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NM3RUlEaNTIATILYIYaYA 3 heranayis
(S);;ial regression
Spatial 2SLS regression

Ground survey
- Labor force survey
- Household survey SaTScan

- Industrial survey GIS format - Spatio-Temporal
analysis

GIS foumat

Remote-sensing

data Statistical analysis

uantum GIS :
9, GIS format Cluster analysis

U S

Panel regression
Database format Spatial regression

- Vegetation index
- Nightlight index
- Climate data

GlIS-based data STATA

- Admin. map Database format Statistical anal_ysis
- Land use map Cluster analysis

- Terrain OLS

Panel regression
Spatial regression
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(1) NM559UTINVDYA
(1.1) mMsUSutayadnsi/duzluves aav. vieglugu GIS
(1.2) mﬁ'ﬁfmﬂwﬁagamuﬁamm Google Earth Engine
(2) NM5AATIEIVaY AR ENTEDALALLATESHR
(2.1) Univariate cluster analysis

(2.2) Bivariate cluster analysis

(2.3) Regression analysis



(1.1) MsUSudeyadrsia/duzluves aay. Weglugd GIS
(1.2) maawaawﬁagamuﬁamm Google Earth Engine




(1) NSIWTIUNVBYA

(1.1) nMsUFuvayadrsia/diuzluves ddv. vieglusu GIS

* §157N1LLATHINILALHIANVBIATITAU (SocioEconomic Survey (SES))
* Yayasged119nny witeyasesud1sianng 2 U
° 5vazdendanroassaelussAuIawin
o Wautuunud GIS T Tnanseuanduaiafouazisusedanin
* d419930172N159191UVB9UTEYNT (Labor Force Survey (LFS))
* drnnlasuna
° f51uazidualUnnesaanstsarluseauIanin
o Wautuunudl GIS I Tnanseuanduaiadouazaisusedanin

* gruglugnamnssy (Industrial Census)
* d§53ann 10 U
° I5vazdendanesioassaglussAudanin
o Woutuunud GIS T Tnensewranduaiefouazaisusesanin



(1) NS3WTIUNVBYA

(1.2) N13359UWVBYANNLNEUAIN Google Earth Engine

Google Farth Engine 1Juuin1steyan1uiisuain Google lng
dlvanunsadeniiveyamuiisulalagliialyane

Alganunsaldaulansludnuazveinisiienamaiganuyves
%%a (explorer.earthengine.google.com) #3alun151 08U
code LBLEBNTBYATINAIUTULATBYALIASINUAIIUABINITUIN

ﬁﬁjﬂ (code.earthengine.google.com)



'g‘LJLL‘U‘UGzJaQﬂ’l'{LGi’N'quu explorer.earthengine.google.com

L e > Google Earth Engine X Werk

€« C fi [ httpa/explorer.earthengine.google.comy#workspaca =

Send faedback user@eoxample.com =

Google Earth Engine

Exp [orcr Manage workspace ~ Staging ~ Duta Catslog  Workspace

Map | Satelite |

MYDO092Q1 Surface Reflectance 8-Day L3 Glob... ® +

MYDO02Q1 Surface Reflectance 8-Day L...
SATM Digital Elevation Data 30m

Landsat TOA Percentile Composite ® >
Oct 24, 2015 - Nov 1, 2015 Jump to date
|~ visualization

1 band (Grayscale) @ 3 bands (RGB)

sur_refl_ b02 ~ sur_refi_ b02 ~ sur_rofl b01 ~

Range
I -100 - 8000 Custom .
| Opacity e Gamma

Ocean

GO gle 1000 XM b Termsof Uae  APPOrT & map errer

fun: https://earthengine.google.com/platform/




5ULUUBIN3LYe1UUY code.earthengine.google.com

run script
save script
get link to script console output
search for data imports task
ask manager
AP documentation —] l
) C’O‘ ) EAY ;'e;m Swact prws an) SAlisels n. ; N (—————. help button

script manager ——e CoEm w0l

faninn ; i ““ 2 L { 20 'MODOL 3i foin fefleCtawc Bia H .*l' “u‘:‘ s : sy

smmons I B e A - i it

e Ehotmg g e 5% (EM1e Tagred: Wp) | MY KERMME
asset manager e g 1 e 3 wiows @ . . .
e s inspect locations, pixel
o :E-.u'x—-u-m-|.--r.-.\mv'ru~nu prente '“1:: iy Values, and Objects

eEads) Liet (2 eleserie)
spropetties | Dbpeet (8 pragectine)

e - o added to the map

3

“
5

'

Ed
e
3
0
v
n
o
1
®
n
»
R
H
w

geometry tools ——e :

zoom ——e layer manager

SATHES

fiun: https://earthengine.google.com/platform/



11111l i,
A819UaYauUU Google Earth Engine

Surface Temperature
* MODIS, ASTER, AVHRR, and Landsat thermal data.
Climate

° NCEP/NCAR, NLDAS-2, GridMET, MACAv2-METDATA and the NASA Earth Exchange’s

Downscaled Climate Projections.
Atmospheric

* Ozone data from NASA's TOMS and OMI instruments and the MODIS Monthly Gridded

Atmospheric Product
Weather

* NOAA's Global Forecast System (GFS) and the NCEP Climate Forecast System (CFSv2)

Landsat

° Landsat, a joint program of the USGS and NASA, has been observing the Earth continuously
from 1972 through the present day with 30-meter resolution.

fiyn: https://developers.google.com/earth-engine/datasets/



A7E19UBYauU Google Earth Engine (49)

High-Resolution Imagery

* The US National Agriculture Imagery Program (NAIP) offers aerial image data of the US at one-

meter resolution.
Terrain

* Shuttle Radar Topography Mission (SRTM) data at 30-meter resolution and WWF's HydroSHEDS
hydrology database.

Land Cover
* MODIS, ESA's GlobCover, and the USGS National Land Cover Database.
Cropland

* Global Food Security-Support Analysis Data (GFSAD) including cropland extent, crop

dominance, and watering sources.
Nighttime Light

* Defense Meteorological Satellite Program's Operational Linescan System (DMSP-OLS)

fiyn: https://developers.google.com/earth-engine/datasets/ 10



R29819 Google Earth Engine Code

(1) Monthly Water Presence ** (map)
https://code.earthengine.google.com/fff7e941b641cd464af99f19418a5db3

(2) Monthly Water Presence ** (time series)

https://code.earthengine.google.com/95989e98338199a234bbd816d27e%aed

(3) Nighttime Light ** (time series)
https://code.earthengine.google.com/34ff212c79a46bd20d594886812a0e78

(4) Land Surface Temperature
https://code.earthengine.soogle.com/84d4e2c195b93217c7ccl133327elacef
(5) Rainfall
https://code.earthengine.google.com/b5311768218efdbcf6ealbbdbbf204de
(6) NDVI ** (Vegetation Index)
https://code.earthengine.coogle.com/acba76f99053b259959aed48282f92a4c

** Credit: Chhunleang Rorm and Dr.Pongsak Suttinon
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https://code.earthengine.google.com/fff7e941b641cd464af99f19418a5db3
https://code.earthengine.google.com/95989e98338199a234bbd816d27e9aed
https://code.earthengine.google.com/34ff212c79a46bd20d594886812a0e78
https://code.earthengine.google.com/84d4e2c195b93217c7cc133327e1acef
https://code.earthengine.google.com/b5311768218ef4bcf6ea0bb4bbf204de
https://code.earthengine.google.com/acb476f99053b259959ae48282f92a4c

»29819 Google Earth Engine Code

Goggle Earth Engine Search places and datasets... n

Filter scripts... m il 18 title: "NDVT l,ong—TérmTime Series', : . ~  (Click on the map to
o ) 19 vAxis: {title: 'NDVI'}, inspect the layers.
~ Owner 8 1);
~ users/nattapong/NDVI 21 print(TS5);
I Area Computation 22 //Short-Term Time Series
3 Bangkok_Nighttjme Ligh‘l : ji' var T51 = i::;gl’":g;]s:;:i:&;5:1?:;20“12:::??“61, small region, ee.Reducer.mean(), 'NDVI', 508, 'system:time start')
B DMSP OLS $o2 g , . s
25 vAxis: {title: 'NDVI'},
| Example_where()_command % 1); W
[ LA_Low NDVI and low NDWI 27 print(T51);
iLandSurfaceTemp 28 //Set Center of Map & Add Clipped Image Layer + Global NDVI
| MODIS Classificatio 29 Map.setCenter(102, 15, 5); //long, lat, zoom
n 3B Map.addLayer (clippeddl, {min: 0.@, max: 1, palette: ['FFFFFF','CC9966','CC9986"', '996600', '33CCea’, ‘@e99ee’ , 'essse
:MODISLandCoverYearlyGIobal 500m 31 Map.addiayer(collection@l,{min: 8.8, max: 1, palette: ['FFFFFE',’'CC9966°, 'CCO00R", 'S96666°, '33CC8A', 'AA9500', @OGEL
Nattapong_GIS_Province LST 32 v
I Nattapona TH GIS Province = e ’
SR paA o ARRANIN bR 7 U ff E e . N e o Satnsy
2 { Hong Kon
Q ? .'V;"_ % Geomelry Imports  Ndwara ] 1 i‘j ‘ﬂ(g’#"‘;‘{ Ha 'r’qoi Ra o E§g g Layers I unud e
4 e ) =
i lo3man
+ aly :
Mumbai MV IEgIE 3 Luﬂ.na{ an {\/ 5 gﬂlﬂ ra
= i v B epluptamt Gusdund usimaluui R - -
o s e bkl
318 ! e L
Igune ﬂd'g'nm :
ha naals Uz
f1iwiman sl ined Ma%mla
fimaed  tauls
Ban%a}um hegnai dranss
Yoy WavTwd
Mysura® :
N e i . sunsladgion s
8§ duniu o guaalzau ng
Koohi_ o Ho Chi Minh ng Cebu
ELE
Google o v Y
vinte )b @iagm 7 ©2018 Google, SK felecom, ZENRIN' 200 . ¢ J sarwuetunetiam
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Satellite

Data Full Name

Resolution

Area

(approximate)

Data
availability

Duration

Frequency

Rainfall

CHIRPS Pentad: Climate
Hazards Group InfraRed
Precipitation with Station
Data (version 2.0 final)

0.05 arc
degree

110 m"2/Pixel

Jan 1, 1981 -
Jul 26, 2019

Monthly

https://code.earthengine.goo

gle.com/624e8e9939f08deb9

712d79eb1707696

Nighttime Light
(Old)

DMSP OLS

DMSP OLS: Nighttime
Lights Time Series
Version 4, Defense
Meteorological Program
Operational Linescan
System

30 arc
seconds

1 km”2/Pixel

Jan 1, 1992 -
Jan 1, 2014

https://code.earthengine.goo

gle.com/f584736a43975d74a

44£30df4277af26

Nighttime Light
(New)

VIIRS Nighttime
Day/Night Band
Composites Version 1

15 arc
seconds

375 m”"2/Pixel

Apr 1, 2012 -
Jun 1, 2019

https://code.earthengine.goo

gle.com/d3defb13283179b6b

28035e497d91da0

Land Surface
Temperature

(day)

MOD11A1.006 Terra
Land Surface
Temperature and
Emissivity Daily Global
1km

30 arc
seconds

1 km"2/Pixel

Mar 5, 2000 -
Aug 22, 2019

https://code.earthengine.goo

gle.com/83089f5a235b5c290

7118347ec16424b

Land Surface
Temperature
(Night)

MOD11A2.006 Terra
Land Surface
Temperature and
Emissivity 8-Day Global
1km

30 arc
seconds

1 km”2/Pixel

Mar 5, 2000 -
Aug 13, 2019

https://code.earthengine.goo

gle.com/a37f9c87899bae30b

fof7alab97bf572

The
Normalized
Difference
Vegetation
(NDVI)

MODIS Combined 16-
Day NDVI

15 arc
seconds

375 m”"2/Pixel

Feb 18, 2000 -
Mar 14, 2017

https://code.earthengine.goo

gle.com/28e8783964814b08

b7dd545c7484b628



https://code.earthengine.google.com/624e8e9939f08deb9712d79eb1707696
https://code.earthengine.google.com/f584736a43975d74a44f30df4277af26
https://code.earthengine.google.com/d3defb13283179b6b28035e497d91da0
https://code.earthengine.google.com/83089f5a235b5c2907118347ec16424b
https://code.earthengine.google.com/a37f9c87899bae30bf9f7a1ab97bf572
https://code.earthengine.google.com/28e8783964814b08b7dd545c7484b628

(2.1) Univariate cluster analysis

(2.2) Bivariate cluster analysis

(2.3) Regression analysis
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(2.1) Univariate Cluster Analysis

N1SNAFOUAMANBUENITNTEINAY/NTLANAVBIVaYalaelULATaaN19

NHNA (Spatial Statistics) 14U Local Indicators of Spatial Association
(LISA) %38 Getis-Ord Gi* statistics

2.1.1 s1wlaniuseu (Veya SES)

2.1.2 716l9¥0u5991U (Toya LFS)

2.1.3 maa%wgamLﬁ'mm@ﬂﬁzﬂaumﬁ (Voya Industrial Census)
2.1.4 feyauasinnansduiingradulaganiiiios (DMSP-OLS uay VIRS)
2.1.5 %@Mﬂﬁﬁ%ﬁﬁ%?\lﬁmﬁmi’mﬁumEJGH’JLﬁEJZLI (Vegetation Index)
2.1.6 ToyadviiuTnasufingiadulneanuiion (Precipiation Index)

2.1.7 Yayagumngiinaraiulaznanedu (Land Surface Temperature)

15



2.1.1 Univariate Cluster Analysis - elan3asou (Yaya SES)

n's | 0.45

r - & ®_

o
o
o

o

lagged A5

o c]
o

o

o, B

o

o o

!
|
o
q
o
ol
|

o

8

D@
o
o, &4

e

LISA Significance Map: SES_
|:| Not Significant (33)
p=0.05(14)

B c-00130)
B c-o0001)

I --co0010)

LISA Cluster Map: SES_2013_
[] wet significant (33)
B +ion-High (21)

- Low-Low (18)

B Low-High (5)

[ High-Low (0)
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2.1.3 Univariate Cluster Analysis
MIE3 Y AANNNVREUTENBUNS (Yaya Industrial Census)

LISA Cluster Map: TH_
[] net significant (51)
Bl Hion-High (12)
- Low-Low (8)
B Low-High (4)
B igh-Low (0)

LISA Significance Map: TH,
[ net significant (1)
B p=00s®)

B c-coan
B c-co010)

Il c-000010) A

18



2.1.4 Univariate Cluster Analysis

Yoyausslvinansufinsaadulaeaiiion (DMSP-OLS uag VIRS)

- DMSP/OLS - 2012.. | :"

% J -
% A
- ?“ ‘“- :
s
Vel ST o




2.1.4 Univariate Cluster Analysis
Jayauadlinansauiingiadulaeanien (DMSP-OLS wag VIIRS)

DMSP/OL dta of 2013 _ Provincial NTL index of 2013

20



2.1.4 Univariate Cluster Analysis
YayauaslnnanspunngIndulaeaLiiey (DMSP-OLS wag VIIRS)

1993 2013

f1813mean

[ ] Not Significant (3314)
[l High-High (844)

Il Low-Low (1744)

[77] Low-High (3)

[] High-Low (1)

[ Neighborless (10)

f1093mean

[ | Not Significant (3552)
[ High-High (501)

Il Low-Low (1857)

[ Low-High (0)
High-Low (6)

[ Neighborless (10)

21



2.1.5 Univariate Cluster Analysis
Vayanvlinunssainsadulagmaiien (Vegetation Index)

ANy Terra

« Advanced Spaceborne Thermal Emission and Reflection Radiometer ASTER)
* Clouds and Earth’s Radiant Energy System (CERES)

« Multi-angle Imaging Spectroradiometer MISR)

* Measurements of Pollution inthe Troposphere MOPITT)

* Moderate Resolution Imaging Spectroradiometer MODIS)

« Altitude: 705 kilometers (438 miles) above Earth’s surface
* Inclination: 98.5 degrees

« Period: 99 minutes (16 orbits per day)

« Equatorial crossing: 10:30 a.m., descending node

fian: https://terra.nasa.gov/about

22



2.1.5 Univariate Cluster Analysis
YayanvsiNanssunnsRdulaem ey (Vegetation Index)

Normalized Difference Vegetation Index (NDVI)

Heathy Vegetation  Stressed Vegetation
Reflectance Reflectance

50% 8% 40%
NIR Red

W

g

NDVI = 0.72 NDVI J= 0.14

N DV' — NlR b Red ] PICTURE From: http://modis- -
tmos.gsfc.nasa.gov/NDVI/Images/NDVI.FM.WS.2001.001.NDVI.thumb.jpg
NIR + Red

PICTURE From: http://odis.ca/ndvi.html

23



2.1.5 Univariate Cluster Analysis
Vayanvlinunssainsadulagmaiien (Vegetation Index)

Vegetation Index

- Normalized Difference Vegetation Index (NDVI)

NIR—RED
NDVI = ,
NIR+RED

1ae NIR ABAINON8%190as near-infrared band

RED AaNINa18929uLas red band

714 NIR g RED #5793ulagn1iiiey MODIS Anuastden 250 was uanstayaidy
ARRENNT 8 Ju

Va o

Nu1: AR

24



2.1.5 Univariate Cluster Analysis
VayanviNunssaunns1ulagn1 e (Vegetation Index)

25



= A

Yayanslinunssaiinadulagnniiay (Vegetation Index)

Rice growing stage

(crop cycle length of 120-150 days)

2

>

120 days

Plant height

nd crop

Seeding dates

& o
o & @ g F
s «*"’& & S 8

Vegetative | Reproductive
phase phase

0O 20 40 60 80 100 120
Number of days after sowing
Source: Le-Toan et al. (2003)

Jun | Jul | Aug | Sep | Oct | Nov | Dec

Harvesting dates

Seeding dates l

Harvesting dates

Page 26



o A

Yayanslinunssaiingadulagnnaiay (Vegetation Index)

Crop cycle of rice indicated by values of NDVI

0.80

0.75

0.70

o
h
v,

o
o
o

' Seeding date Harvesting ddte

NDVI Value

o
i
v

Mature date

0 50 100 150 200 750 300
day

un: algmavuasAue (2557) 07




o A

VayanulNunssuNnTRULnea e (Vegetation Index)

\-)Northeastern area: rain-fed cultivation

Single crop

RHHIH T

Multi crop

NU7: ARUEEITY wae lgnIYhasAM(2557)

28



2.1.6 Univariate Cluster Analysis
Yayanvlusuraruingadulagaiigy (Precipiation Index)

o Py
N ﬂmuQ'JQEJ 29



2.1.7 Univariate Cluster Analysis

%’ayjaqm%gﬁnma"s’uumnmaﬁu (Land Surface Temperature)

30



(2.2) Bivariate Cluster Analysis

N1SNASIUUILINNANITNTZINAITINAUYDS 2 AWUS LaeliaTeslie

N9NUENRA (Spatial Statistics) 141 Local Indicators of Spatial
Association (LISA)

/N

31



L
(2.2) Bivariate Cluster Analysis

2.2.1 ANUFUNUSIZIINe Nighttime-Light uaz Population Density

Moran's |- 0.264326

lagged POP_20183
-2.00 0.00 2.00 4.00 6.00

-4.00

"5.00 4.00 -2.00 0.00 2.00 4.00 6.00
NTL_2018

5.00

32



(2.2) Bivariate Cluster Analysis

2.2.2 ANUFUNUSTEHINN Nighttime-Light waz NDVI

_mea_1

lagged NDWI

NTL_2000_m,NDVI_mea_1
e — | ] Not Significant (4397)
B High-High (131)

Bl Low-Low (879)

[ ] Low-High (1553)

[ ] High-Low (395)

[ Neighborless (12)

I~
-7.00 -5.00 -3.00 -1.00 1.00 3.00 5.00

33



L
(2.2) Bivariate Cluster Analysis

2.2.3 AMUFNUTIZI19 Population Density wag NDVI

LPopDen_16,NDVI_16
[ ] Not Significant (1159)
B High-High (1178)
B Low-Low (1308)
[ Low-High (1079)
[ ] High-Low (2643)

Moran's | -0. 1205759

4.00 6.00
1 1

2.00

lagged MDY 16

<200 000

-4.00

aa

1 I 1
S.00 400 -200 000 Z00 400 800
LPoplen_18

-G

Ya
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L
(2.2) Bivariate Cluster Analysis

2.2.4 AMUANNUSIZII9 Rainfall waz Land Surface Temperature

Rain_Y2016,THA_LST_27
[ ] Not Significant (940)
B High-High (378)

B Low-Low (535)

[ ] Low-High (2719)

[ ] High-Low (1354)

Moran's | -0 438779

A_LST 27

lagged TH
FO0 <500 300 100 100 300 500

T
7.00 -5.00 -3.00 -1.00 1.00 3.00 5.00
Rain_Y2016 Nu1: AEEIY
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(2.2) Bivariate Cluster Analysis

2.2.5 A2NNEUNUSSZ919 NDVI 1ae Land Surface Temperature

F2016_mean,THA_LST 27
|| Not Significant (940)
B High-High (413)

B Low-Low (202)

[ ] Low-High (2684)

[ ] High-Low (1687)




L
(2.2) Bivariate Cluster Analysis

2.2.6 AMUFUNUSITLHIN9 Rainfall wag NDVI

F2016_mean,Rain_Y2016
[ ] Not Significant (907)
B High-High (1196)

B Low-Low (2587)

[ Low-High (381)

[ High-Low (855)

Moran's [ 0470428

9.00
|

6.00
1

3.00
|
.

lagged Rain_Y2016
-3.00 000

-6.00

9.00

1 I 1 I 1
‘900 -£.00 -3.00 0.00 300 600 9.00
F2015_mean
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(2.3) Regression analysis

Google Earth Engine’s data and Poverty Analysis

Poverty headcount 518f1ua (.. 2015) - Yayaan &&v.

reg pov nm2015 log NDVI 2015 log VIIRS density 2015 1log LST 2015 log Rain 2015

Source | SS df MS Number of obs = 7,338
————————————— Fmm F(4, 7333) = 194.94
Model | 16417.3954 4 4104.34884 Prob > F = 0.0000
Residual | 154392.48 7,333 21.0544771 R-squared = 0.0961
————————————— - == Adj R-squared = 0.0956
Total | 170809.876 7,337 23.2806155 Root MSE = 4.5885

pov_nm2015 | s Coef. * Std. Err t f P>t é [95% Conf. Interval]

——————————————————————— - e

log NDVI 2015 | : .2881256 §.2947151 0.98 E 0.328 E—.2896007 .8658519

log VIIRS density 2015 | §—.5424799 5.0266248 -20.37 E 0.000 E—.5946721 -.4902876

log LST 2015 | :-7.414032 1} .9165958 -8.09 ¢ 0.000 i-9.210823 -5.61724

log Rain 2015 | :-.6863176 §.2219498 -3.09 § 0.002 §—1.121403 -.2512321

_cons | i 29.42049 53.437492 8.56 : 0.000 i 22.68202 36.15897

. o
o 2 -
—_————— e e A e — —— r._______‘70______________________

AYaIN GEE auilNnuadiaudunusiuaviininueinausieauastalitegsdAgynieais

NUT: AUTHIVY Page 38



(2.3) Regression analysis

Google Earth Engine’s Data and Poverty Analysis

Poverty headcount 578f1ua (A.f. 2017) - YayavN e,

reg pov_nm2017 log NDVI 2017 log VIIRS density 2017 log LST 2017 log Rain 2017

Source | SS df MS Number of obs = 7,339
————————————— e F(4, 7334) = 299.97
Model | 12699.683 4 3174.92076 Prob > F = 0.0000
Residual | 77624.753 7,334 10.5842314 R-squared = 0.1400
————————————— - Ad] R-squared = 0.1401
Total | 90324.436 7,338 12.3091355 Root MSE = 3.2533

pov_nm2017 I{ Coef. ! Std. Err. t i P>t E [95% Conf. Interval]

——————————————————————— +4f---—

log NDVI 2017 |i 1.075886 } .2184083 4.93% 0.000  .6477434  1.504029

log VIIRS density 2017 |i -.4944533 } .0220542 -22.42f 0.000 { -.5376859 ~-.4512208

log LST 2017 |§ -4.885596 : .7589498 -6.44: 0.000 E -6.373356 -3.397836

log Rain 2017 | i -.4338144 i .175978 -2.47f 0.014 i -.7787819  -.0888469

_cons | i 20.36793 i 2.904078 7.01F 0.000 i 14.6751  26.06076

_________________________ s e e e

)

v A /= | / % 6 v A o 1 a o (] %4 aQ
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