbcbka Mickka paza", names pops$id)

names pop$id pop <- names pop$id



R Scripting: UN Shapefiles Attribute Data Process: Reading in Data

names ocha <- read xlsx("ukr adminboundaries tabulardata.xlsx", sheet = "Admin4d") %>% as.data.frame ()

names_ocha$adminl <- ifelse(grepl ("ABTOHOMHa Pecnybmika Kpum", names_ocha$adminlName_ua) == TRUE,

names ocha$adminlName ua,
paste (names ocha$SadminlName _ua, names_ocha$adminlClassType))
names ocha$admin2 <- ifelse(grepl ("micpka pazma", names ochaS$admin2ClassType) == TRUE,
paste (names ocha$adm1n2Name _ua, "micekpanma"),
(names ocha$admin2Name ua, names ocha$admin2ClassType))
(
("

paste
names ochaS$admin4 <- ifelse(grepl ("micTa", names ochaS$admin4ClassType) == TRUE,
paste("m.", names ocha$admin4Name ua),
ifelse(grepl ("CMT", names ocha$admin4ClassType) == TRUE,
paste ("cmT", names ocha$admin4Name ua),
NA))
names ocha <- subset (names ocha, !is.na(names_ocha$admin4),
select = c("adminl", "admin2", "admin4d",
"adminlName en", "admin2ZName en", "admin4Name en",

"Shape Area", "admin4Pcode"))



R Scripting: UN Shapefiles Attribute Data Process: Merging

names ocha$Sdups <- c()
for (i in l:nrow(names ocha)) {
names_ocha$dups[i] <- nrow (names_ocha|
paste (names_ocha$adminl, names ocha$admind4) == paste (names ochaSadminl[i], names ochaS$admin4[i]),
1)
}
names ocha$id <- ifelse(
names ocha$dups == 1,
id <- paste(names_ocha$adminl, names_ocha$admin4),
id <- paste(names ochaSadminl, names ocha$admin2, names ocha$admin4)

)

names ocha$id ocha <- names ocha$id

names pop ocha <- merge (names_pop,

names_ocha,

by = "id",
all = TRUE,
suffixes = c("pop", "ocha"))
View (names pop ocha[is.na(names pop ocha$id) | is.na(names pop ocha$id ocha) | is.na(names pop ocha$id pop),

c("id pop", "id ocha")])



Nighttime Lights Raster Data Process: City Method

e Untar EOG lights rasters
 Run model:

4




Python Scripting: Clipping Nighttime Lights Rasters

import arcpy

arcpy.env.workspace = "e:/rasters"”
arcpy.env.overwriteOutput = True
rasters = arcpy.ListRasters (
"*avg rade9h*",
"TIE"
)
ukr admbnda adm0 = "ukr admbnda adm g2 sspe 20171221.gdb/ukr admbnda admO g2 sspe 20171221"
for raster in rasters:
rname = "ukr lights "+raster[10:16]
outpath = "finalproject ukrainelights.gdb/"+rname

arcpy.management.Clip (
in raster=raster,
out raster=outpath,
in template dataset=ukr admbnda admO,
nodata value="3.4e+38",
clipping geometry="ClippingGeometry",
maintain clipping extent="NO MAINTAIN EXTENT")

iy



Python Scripting: Joining Population Data to Boundary Files

names pop ocha = arcpy.conversion.TableToTable (
in rows=names pop ocha csv,
out path=FinalProject UkrainelLights gdb,
out name="names pop ocha",
where clause="",
field mapping="id \"id\" true true false 8000 T

)

ukr pop adm4 = arcpy.management.AddJoin (
in layer or view=ukr admbnda adm4,
in field="admin4Pcode",
join table=names pop ocha,
join field="admin4Pcode",
join type="KEEP ALL"
) [O]

m

xt 0 0,First
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Python Scripting: Creating Population Rasters

for y in (2013, 2021) :
fname = "y" + (v)
rname = "pop" + (v)

arcpy.conversion.PolygonToRaster (
in features="ukr pop adm4d",
value field=fname,
out rasterdataset=rname,
cell assignment="CELL CENTER",
priority field="NONE",
cellsize="ukr lights 201301",

build rat="BUILD"
)
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Python Scripting: Calculating Year-over-Year Differences

pop2014 2013 = Raster ("pop2014") - Raster ("pop2013")

1lights2014 2013 = Raster("ukr lights 201401")

— Raster ("ukr lights 201301")

for yv 1in (2015, 2021):
rname in = "pop"+ (v)
rname out = "pop"+ (y)+" 2014"
outraster = Raster(rname in) - Raster ("pop2014™)

outraster.save (rname out)
(rname out)

rname in = "ukr lights "+ (y)y+"01"™
rname out = "lights"+ (y)+" 2014"
outraster = Raster(rname in) - Raster("ukr lights 201401")

outraster.save (rname out)
(rname out)
("Executed MapAlgebra.")
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Python Scripting: Creating Place Area Rasters

arcpy.conversion.PolygonToRaster (
in features="ukr pop admi",
value field="Shape Area",
out rasterdataset="admin4 Area",
cell assignment="CELL CENTER",
priority field="NONE",
cellsize="ukr lights 201301",

build rat="BUILD"
)

Python Scripting: Creating Place Identifier Rasters

arcpy.conversion.PolygonToRaster (
in features="ukr pop adm4d",
value field="admin4Pcode",
out rasterdataset="admin4 Zones",
cell assignment="CELL CENTER",
priority field="NONE",
cellsize="ukr lights 201301",

build rat="BUILD"
)
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Python Scripting: Creating Zone Containing Populated Places

arcpy.management.CalculateField (
in table="ukr pop admi4",
field="inZone",
expression="1!'y2013!/!y2013!",
expression type="PYTHON3",
field type="DOUBLE"
)

arcpy.management.Dissolve (
in features="ukr pop adm4",
out feature class="popZone",
dissolve field="inZone"

)

52



Python Scripting: Creating Random Sample Points Within Zone

points = arcpy.management.CreateRandomPoints (
out path=FinalProject UkrainelLights gdb,
out name="points",
constraining feature class="popZone",
number of points or field=2000,
minimum allowed distance="0 DecimalDegrees",
create multipoint output="POINT",
multipoint size=0

) [O]
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Python Scripting: Extracting Selected Rasters to Sample Points

rastersl = arcpy.ListRasters(
"ukr lights*"
)
rasters?2 = arcpy.ListRasters
"lights20*"
)
rasters3 = arcpy.ListRasters (
L1 p[::pz : +
)
rasters4d arcpy.ListRasters (
"admin4d*"
)

rasters = rastersl+rasters’+rasters3i+rastersd

arcpy.sa.ExtractMultiValuesToPoints (
"points",
rasters,
"NONE"
)
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Python Scripting: Joining with Sample Points and Exporting

arcpy.analysis.SpatialJoin (
target features="points",
join features="ukr pop adm4",
out feature class="points adm4",
join operation="JOIN ONE TO MANY",
join type="KEEP COMMON",
match option="WITHIN"
)
arcpy.conversion.TableToTable (
in rows="points adm4d",
out path=FinalProject UkraineLights,
out name="points.csv",

)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2013)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2014)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2015)
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Linear Model: log(Population) & Mean Radiance

Mean Light Values (January)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2017)
75
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2018)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2019)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2020)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2013)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2014)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2015)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2016)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2017)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2018)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2019)
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Linear Model: log(Population) & Mean Radiance

Nighttime Lights vs. Population (2020)
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