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Presentation Outline

• Goal: share information about data and mapping resources 
that may be useful to Ukraine researchers

• Review of literature

• Data sources and methods

• Monthly radiance time series for selected cities
• Note: radiance is measure of nighttime lights

• Population change vs. radiance change maps

• Linear models (basic, preliminary)

• Conclusion
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• Does this data fit with the narrative?
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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?
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Ukrainian Regions and Major Cities



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. Jiang 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)
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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

• 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 μm (visible, near-IR)

• Measurement unit: nW/cm2/sr

• Image CRS and resolution: EPSG 4326, 15 arc-seconds (300-500m)

• Monthly calibrated average radiance GeoTIFF images produced by EOG

7



Method 1: City-Level Analysis
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Untar and import 
EOG VIIRS Nighttime 

Lights files

Clip to Ukraine 
extent using 

boundary files

Prepare population 
data in R

Join population 
data to UN OCHA 

boundary files

Calculate raster 
zonal statistics

Create zonal 
statistics table

Export table as csv
Perform analysis 

and linear modeling 
in R

Generate maps and 
charts

See Python scripting

Untar and import 
EOG VIIRS Nighttime 

Lights files

Clip to Ukraine 
extent using 

boundary files

Join population 
data to boundary 

files

Convert boundary 
polygons to rasters

Create zone 
containing all 

populated places 

Calculate year-over-
year population and 

lights differences

Create 2000 
random sample 

points within zone

Extract raster 
values to sample 

points

Join sample points 
with feature 

attributes

Export to csv file
Perform analysis 

and linear modeling 
in R

Generate maps and 
charts

Method 2: Cell-by-Cell Analysis



Population Data Process
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id15 id16 y2014

Донецька область м. Донецьк Донецька область м. Донецьк 949825

Донецька область м. Моспине Донецька область м. Моспине 10745

Донецька область смт Горбачево-
Михайлівка

Донецька область смт Горбачево-
Михайлівка

919

Донецька область смт Ларине Донецька область смт Ларине 2773

Донецька область м. Авдіївка Донецька область м. Авдіївка 35090

Донецька область м. Артемівськ Донецька область м. Бахмут 77474

Донецька область м. Соледар Донецька область м. Соледар 11560

Донецька область м. Часів Яр Донецька область м. Часів Яр 13817

Донецька область смт Красна Гора Донецька область смт Красна Гора 642

• 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 tableDonetsk Oblast

Donetsk Metro

Bakhmut City (formerly Artemivsk City)

Ukraine

Donetsk Oblast, Bakhmut CityDonetsk Oblast, Artemivsk City



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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Monthly Radiance Time Series
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2013 to 2014

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2015

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2016

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2017

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2018

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2019

Population Change Radiance Change

Change in Radiance
nW/cm2/sr
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2014 to 2020

Population Change Radiance Change

Change in Radiance
nW/cm2/sr



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2013

Cities Sample Points
Radiance = -10.04 + 1.59*log(Population)

R2 = 0.14
Radiance = -19.02 + 2.48*log(Population)

R2 = 0.20



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2014

Cities Sample Points
Radiance = -10.83 + 1.63*log(Population)

R2 = 0.23
Radiance = -21.23 + 2.68*log(Population)

R2 = 0.26



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2015

Cities Sample Points
Radiance = -4.70 + 0.76*log(Population)

R2 = 0.11
Radiance = -11.21 + 1.43*log(Population)

R2 = 0.20



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2016

Cities Sample Points
Radiance = -11.78 + 1.80*log(Population)

R2 = 0.22
Radiance = -23.86 + 3.00*log(Population)

R2 = 0.29



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2017

Cities Sample Points
Radiance = -14.12 + 2.13*log(Population)

R2 = 0.25
Radiance = -23.83 + 3.09*log(Population)

R2 = 0.23



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2018

Cities Sample Points
Radiance = -12.07 + 1.86*log(Population)

R2 = 0.12
Radiance = -20.56 + 2.70*log(Population)

R2 = 0.25



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2019

Cities Sample Points
Radiance = -14.31 + 2.15*log(Population)

R2 = 0.22
Radiance = -24.01 + 3.11*log(Population)

R2 = 0.29



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28 2020

Cities Sample Points
Radiance = -5.94 + 0.93*log(Population)

R2 = 0.03
Radiance = -12.25 + 1.55*log(Population)

R2 = 0.28



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.xlsx", 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")) %>% 

filter(grepl("_|^\\d", place) == FALSE & !is.na(y2018) & !is.na(place)) %>%

as.data.frame()

i = 13

for (i in 13:81){

names_pop20b <- read_xlsx("zb_chuselnist 2019.xlsx", sheet = i, 

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 = i + 1

}

names_pop20 <- names_pop20a

names_pop20$spaces <- nchar(gsub("\\S.*$", "", names_pop20$place))

summary(as.factor(names_pop20$spaces))

# 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("населення", names_pop20$place) == FALSE,]

summary(as.factor(names_pop20$spaces))

# 0   1   2   3   6   7   8   9 

# 24  11 537   1   3  24 998   6



R Scripting: Population Data Process: Identifying Region Names
names_pop20$place[nrow(names_pop20)] <- "м. Київ"

names_pop20$place <- gsub("c", "с", names_pop20$place)

names_pop20$admin1 <- ifelse(names_pop20$spaces == 0 & 

grepl(

"Україна|область|Республіка|Севастополь", 

names_pop20$place) == TRUE,

str_trim(names_pop20$place),

NA) %>% na.locf()

names_pop20$admin1[nrow(names_pop20)] <- names_pop20$place[nrow(names_pop20)]

names_pop20$admin2 <- ifelse(names_pop20$spaces > 0 & names_pop20$spaces < 5,

str_trim(names_pop20$place),

ifelse(row.names(names_pop20) == 1, 

names_pop20$place, 

NA)) %>% na.locf()

names_pop20$admin2[nrow(names_pop20)] <- names_pop20$place[nrow(names_pop20)]

names_pop20$admin4 <- ifelse(grepl("м\\.|смт", names_pop20$place) == TRUE,

str_trim(names_pop20$place),

NA)

names_pop20$admin4 <- str_replace(names_pop20$admin4, "\\.[[:space:]]?", ". ")

names_pop20$admin4[nrow(names_pop20)] <- names_pop20$place[nrow(names_pop20)]



R Scripting: Population Data Process: New and Former Names
names_pop20$admin1 <- ifelse(names_pop20$admin4 == "м. Київ",

"Київська міська рада",

names_pop20$admin1)

names_pop20$admin2 <- ifelse(names_pop20$admin4 == "м. Київ",

"Київська міськрада",

names_pop20$admin2)

names_pop20$place[grepl("\\([^м]", names_pop20$place) == TRUE]

names_pop20$admin1_old <- gsub("\\([^міськрада].*\\)[[:space:]]", "", names_pop20$admin1)

names_pop20$admin1_new <- gsub("[[:space:]]\\([^міськрада].*$", "", names_pop20$admin1)

names_pop20$admin2_old <- gsub("^.*\\([^міськрада]\\)[[:space:]]", "", names_pop20$admin2)

names_pop20$admin2_old <- gsub("\\)[[:digit:]].*$", "", names_pop20$admin2_old)

names_pop20$admin2_new <- trimws(gsub("\\(колишн(є|ій|я).*$", "", names_pop20$admin2))

names_pop20$admin4_old <- gsub("^.*\\(?!міськрада", "", names_pop20$admin4)

names_pop20$admin4_old <- gsub("\\)[[:digit:]].*$", "", names_pop20$admin4_old)

names_pop20$admin4_new <- trimws(gsub("[[:space:]]\\([^міськрада].*$", "", names_pop20$admin4))

names_pop20$admin1 <- names_pop20$admin1_old

names_pop20$admin2 <- names_pop20$admin2_old

names_pop20$admin4 <- names_pop20$admin4_old



R Scripting: Population Data Process: Creating Unique Identifiers
names_pop20 <- names_pop20[!is.na(names_pop20$admin4),

c("y2018", "y2019", "y2020", "admin1", "admin2", "admin4",

"admin1_old", "admin2_old", "admin4_old",

"admin1_new", "admin2_new", "admin4_new")]

for (i in 1:nrow(names_pop20)){

names_pop20$dups19[i] <- nrow(

names_pop20[

paste(names_pop20$admin1, names_pop20$admin4) == 

paste(names_pop20$admin1[i], names_pop20$admin4[i]),])

}

for (i in 1:nrow(names_pop20)){

names_pop20$dups20[i] <- nrow(

names_pop20[

paste(names_pop20$admin1_new, names_pop20$admin4_new) == 

paste(names_pop20$admin1_new[i], names_pop20$admin4_new[i]),])

}

names_pop20$id19 <- ifelse(

names_pop20$dups19 == 1,

paste(names_pop20$admin1, names_pop20$admin4),

paste(names_pop20$admin1, names_pop20$admin2, names_pop20$admin4)

)

names_pop20$id20 <- ifelse(

names_pop20$dups20 == 1,

paste(names_pop20$admin1_new, names_pop20$admin4_new),

paste(names_pop20$admin1_new, names_pop20$admin2_new, names_pop20$admin4_new)

)



R Scripting: Population Data Process: Manual Adjustments
names_pop20$id19 <- ifelse(

names_pop20$id19 == "Дніпропетровська область смт Миколаївка",

"Дніпропетровська область Петриківський район смт Миколаївка",

names_pop20$id19

)

names_pop20$id20 <- ifelse(

names_pop20$id20 == "Дніпропетровська область смт Миколаївка",

"Дніпропетровська область Петриківський район смт Миколаївка",

names_pop20$id20

)

names_pop20$id19 <- ifelse(

grepl("Київська область м. Переяслав", names_pop20$id19) == TRUE,

"Київська область м. Переяслав-Хмельницький",

names_pop20$id19

)

names_pop20$id20 <- ifelse(

grepl("Київська область м. Переяслав", names_pop20$id20) == TRUE,

"Київська область м. Переяслав-Хмельницький",

names_pop20$id20

)



R Scripting: Population Data Process: Merge with Other Years
names_pop_merge20 <- merge(names_pop_merge19, 

names_pop20, 

by = "id19",

all = TRUE,

suffixes = c("19", "20"))

View(names_pop_merge20[is.na(names_pop_merge20$id14) | is.na(names_pop_merge20$id15) |

is.na(names_pop_merge20$id17) | is.na(names_pop_merge20$id18) | 

is.na(names_pop_merge20$id19) | is.na(names_pop_merge20$id20),

c("id14", "id15", "id17", "id18", "id19", "id20",

"y2013", "y2014", "y2015", "y2016", "y2017", "y2018", "y2019", "y2020")])

# Черкаська область смт Шрамківка -- reclassified 2018

names_pop <- names_pop_merge20[,c("id14", "id15", "id17", "id18", "id19", "id20",

"y2013", "y2014", "y2015", "y2016", 

"y2017", "y2018", "y2019", "y2020")]

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

ifelse(!is.na(names_pop$id19), names_pop$id19,

ifelse(!is.na(names_pop$id18), names_pop$id18,

ifelse(!is.na(names_pop$id17), names_pop$id17,

ifelse(!is.na(names_pop$id15), names_pop$id15,

names_pop$id14)))))



R Scripting: Population Data Process: Finalizing Unique Identifiers
names_pop$id <- gsub("[[:space:]]{2}", " ", names_pop$id)

names_pop$id <- ifelse(

names_pop$id == "Автономна Республіка Крим смт Голуба затока",

"Автономна Республіка Крим смт Голуба Затока",

ifelse(

names_pop$id == "Автономна Республіка Крим смт Симеїз",

"Автономна Республіка Крим смт Сімеїз",

ifelse(

names_pop$id == "Львівська область смт Журавне",

"Львівська область смт Журавно",

ifelse(

names_pop$id == "Полтавська область м. Решетилівка",

"Полтавська область смт Решетилівка",

names_pop$id

)

)

)

)

names_pop$id <- gsub("Єнакієве \\(міськрада\\)", "Єнакіївська міськрада", names_pop$id)

names_pop$id <- gsub("Краматорськ \\(міськрада\\)", "Краматорська міськрада", names_pop$id)

names_pop$id <- gsub("Сніжне \\(міськрада\\)", "Сніжнянська міськрада", names_pop$id)

names_pop$id <- gsub("Харцизьк \\(міськрада\\)", "Харцизька міськрада", names_pop$id)

names_pop$id <- gsub("Ровеньки \\(міськрада\\)", "Ровеньківська міськрада", names_pop$id)

names_pop$id <- gsub("Севастополь \\(міськрада\\)", "Севастопольська міська рада", names_pop$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 = "Admin4") %>% as.data.frame()

names_ocha$admin1 <- ifelse(grepl("Автономна Республіка Крим", names_ocha$admin1Name_ua) == TRUE,

names_ocha$admin1Name_ua,

paste(names_ocha$admin1Name_ua, names_ocha$admin1ClassType))

names_ocha$admin2 <- ifelse(grepl("міська рада", names_ocha$admin2ClassType) == TRUE,

paste(names_ocha$admin2Name_ua, "міськрада"),

paste(names_ocha$admin2Name_ua, names_ocha$admin2ClassType))

names_ocha$admin4 <- ifelse(grepl("міста", names_ocha$admin4ClassType) == TRUE,

paste("м.", names_ocha$admin4Name_ua),

ifelse(grepl("СМТ", names_ocha$admin4ClassType) == TRUE,

paste("смт", names_ocha$admin4Name_ua),

NA))

names_ocha <- subset(names_ocha, !is.na(names_ocha$admin4),

select = c("admin1", "admin2", "admin4",

"admin1Name_en", "admin2Name_en", "admin4Name_en",

"Shape_Area", "admin4Pcode"))



R Scripting: UN Shapefiles Attribute Data Process: Merging
names_ocha$dups <- c()

for (i in 1:nrow(names_ocha)){

names_ocha$dups[i] <- nrow(names_ocha[

paste(names_ocha$admin1, names_ocha$admin4) == paste(names_ocha$admin1[i], names_ocha$admin4[i]),

])

}

names_ocha$id <- ifelse(

names_ocha$dups == 1,

id <- paste(names_ocha$admin1, names_ocha$admin4),

id <- paste(names_ocha$admin1, names_ocha$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

• Untar EOG lights rasters

• Run model:
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Python Scripting: Clipping Nighttime Lights Rasters
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Python Scripting: Joining Population Data to Boundary Files

48



Python Scripting: Creating Population Rasters
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Python Scripting: Calculating Year-over-Year Differences
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Python Scripting: Creating Place Area Rasters

Python Scripting: Creating Place Identifier Rasters

51



Python Scripting: Creating Zone Containing Populated Places
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Python Scripting: Creating Random Sample Points Within Zone
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Python Scripting: Extracting Selected Rasters to Sample Points
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Python Scripting: Joining with Sample Points and Exporting
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Linear Model: log(Population) & Mean Radiance
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Radiance = -10.04 + 1.59*log(Population)
R2 = 0.14



Linear Model: log(Population) & Mean Radiance
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Radiance = -10.83 + 1.63*log(Population)
R2 = 0.23



Linear Model: log(Population) & Mean Radiance
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Radiance = -4.70 + 0.76*log(Population)
R2 = 0.11



Linear Model: log(Population) & Mean Radiance
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Radiance = -11.78 + 1.80*log(Population)
R2 = 0.22



Linear Model: log(Population) & Mean Radiance
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Radiance = -14.12 + 2.13*log(Population)
R2 = 0.25



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.07 + 1.86*log(Population)
R2 = 0.12



Linear Model: log(Population) & Mean Radiance
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Radiance = -14.31 + 2.15*log(Population)
R2 = 0.22



Linear Model: log(Population) & Mean Radiance
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Radiance = -5.94 + 0.93*log(Population)
R2 = 0.03



Linear Model: log(Population) & Mean Radiance
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Radiance = -19.02 + 2.48*log(Population)
R2 = 0.20



Linear Model: log(Population) & Mean Radiance
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Radiance = -21.23 + 2.68*log(Population)
R2 = 0.26



Linear Model: log(Population) & Mean Radiance
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Radiance = -11.21 + 1.43*log(Population)
R2 = 0.20



Linear Model: log(Population) & Mean Radiance
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Radiance = -23.86 + 3.00*log(Population)
R2 = 0.29



Linear Model: log(Population) & Mean Radiance
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Radiance = -23.83 + 3.09*log(Population)
R2 = 0.23



Linear Model: log(Population) & Mean Radiance
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Radiance = -20.56 + 2.70*log(Population)
R2 = 0.25



Linear Model: log(Population) & Mean Radiance
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Radiance = -24.01 + 3.11*log(Population)
R2 = 0.29



Linear Model: log(Population) & Mean Radiance
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Radiance = -12.25 + 1.55*log(Population)
R2 = 0.28


