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1.GIOI THIEU GEE

Google Earth Engine (GEE) 1a mét nén tang dién toan ddm may dugce
phat trién dé xu 1y anh vé tinh va cac dit liéu dia khong gian khac. N6 cung cap
quyén truy cap vao co s dir liéu khéng 16 anh vé tinh va cac thuat toan can thiét
dé phan tich anh vé tinh. GEE cho phép giam sat nhiing thay d6i trong cac linh
vuc nong nghiép, tai nguyén nudc va khi hau... sit dung dir liéu dia khong gian
v6i cac mirc d6 phan giai theo khong gian va thoi gian khac nhau. N6 cung cap
mot danh muc dir li€u cung voi thudt toan phan tich, cho phép cac nhom nguodi
dung khac nhau, chang han nhu cic nha nghién ctru va chuyén gia tai nguyén
moi truong cong tac béng cach sur dung dir li€u, thuat toan va minh hoa béng
hinh anh.

Viéc sir dung GEE di tang nhanh trong vai nim qua, trong nhiéu co quan
(nghién ctru, chinh phu, va tu nhan) ciing nhu trong nhiéu linh vuc Gng dung
khac nhau (quan 1y nudc, néng nghiép, bao ton thién nhién, v.v.). Sy pho bién
ctia cong cu ¢o lién quan dén nhimg loi ich to 16n ctia nd so véi cac cong nghé
thong thuong khac, bao gdm nhiing diéu sau:

Xt ly anh dugc thyc hién trén dam may, c6 nghia I1a ban khong can tai
hang gigabyte dir liéu xudng PC cua minh ntra. Piéu nay giap tiét kiém dung
luong 6 cing, chi phi co so ha tang va khic phuc cac han ché lién quan dén tdc
do internet;

Phan mém xit 1y anh vién tham dc biét khong con can thiét, gifp tit
kiém chi phi cap phép phan mem

Téc do xu ly cao va tiét kiém thoi gian lam viéc quy bau;

Cung cip quyén truy cap vao cac b dir liéu khéng 16 khong chi & quy mo
qudc gia ma con & quy md toan cau, cho phép thuc hién cac phan tich xuyén
bién gidi (can thiét cho cac nghién cliru méi truong!);

Cung cAp quyeén truy cap vao hang thap ky dit liéu lich str cho phép phan
tich chudi thoi gian;

Cung cap quyén truy cap vao cac tap dir lieu v¢ tinh da cam bién da duoc
xu ly trude, cho pheép dé dang tich hop nhiéu ngudn dit liéu khac nhau ma khong
tén thoi gian stra/tién xir 1y;

Cho phép ban chia sé cong viéc va kién thirc ciia minh vé6i cac chuyén gia
khac cling nhu vé1 cong chung.

2. HUONG DAN SU DUNG GEE
2.1. Pang ky

Viéc sir dung GEE yéu cau phai c6 tai khoan Google. Pang ky GEE c6
thé duoc thuc hién tai day:

https://earthengine.google.com/signup/

Néu ban d3 dang ky, ban ¢ the chuyén sang ("Dang nhap").

Pé ding ky, trudc tién ban can nhép dia chi email va mat khau Google
cia minh. Sau d0, ban sé& can dién va gui biéu mau bao gdm tén, don vi/td chuc
cong tac, qudc gia ciia ban va mot cau giai thich ban mudn st dung Earth Engine



https://earthengine.google.com/signup/

cho muyc dich gi. Ban cting s&€ phai chap nhan cac Diéu khoan va Piéu kién. Mot
s6 Diéu khoan dich vu quan trong can xem xét 13:

. GEE duoc phép sir dung trong nghién ctru, phat trién va gido duc.
N6 ciing c6 thé duge str dung dé danh gia hoat dong thuong mai nhung khong
dugc st dung cho muc dich san xuAt bén viing.

. Khong dam bao rang GEE s& duy tri truy cp mién phi.

. Cong ty Google c6 thé truy cp cac cau lénh/code ctia ban.

Néu qua trinh ding ky cua ban dién ra tot dep, ban s& nhan duoc email
x4c nhan sau vai phat, hiém hon 1a sau vai ngay.

Dang nhap

Pang nhap va lam vi¢c thong qua Trinh soan thdo ma cua GEE. Pay la
noi ban c6 thé phat trién cac tap 1énh cua riéng minh dé phan tich vo s6 dir liéu
c6 san. Trinh soan thao ma ¢ thé duoc truy cap théng qua lién két nay:

https://code.earthengine.google.com/

Trinh soan thao ma

B6 cuc ctia Trinh soan thao ma va vi tri cia cac chitc ning co ban duoc
hién thi trong hinh bén dudi. Chiing ta sé thao luan vé nhiing yéu t6 niy trong
sudt cac bai tap tiép theo.

Tao tap lénh dau tién cua ban

O phia trén bén trai man hinh ctia ban c6 mot khéi voi ba tab: Scripts (Tap
1&€nh), Docs (Tai liu) va Assets (Dir liéu) dugc khoanh trong hinh chit nhat mau
do cua hinh dudi. Day 1a trinh quan 1y tap 1énh, tai liéu API va trinh quan 1y dir
liéu.

Bam vao tab Scripts ¢é chon Trinh quan 1y tap 1énh. Ban c6 thé tao mot
tép méi bang cach nhap vao nat mau do

Néu 1a 1an dau tién ban lam chuyén éy, ban s€ duoc yéu cau tao thu muc
chil ctia minh. Luu ¥ dit tén cua thu muc nay mot céch can than, vi nod s& hién
thi v&é1 nhitng nguoi dung khac khi ban chia sé cong viéc ciia minh va ban sé&
khong thé thay doi tén sau khi di tao.



https://code.earthengine.google.com/
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Tuong tu, ban ¢6 thé tao cac thu muc va t¢p mdi. Tao mdt tép mdi bang
cach nhap vao niit mau doé ban, vi du nhu 'training_script":

Create file

Enter @ name or path for the file:

ugers/hivgee/training « training script

First scripy

= -

Ban c6 thé d6i tén cac tap 1énh bﬁng nut Q va xdéa ching bﬁng nut

Theo céach tuong tu, ban co thé tao cac thu muc va kho luu trit méi. Ban
c6 thé di chuyén cac tap 1énh va sip xép chiing vao cac thu muc bang cach sir
dung chic nang kéo va tha. Néu ban kéo tap Iénh sang mot kho luu trir khac, tap
1énh do6 s€ duogc sao chép.

Trinh quan 1y tap 1énh co mot s6 phan phu, bao gdm ca 'Example'. Tai
day, mot danh sach phire tap gdm cac tap lénh mau dugc cung cap, tat ca déu da
san sang dé chay. Bat ctr khi nao ’ban mudn phat trién mot tap 1énh GEE mdi, co
thé s& hitu ich khi kiém tra mot s6 vi du trudc dé xem da ¢ san nhimg gi.

Tai liéu API

Trong tab Docs, ban c6 thé tim thiy tat ca cac phuong phap (ham) co san
de xtr 1y dit liéu. Ban c6 thé s& thuong sir dung mot sé ham trong ee.Image, chira
tat ca cac thao tac c6 thé duoc thuc hién trén anh. Mot vi du khac 1a ee.Reducer,
chtra mot s6 chirc nang hitu ich dé trich xuat s6 lidu thong ké tir anh. Nhap vao
mot phuong thire bat ky s& cung cap cho ban mé ta vé chirc nang va ct phap phu
hop cua no.

Trinh quan ly dir licu



Cubi cung, trong Assets, ban c6 thé quan 1y va tai 1én cac bang va tap dir
liéu dia khong gian. Nhing “tai san' ndy ban dau 1a riéng tu nhung c6 thé dugc
chia sé vo1 nhitng nguoi khac.

2.2. Viét va chay tap Iénh dau tién cia ban

Bay gid ban sé& viét va chay tap 1énh dau tién ciia minh.

Ban c6 thé md tép (vi du: 'training_script’) ma ching ta di tao & budc
trudc bang cach chon no trong Trinh quan 1y tap 1énh & bén trai. N6 s& duoc mo
trong Trinh soan thao ma Code Editor, 1a khu vuc dugc khoanh do trong hinh
bén dudi. Hién nd van dang tréng, nhung ching ta s& viét ndi dung vao nd sau
nay.

United States

Ban c6 thé luu tap 1énh bang cach nhan nut Save trong Trinh soan thao
mi. Piéu quan trong 1a phai luu tap 1énh ciia ban thudng xuyén trong khi ban
dang viét! GEE thém dau * vao sau tén tap 1énh néu c6 nodi dung chua duoc luu
trong tap 1énh cua ban. Sau khi ban da viét nhitng dong md dau tién cua minh
nhu s& duoc giai thich trong cac phan tiép theo, ban c6 thé sir dung nat 'Run’
trong Trinh soan thao mé dé GEE thuc thi ma cua ban.

JavaScript

GEE str dung ngdn ngit 1ap trinh JavaScript. Néu ban chua timg 1ap trinh
trude day, dung lo lang. Huéng dan nay s& giai thich cho ban ca phap cua
JavaScript va cac chirc nang cia no.

Néu ban da quen véi 1ap trinh, hay luu y rang nhiig diéu sau day c6 thé
s& khac voi nhitng diéu ban da biét:

. Pé dinh danh mot bién mdi, ban phai st dung tir khoa var.

. Mdi cu phap trong JavaScript déu két thuc bang dau chidm phay (;).

. Ban phai chay toan bd tap lénh ctia minh cung mot luc béng
JavaScript. Ban khong thé chon, vi du, hai dong I¢nh cia minh va chi chay
chang.

. Chi muc cua lists va arrays bat dau tr 0 thay vi 1. Vi du, néu ban
mudn goi phﬁn tir dau tién cua mot list, ban sé phai dung 1&€nh list[0] thay vi
list[1].

2.3.Viét va chay tap lénh

Nhép 'Save' va 'Run'.



~ Hinh chir nhat mau do bén dudi bicu thi Bang diéu khién (Console). No
hién thi tat c4 dau ra tur tap 1€nh sau khi tap 1€nh dugc chay. Trong truong hop
nay la: 'Hello World?".

Google Earth Engine e ol 2
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Luu va chay lai tap 1énh. Bay gid ban s& thay rang khong c6 gi duoc in ra
trong Bang diéu khién. Piéu nay 1a do bat ky dong 1énh nio bat dau bang hai
dau gach chéo (/) déu sé& bi bo qua trong khi chay ma. Ban c6 thé sir dung chirc
nang nay dé viét ghi chl cho chinh minh dé c6 thé hiéu ma sau nay. Phim tat
cho 1énh nay 1a CRTL + /. Bé bo ghi chii mot dong, hay nhan lai to hop phim tat
d6. Ban ciing c6 thé str dung to hop phim tit nay dé nhanh chéng nhan xét nhiéu
dong ma da chon. Piéu nay co thé hitu ich cho viée g0 16i ma cta ban. Vi du:

| Gettink -l save v. Run -l Reset -l Apps El
. // The next line prints Hello world! to the console.
. print('Hello World 1j|
Lénh print ¢ thé dugc st dung dé in nhiéu loai bién khac nhau nhu van
ban, s6, tham sd va tap dit liéu vao bang diéu khién.
2.4. Ban d0 d9 cao

Bay gid ban da sin sang dé st dung dit liéu vé tinh trong GEE. Trong bai
tap ndy, ban s& xem ban d6 do cao dua trén dir liéu vé tinh SRTM (Shuttle Radar
Topography Mission).

Budc 1. Pau tién hiy tao mot tap 1énh méi va dat tén 1a 'Elevation'.

Can giita ban d6

Ban c6 thé s& nhan théy ché do xem ban d6 ¢ nira dudi cia cia sb. Rat co
thé, trong man hinh cta ban, n6 hién dang & Hoa Ky. Chung ta c6 thé can no vao
mot vi tri khac theo cach sau:

Budc 2. Nhap ch phap sau vao tap 1énh va nhap vao Run.

I/l Zoom to a location (first value: longitude; second value: latitude; third
value: zoom).
Map.setCenter(105.8, 21.0, 7); // Center on Hanoi

Luu va chay tap 1énh dé xem diéu gi s& xay ra. Ban do s& duoc can vé Ha
Noi:
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Thém dit liéu vé tinh SRTM vao ban d6

Ban ¢6 thé str dung dit liéu vé tinh SRTM dé xem ban do do cao.

Budc 3. Pé tai dit liéu, ban thém cu phap sau vao tap 1énh va nhap vao
Run:

/[ Define an image using the Image constructor. var image =
ee.Image('CGIAR/SRTM90 V4Y;

Pé hiéu diéu gi xay ra trong dong 1énh nay, hiy cing khdm pha timg
budc, bit dau tir phan cubi:
| var image = ee.Image('CGIAR/SRTM90 V4'); |

Phan ma nay tai dir liéu vao GEE. Ban c6 thé thay thé tén gitta dau ngoic
don () bang tén ciia mdt tap dir lidu khac dé chon cac dit liéu khac nhau. Ban s&
lam diéu d6 trong cac bai tap sau.
| var image = ee.Image('CGIAR/SRTMO90 V4'); |

Ban c6 thé gan dir liéu SRTM vao mot bién. Dé lam diéu nay, ban ludn
bat dau bang tir var, theo sau Ia tén cta bién, trong truong hop nay 1a image. Ban
c6 thé chon bat ky tén nao cho bién ctia minh.

Budc 4. Ban c6 thé hién thi nd bang cach thém né lam 16p méi trén ban
d6 bang cach thém cu phap nay vao tap 1énh va nhp vao ‘Run':

// Display the image on the map.

Map.addLayer(image);

Bay gid hay luu va chay tap 1énh. Nhing gi ban thay, c6 thé khién ban hoi
that vong: N6 chi hoan toan 13 mau xam!




z -~ l ~ E Console Tasks —

Trong cac bai tap tiép theo, ban s& 1am cho ban d6 d6 cao sinh dong va
hiru ich hon.

Budc 5. Bung quén luu tap 1énh cta ban!

Tén gitra diu ngodc don ¢ budc 3 (CGIAR/SRTM90_V4") xac dinh tap
dit liéu d6 cao SRTM. Pé biét tén cua dix lidu trong trinh soan thao ma cua GEE.
Hay nhin vao thanh ¢ diu man hinh cua ban:

Go gle Earth Engine Search places and datasets.

Nhap SRTM vao thanh nay va nhip vao nut tim kiém (hodc nhéan enter).
Ban sé& thay ‘SRTM Digtial Elevation Data Version 4' trén dau. Pay 1a tap dir
liéu ma chung ta dang tim kiém! Nhip vao tiéu dé va cira s6 cua tap dir lidu nay
Xuét hién.

2.4. Siéu dir ligu (Metadata)

Anh v tinh thuong duoc tao thanh tir mot hoic nhiéu dai quang pho. Mdi
bang tan (band) quan sat mot phan cu thé cua phd dién tir va c6 tén riéng, cac gia
tri pixel va do phan giai pixel. Nhu ban s€ sdm kham pha ra, hinh anh SRTM co
mot band: "d6 cao". Néu mot anh don bang tan dugc thém vao ban dd, theo mic
dinh, GEE hién thi band ¢ thang d xam, trong d6 gia tri nho nhat dugc gan cho
mau den va gia tri 16n nhat dugce gan cho mau trang. Néu ban khong chi dinh gia
trj ti thiéu va tdi da 1a bao nhiéu, GEE s& sir dung cac gia trj mic dinh. Vi du:
hinh anh ban da thém vao ban do trong bai tap trudc dugc hién thi dudi dang
hinh anh thang d6 xam duoc kéo dai dén toan bo pham vi dir liu.

Kiém tra mot bién trong bang diéu khién

Ban c6 thé kham pha kiéu dit liéu cta anh bang 1énh print va kiém tra d6i
tugng anh trong tab Console.

Budc 1. Tao mdt tap 1énh mo1i, sao chép va dan cu phép tur bai tap trude
vao d6 (hodc nhip vao 'Save as' va nhap tén cua tap 1énh mdi). Sau d6 dan cu
phap dudi day.
| // Print the image object to inspect it. print'SRTM image', image); |

Khi ban chay tap 1énh, hiy luu ¥ rang mot doi twong xuat hién trong bang
diéu khién. Dé kiém tra cac thudc tinh cua d6i tuong, hdy mé rong doi tuong




bang cach nhap vao hinh tam gi4c bén trai dbi twong. Mé rong thudc tinh
‘bands', dai do cao tai chi muc ‘0', va thudc tinh ‘data type' cua dai do cao dé
nhan thay rang d6 1a kiéu dit liéu int16 c6 ddu. Tai day ban ciing c6 thé tim thay
pham Vi cua 16p, trong truong hop nay gia tri pixel téi da 1a 32767 va tdi thiéu -
32768. Mot thude tinh quan trong khac dugc chi dinh bang “crs' 1a hé quy chiéu
cua l6p. Day la phuong tién ma hé toa do va dir liu duoc hién thi trén mot bé
mit phang, tirc 12 chuyén bé mit cong cua trai dat sang bé mit phang. Trong
truong hop nay, hé quy chiéu 1a EPSG:4326.

Use print (...) to write to this console.

SRTM image

* Image CGIAR/SRTM90_V4 (1 band)

type: Image

id: CGIBR/SRTM90V4

version: 1624972749315785

"0: I"elevation", signedir.tisfEFSG:4326, 432000X14400C i.-I: filiation
lcrs: EPSG:4326 |

» crs_transrorm: [0.000833333333333, 0,-180, 0,-0.000833 ’ data type: s
igned int16

type: PixelType

max: 32767

min: -32768

precision: int

» dimensions: [432000,144000]

C phéap day du cho bai tap nay co thé dugc tim thdy & déy:

https://code.earthengine.google.com/90ba40a2955d7805b1d0adbe582341

/c
2.5. Truc quan héa

Dé thay d6i cach kéo dai dir liéu, ban c6 thé cung cap mot tham s6 b
sung cho ham Map.addLayer (). Dé kham phé nhing gia tri ndo can st dung, hay
kich hoat tab Inspector va nhap vao xung quanh trén ban dd dé co y tudong vé
pham Vi gia tri pixel.Ban c6 thé quyét dinh rang dit liéu nén duoc kéo dai tir 0
dén 1200 m. Dé hién thi hinh anh trong pham vi nay:

Budce 1. Tao mot tdp Iénh mdi va sao chép va dan cu phap tir bai tap trudce
vao d6 (hodc nhap vao 'Save as' va nhap tén cua tap 1énh méi). Sau do, thay thé
doan m3 dau tién
| // Display the image on the map. Map.addLayer(image);

bang doan ma thi hai bén dudi, sau d6 luu va chay tap lénh:

/[ Display the image on the map (incl. range and layer name).
Map.addLayer(image,

{min: 0, max: 1200}, 'custom visualization"),

Ching ta da thém mét d6i twong tham sé chira pham vi dit liéu s& duoc
hién thi, trong trudng hop nay 1a 0 ¢én 1200 m.



https://code.earthengine.google.com/90ba40a2955d7805b1d0adbe5823417c
https://code.earthengine.google.com/90ba40a2955d7805b1d0adbe5823417c

Luu y ‘custom visualization', 1a tén cua 16p dugc hién thi trong trinh quan
ly Layer. Di chudt qua hop Layers ¢ bén phai dé xem hiéu qua cua viéc doi tén
16p. Ban c6 thé bo chon hop dé tit mot 1op. Ban co thé sir dung thanh trugt dé
thay d6i do trong sudt cta 1op.

Layers

v’ custom visualization
» -~ -

Budc 2. Ching ta c6 thé thém bang mau bang cach thém thuoc tinh bang
mau nhu sau:

// Display the image on the map (incl. range, palette and layer name).
Map.addLayer(image,

{min: 0, max: 1200, palette: ['blue’, 'green’, 'red']},

‘custom palette');

Bay g10’ ban sé& thay ban do6 do cao giéng nhu sau:

e T (T - T - W - 1 1~ Dr—_-rc-q:-—
=

2.6. Loc

Trong cac bai tap trudc, mic du ching ta cin ban d6 vé Viét Nam, nhung
toan bd thé giéi dd dugc tinh toan. Pé kiém tra diéu nay, ban c6 thé thu nho
bang cach nhap vao - (phong to bang dau +) & bén trai ban d6 (hodc bang cach
lan chudt). Viéc tinh toan cho toan thé gidi chiém nhiéu nhu cau tinh toan hon
chung ta can. Vi hién tai chung ta chi quan tdm dén Viét Nam nén chung ta s&
bat dau loc theo qubc gia.

Budc 1. Tao mot tdp Iénh mdi va sao chép va dan cu phap tir bai tap trudce
vao no (hoac nhép vao 'Save as' va nhép tén cua tap 1énh méi). Sau d6 go 'FAO
GAUL' vao thanh tim kiém dit liéu & phia trén man hinh. Nhép vao lua chon thir
hai 'FAO GAUL 500 m: Global Administrative Unit Layers 2015, Second-Level
Administrative Units'.

Trong phan md ta cua tap dit liéu, ban co thé doc thong tin dir liéu nay
bao gom: "The Global Administrative Unit Layers (GAUL) compiles and
disseminates the best available information on administrative units for all the
countries in the world". Pay 1a nhiing gi chiing ta dang tim kiém!




Budc 2. Nhap 'Import' trong cira s6. Tap dit liéu s& duoc thém vao dau tap
1énh cta ban va bay gio duoc goi 1a 'table’.

Elevation *

> Imports (1 entry) o

» var table : Table FAO/GAUL SIMPLIFIED 500m/2ei5/level2

Cau héi nhanh 1.7

Ban c6 thé sir dung cach nao khac dé nhap tap dir liéu nay?

Budc 3. Doi tén dir lisu FAO GAUL da nhap thanh countries bang cach
nhip don vio 'table’, nhap countries va nhan nut Enter.

e 0 W0 e e O

= Imports (1 entry) B
* var countries! Table FAO/GAUL SIMPLIFIED 58€m/2015/level?

Budc 4. Ban c6 thé chon qudc gia bang cach nhip cu phap sau vao tap
1&énh ctia minh. Vui long nhép ¢ dau tap 1énh ctia ban dé dam bao rang cac dong
ma ti€p theo c6 the sir dung no.

/I Filter by country.
var Country = countries.filter(ee.Filter.eq('ADM0_NAME', 'Viet Nam')),

Bay gid chiing ta di chon Viét Nam nhung n6 van chua dugc ghép voi
ban d6 d6 cao ma chlng ta da thuc hién trudc d6. Chung ta s& lam diéu nay
trong budc tiép theo.

Budc 5. Thém dong ct phap sau bén dudi dong cu phap var image:

/[ Clip elevation image by country var srtm Vietnam =
image.clip(Country);

Néu ban chay script, chua c6 thay doi trong ban d6. Diéu nay la do ching
ta van chon bién 'image’ trong dong ma Map.addLayer.

Budc 6. Néu chung ta thay thanh 'srtm_Vietnam' thi chi SRTM & Viét
Nam méi dugc hién thi.

// Display the image on the map (incl. range, palette and layer name).
Map.addLayer(srtm_Vietnam,
{min: 0, max: 1200, palette: ['blue’, 'green’, 'red']}, 'custom palette');

Néu ban nhép 'Save' va 'Run' sau d6 thu nho mét chut, ban co thé thay chi
¢6 Viét Nam duoc hién thi.




b}

VietnamTMT/Elevation
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* Imports (1 entry) &
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5 /) Define an image using the Image comstructor
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7

8 // lter by country

9 var Country = countries.filter(ue. Filter og(' ADM) MAME', 'Viet Hum'));
11 g vation image ‘.,
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Budc 7. Bung quén luu code cua ban.

~

Taiwan
rong K
fongkeg
Philipg
o0
Philippines

Cu phap day du cho bai tip nay c6 thé dugc tim thiy ¢ dy:
https://code.earthengine.google.com/fb38a036aad7f4307888eee28eb06d7

2.7. Polygon

Thay vi chon mdt quéc gia nhu chung ta da lam trong bai tap 7, ban ciing
c6 thé ty minh xac dinh khu vie quan tam.
Budc 1. Tao mot script méi, trong. O goc trén bén trai cua ban dd, ban c¢6
thé thay dau hiéu dé 'V& hinh": 'Draw a shape":

O 9 NMwl B

Nhan vao né. Dung chudt v& mot hinh xung quanh khu vyc ma ban quan
tam. Nhap dup dé hoan thanh polygon. Polygon c6 thé trong nhu thé nay
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VietnamTMT/Elevation *

~ Imports (1 entry) B

» var geometry: Polygon, 6 vertices
Luu y mot déi tuong mdi voi tén bién 'geometry’ da duogc tao tu dong
trong Trinh bién soan ma Code Editor:


https://code.earthengine.google.com/fb38a036aad7f4307888eee28eb06d7a
https://code.earthengine.google.com/fb38a036aad7f4307888eee28eb06d7a

Budc 2. Nhap cac cu phap sau vao Code Editor:

/[ Define an image using the Image constructor. var image =
ee.Image('CGIAR/SRTM90_V4");

/I Clip elevation image to polygon var demClip = image.clip(geometry)

// Display the image on the map (incl. range, palette and layer name).

Map.addLayer(demClip,{'min":0,'max":400, palette: [blue’, ‘'green’,
'red']},"DEM Vietnam")

Budc 3. Nhap Run.

Di chudt qua 'Geometry imports' & goc trén cting bén trai cta ban do.

Budc 4. Bo chon 16p 'geometry' va trong nut 'Layers’ ¢ phia bén phai cta
ban d6, hdy bo chon 16p 'custom palette’. Bay gio ban c6 thé thdy DEM cua
minh:
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2.8. P déc

Do doc cua dat dai dong mot vai trd quan trong trong nhiéu qué trinh tyr
nhién, vi du nhu nuéc mua chay tran va sat 1& dat (vidy, do dbc tir 25 dén 40 36
c6 nghia 13 kha nang bj sat 16 cao). Tir ban dd d6 cao, ching ta c6 thé xac dinh
d6 dbc trong mot khu vuc theo do. Hay 1am diéu nay cho ca Viét Nam.

Budce 1. Tao mot tap I1énh mdéi va sao chép va dan ma tur Bai tap 7 (Loc)
vao do (hoac nhép vao 'Save as' va nhap tén cua tap 1énh maoi). Sau do, thém cac
dong cu phap sau dé xac dinh do doc theo do.

/Il Slope

var terrain = ee.Algorithms.Terrain(srtm_Vietnam); var slope =
terrain.select('slope’);

Map.addLayer(slope,{min: 0, max: 25},'slope’)

Dé hiéu chinh x4c cach mot ham lam viéc, ban ludn co thé tim kiém ham
do trong Docs va doc vé no. Xem ¢ day hai ham mdi da duge st dung trong
doan ma trudc:

terrain s
2

~ ee.Algorithms 3
ee.Algorithms. Terrain(input) x

¥ Calculates slope, aspect, and a simple hillshade from a terrain DEM

Expects an image containing either a single band of elevation, measured in meters, or if there's more than one band,

nAna namad ‘slavatinn’ Adde mitnit hande namad ‘olana’ and ‘sonanrt’ maaciirad in danraac nlite an nincinnad hta



ee.fmage.select

> ee.lmage

aside(func, var_args) 5

hersDescriDtorisetectors. buckets,... 6

Selects bands from an image.

Returns an image with the selected bands.

Arguments:

- thi<i’imani> ilmanel’

Budc 2. Di chudt qua 'Layers' ¢ phia bén phai cua ban do dé thay rang bay
gid c6 hai 10p, d6 1a 'custom palette' (DEM dugc cat bot véi bang mau tiy
chinh) va 'slope' ma chiing ta vira tao. Ban c6 thé an cac 16p d6 bang cach bo
chon cac hdp bén canh chung va thay doi d6 mo cua chling béng cach di chuyén
cac thanh truot.

BREEMN

Budc 3. Bung quén luu code cua ban!
2.9. Xuat anh

P6i khi ban mudn xuat hinh anh ban dd ciia minh dé trinh bay n6 bang
cac phuong tién khac hoac st dung nd trong cac cong cu GIS khac (vi du:
ArcGIS hoic QGIS). Ching ta s& dwa ra mot vi du vé cach xuét trong bai tap
nay.

Xuat anh dudi dang tiff

Buodc 1. Tao mdt tap 1énh méi va sao chép va dan ma tur Bai tap 9 (Do
dbc) vao d6 (hodc nhap vao 'Save as' va nhdp tén cua tap 1énh moi). Dé xuat
hinh anh dugc tao trong bai tap trudc sang Google Drive cua ban ¢ dinh dang
'GeoTIFF', hiy thém cti phap bén duéi:

/[Export to drive in tiff format

Export.image.toDrive({

image: slope,

description: 'imageToGeoTiff',

scale: 200,

fileFormat: 'GeoTIFF'

by,

Budc 2. Kiém tra Tasks di chuyén sang mau cam va nhip vao 'CHAY".
Khi



hoan tét, ban cé thé tim thdy * .tiff trong Google Drive cua minh.

Refresh
M imageToGeoTiff
Khi xuat doi khi xuat hién '16i' rang s6 lugng 6 ludi can xuat qua 16n. Ban
c6 thé giai quyéet van dé nay bang cach tang ty 1¢ hoac bang cach chon mét khu
vuc nhoé hon.
2.10.Xuat hinh anh dwéi dang PNG hoiac JPG

Bude 1. Pé xuét hinh anh dudi dang PNG hodc JPG, hdy thém cl phap
bén dudi vao ma cia ban:

//[Export as PNG and print download URL (region: array of lon/lat points
(E,S,W,N))

var  map = slope.visualize({bands:"slope”, min:0, max:25,
forceRgbOQutput:true});

var url = map.getThumbURL({dimensions:'1000',region: [[111,16],
[106,8], [101,16],[106,24]], format:'png'}); print(url)

Hinh anh duoc tao ra nhu duoc chi ra trong mo ta "mang (array) cac diém
kinh do/vi d6 (E,S,W,N))" (xem hinh bén dudi). Dleu nay c6 nghia 1a d6i voi
mdi diém trung tim cua ving, mot gia tri (lon/lat) can duoc dua ra.

https://c.tadst.com/gfx/600x337/longitude-and-latitude-simple.png?1

Budc 2. Kiém tra Console chuyén sang mau cam va mé lién két dén hinh
anh. Nhap vao nat chudt phai khi dang & trén hinh anh va sau d6 nhap vao 'Save
Image As' dé luu hinh anh trén mdy tinh cta ban.

Budc 3. Thém céc ¢l phap ndy vao tap 1énh va chay lai tap 1énh dé xem vi
tri dat cac diém cta ving cho hinh anh:

//Add points to map

var east point = ee.Geometry.Point([111,16]);

var south_point = ee.Geometry.Point([106,8]); var west point =
ee.Geometry.Point([101,16]);

var north_point = ee.Geometry.Point([106,24]);

Map.addLayer(east_point,{color: 'green'}, ‘point east’)
Map.addLayer(south_point,{color: 'yellow'}, 'point south’)
Map.addLayer(west_point,{color: 'red'}, ‘point west')

Map.addLayer(north point,{color: 'blue'}, 'point north")
Ban c6 thé xuét ban d6 ctia minh & cac dinh dang khac nhau va dén cac vi
tri khac nhau. Dé biét thém thdng tin, hdy xem ¢ day:
https://developers.google.com/earth-engine/exporting
CU phéap day du cho bai tap nay co thé dugc tim thy & day:
https://code.earthengine.google.com/6c09b813a9d7e05c901eb3d5050284

00



https://c.tadst.com/gfx/600x337/longitude-and-latitude-simple.png?1
https://developers.google.com/earth-engine/exporting
https://code.earthengine.google.com/6c09b813a9d7e05c901eb3d505028400
https://code.earthengine.google.com/6c09b813a9d7e05c901eb3d505028400
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2.11.Tai 18n mét shapefile

Trong mot s6 truong hop, ban co thé mudn st dung dit liéu ma ban da tu
tao hodc khong thé truy cép truc tiép tir GEE. May man thay, GEE cung cap kha
nang tai 1én dir liéu cua riéng ban. Trong bai thuc hanh nay, ban s&€ hoc cach
thuc hién viéc nay, sir dung vi du vé mot shapefile cua cac co soy t& & Viét
Nam. Muc dich 1a dé hinh dung tat ca cac co s& y té cing nhu lam noi bat co so
ndo 1a nha thudc va co s& nao 1a bénh vién. Hay bat dau!

Buéc 1. Tao mot tap Ilénh tréong méi. Tai tép  zip
'hotosm_vnm_health_facilities_points_shp.zip' chira shapefile cac co so y té tai
Vit Nam tr Moodle hoic truc tiép tr trang web sau:
https://data.humdata.org/dataset/hotosm vnm health facilities

Budc 2. Trong GEE, shapefiles ¢ thé dugc tai 1én vao Assets ¢ bang diéu
khién bén trai. Bi dén Assets, nhap vao 'NEW' va sau d6 chon 'Shape files'.

mage collection Folder

Budc 3. Chon tép zip c6 chira shapefile cta cac co sé'y té trong d6 (khong
can giai nén tép zip trude) va sau d6 nhap vao 'UPLOAD':

Budc 4. Trong Tasks trén bang diéu khién bén phai, ban sé& thdy rang tép
shapefile dang duoc tai 1én. Sau khi hoan tat, ban c6 thé tim thay shapefile da tai
Ién trong tab Assets (LEGACYASSETS'). Ban c6 thé can phai nhap vao dé lam
moi ché d6 xem. Trong cac budc tiép theo, chiing ta s& nhap shapefile nay vao
mot tap 1énh mdi va truc quan hoa né trén ban do.

Budc 5. Bi dén Scripts tao mot tap 1énh méi cho bai tap nay. Mé tap 1énh
moi, sau do nhap lai vao Assets, nhap vao
'hotosm_vnm_health_facilities points sh' va sau d6 nhap vao 'IMPORT".
Shapefile cua ban hién da dugc nhap vao tap 1€nh (xem 'Imports' & dau tap 1énh
cua ban).



https://data.humdata.org/dataset/hotosm_vnm_health_facilities

Budc 6. Thay thé tén bién 'table' bang 'health_facilities', bang cach nhap
don vao né va nhap tén mai:

T Imports (1 entry) B

> varl health facilities:| Table

Bude 7. Vi ching ta chua ty tao shapefile ma da tai xubng, trudc tién
ching ta can hiéu thudc tinh mé ta nd. Thém cac dong ca phap sau vao tap 1énh
(dé can gitra Ha Noi, in cac thudce tinh ra bang diéu khién va thém tit ca cac co
Oy té vao ban dé), sau do luu va chay tap 1énh:

I/l Zoom to a location (first value: longitude; second value: latitude; third
value: zoom).

Map.setCenter(105.85, 21.01, 12); // Center on Hanoi

/[Print  table properties (incl. name) print(Health  Facilities’,
health_facilities);

/I Add all health facilities to map (incl. palette and layer name)

Map. addLayer(heaIth facilities, {color blue} ‘health facility");

Tat ca cc co so Y té hién du’oc the hién bang mau xanh lam trén ban do:
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Bay gio hdy kiém tra bang diéu khién. Trong ‘columns’, ban c6 thé tim
thay cac thudc tinh duoc st dung. Truong 'amenity’ 1 diéu chung ta quan tam.
Truong ndy cho ching ta biét co s y té ndo 13 bénh vién, nha thude, phong
kham, nha khoa, v.v.

Tuy nhién, chling ta vn chua biét tén chinh x4c dé mo ta ‘amenity’.

Budc 8. Bé tim ra tén nao dugc sir dung trong truong ‘amenity’, hay thém
cac cl phap sau vao tap 1énh, luu va chay tap 1énh va kiém tra bang diéu khién:

// Print property "amenity" (incl. name)

var amenity _names =

health_facilities.aggregate_array(""amenity").distinct().getInfo ();

print('"Healthcare names’, amenlty names);

RO rang c6 mot so6 co so Yy té trong shapefile khong duoc mé ta bang
‘amenity'. Nhimg d6i tuong khéac c6 tén nhu ‘clinic’, 'doctors’, 'hospital’, v.v.

Hién tai, chung ta khong tim hiéu sdu hon vé 1y do tai sao lai c6 nhitng cai
tén bi thiéu. Ching ta chi can chon nhiing co s dugc mé ta 1a ‘pharmacy’ va
nhiing co sé dugc mo ta la ‘hospital'.

Budc 9. Thém céc cl phap sau vao tap 1énh dé loc cac co sd y té va thém
cac bién méi 'pharmacies’ va 'hospitals' vao ban d6. Luu va chay tap 1énh:




/l Filter pharmacies var pharmacies
health_facilities.filter(ee.Filter.eq('amenity’, 'pharmacy"));

Il Filter hospitals var hospitals =
health_facilities.filter(ee.Filter.eq('amenity’, ‘hospital'));
print('hospitals',hospitals);

/[ Add pharmacies to map (incl. palette and layer name)
Map.addLayer(pharmacies, {color: 'yellow'},'pharmacy");

/[ Add hospitals to map (incl. palette and layer name)
Map.addLayer(hospitals, {color: 'red'},'hospital’);
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Bay gid ban di tao mot ban dd hién thi tit ca cic co sd y té (co trong
shapefile) mau xanh lam, cac hiéu thudc mau vang va bénh vién mau dé. Néu
ban muén tim hiéu thém vé cach tai dir liéu 1én GEE, hdy xem trang nay:
https://developers.google.com/earth-engine/quides/table upload
2.11. Height Above Nearest Drainage (HAND)

HAND la viét tit ctia Height Above Nearest Drainage. N6 cung cip thong
tin vé cac dia diém dé bi ngap Iut. Cac khu vuc c6 gia tri HAND thap véi gia tri
cao hon xung quanh dé bi ngap lut hon.

D3 c6 ImageCollection duoc tao bdi Donchyts ma ching ta c6 thé su
dung: 'Donchyts et al., Global 30m Height Above the Nearest Drainage'.

Budc 1. Tao mot tap 1énh madi va sao chép va dan ma tur Bai tap 7 (Loc)
vao do (hoac nhép vao 'Save as' va nhap tén cua tap 1énh moi). Ban co thé xoa
dong 'Define an image’, dong 'Clip elevation' va dong 'Display he image on the
map'. By gio hdy thém céc ct phap bén dudi vao tap 1énh cta ban va nhap vao
'Run’. Ban c¢6 nhan ra nhirng khu vuc thuong xuyén bi ngép lut cé gia tri HAND
thap ¢ Viét Nam khong?



https://developers.google.com/earth-engine/guides/table_upload
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Ct phéap day du cho bai tap nay co thé dugc tim thdy & day:
https://code.earthengine.qoogle.com/cae69bbaleffb12a58b454f968d9714

3
3. UNG DUNG CUA GEE

3.1.X4c dinh hrong mwa toan cau

Google Earth Engine luu trit nhiéu san pham dir liéu luong mua. Co thé
xac dinh san pham nao hitu ich nhat cho Viét Nam bang cach st dung di lidu
quan trac dai han. Néu co quan Khi tuong ¢ Viét Nam c6 s6 liéu vé luong mua
phl hop, ban ¢6 thé nhap sb liéu d6 vao tap 1énh caa minh va so sanh véi san
pham luong mua s& sir dung trong bai tap nay. Trong bai tap nay, s& su dung dit
liéu Mua Toan cau - Global Precipitation Measurement (GPM) ciia NASA vi nd
dugc danh gia kha dang tin cady. GPM cung cap dit liéu luong mua cir mdi 30
phut theo don vi mm/gio.

Bwéc 1. Hay tao mét tap 1énh méi cho bai tap nay. Trong thanh tim kiém
& dau man hinh, nhap 'GPM', két qua hién thi & trén cung la 'GPM: Global
Precipitation Measurement (GPM) v6'. Nhan vao n6. O phia bén trai, ban c6 thé
thay 'Ct phap' dé sir dung tap dit liéu ndy. Ching ta dang tim kiém dit liéu lwong
mua di duoc hiéu chinh. Kiém tra phan 'BANDS' dé tim ra dai bang tin nao
chta dur liéu do.

Google Earth Engine  6PM Q|
Scripts LT E
» users/hkvgee/DRR_Moza...
» users/hkvgee/p... I GPM: Global Precipitation Measurement (GPM) vo I
> users/hkvgee/periodo2 GPM: Monthly Global Precipitation Measurement (GPM) v6

» users/hkvgee/Precipitatio...

GSMaP Operational: Global Satellite Mapping of Precipitation
» users/hkvgee/Reservoirs

~ users/hkvgee/training GSMaP Reanalysis: Global Satellite Mapping of Precipitation
~ Guatemala TRMM 3B42: 3-Hourly Precipitation Estimates
I Elevation TRMM 3B43: Monthly Precipitation Estimates
b legendlandcover
K test_sessi

GPM: Global Precipitation Measurement (GPM) v6 ‘
Bay gio ching ta da biét cdch nhap ImageCollection nay va bang tan nao


https://code.earthengine.google.com/cae69bba1effb12a58b454f968d97143
https://code.earthengine.google.com/cae69bba1effb12a58b454f968d97143

ching ta can sir dung cho muc dich ctia minh. Trong truong hop ban mudn tim
hiéu thém vé tap dix liéu, hdy nhap vao 'CITATIONS'. Ban c6 thé sao chép tai
liu tham khao nay va dan vao Google dé tim hiéu thém.

Buwéc 2. Nhap tap dir lieu GPM cho giai doan tir 2020-10-12 dén 2020-
1019). Trong thoi gian nay, mot con bao nhiét déi da tran qua Viét Nam, xem
thém & day: https://vi.wikipedia.org/wiki/B%C3%A30 Nangka (2020).

/I Import dataset (with time filter and band selection) var gpm_dataset =
ee.ImageCollection(NASA/GPM_L3/IMERG_V06')

filterDate('2020-10-12','2020-10-19") .select(‘precipitationCal’);

Bwéc 3. In tap dir liéu ra bang diéu khién dé kiém tra nhitng ngay nay co
trong b6 dir licu GPM hay khong.
| // Print dataset print('gpm_dataset’, gpm_dataset); |

Trong Bang dieéu khién, mot bo suu tap hinh anh ImageCollection voéi tén
'gpm_dataset' xuat hién.

Buwéc 4. Nhap vao hinh tam giac nho bén canh 'ImageCollection’ va sau
d6 lai nhap vao hinh tam giac nho bén canh 'features' dé thay rang dir liéu thuc
su €6 san mdi nira gio trong khoang thoi gian tir ngay 12 thang 10 nam 2020 dén
ngay 19 thang 10 nam 2020 hay khong (Vi du, phan duéi: '20201012233000' c6
nghia la nam 2020, thang 10, ngay 12, gio 23, phut 30, giay O0).

Inspector jjwipwa Tasks

Use print(...) to write to this console.

Bay gid ching ta mudn tinh tong lwong mua cua nhitng ngay nay. Vi dit
liu dugc cung cap cir nira gid mot 1an theo don vi mm/gio nén ching ta s& can
phai chia dir liéu cho 2 sau khi tinh tong. Va chdng ta ciing mudn giéi han tinh
toan luong mua chi ¢ Viét Nam dé tiét kiém thoi gian tinh toan.

Buwéc 5. Tinh tong luong mua va sau d6 chia cho 2 dé chuyén doi sang
mm/gio. Bong thoi gisi han dir liéu vé Viét Nam (nhu di hoc trong WP1, Bai
tap 7).

/[ Calculate the total precipitation between 2020-10-12 and 2020-10-19

var prec_total = gpm_dataset.sum().divide(2); // to sum and calculate per
hour, every 30 min a result

/l Only select Vietnam var countries =
ee.FeatureCollection("FAO/GAUL_SIMPLIFIED_500m/2015/level2");

var Country = countries.filter(ee.Filter.eq('ADMO_NAME', 'Viet Nam'));

var prec_total gtm = prec_total.clip(Country);

Bwéc 6. Chlng ta cling s& mudn truc quan hoa dit liéu luong mua dé hién
thi cac khu vuc am w6t nhat.

/I Define colour palette and visualization parameters var colors_precip =
['white', ‘blue’, 'yellow', 'red]; Map.addLayer(prec_total _gtm, {min: 0.0, max:
600, palette: colors _precip}, 'GPM total prec. [2020-10-12, 2020-10-19] (mm)'

)i

/I Zoom to a location (first value: longitude; second value: latitude; third
value: zoom).

Map.setCenter(106.9, 17, 5);

Bwéc 7. Chung ta s& thém mot chi giai dé giai thich gia tri luong mua.



https://vi.wikipedia.org/wiki/B%C3%A3o_Nangka_(2020

Ban c6 thé sao chép cac dong ma sau vao tap Iénh caa minh. Trong truong hop
ban muon tao chd thich cho muc dich khéc, ban chi can diéu chinh cac doan ma
duogc in dam.

//Create legend precipitation

/I set position of panel var legend = ui.Panel({ style: {
position: 'bottom-right', padding: '8px 15px’

by

b
/l Create legend title

var legendTitle = ui.Label({

value: "Cumulative precipitation (mm)', style: {

fontWeight: 'bold’, fontSize: '18px’, margin: '0 0 4px 0', padding: '0'
¥

b
/[ Add the title to the panel legend.add(legendTitle);

/I Creates and styles 1 row of the legend. var makeRow = function(color,
name) {

/I Create the label that is actually the colored box. var colorBox =
ui.Label({

style: { backgroundColor: color, // Use padding to give the box height and
width. padding: '8px’, margin: '0 0 4px 0'

ks

b

/I Create the label filled with the description text. var description =
ui.Label({

value: name,

style: {margin: '0 0 4px 6px'}

b;

/[ return the panel

return ui.Panel({

widgets: [colorBox, description], layout:
ui.Panel.Layout.Flow('horizontal’)

ok

}.

// Palette with the colors, name of the legend

var palette = colors_precip;

var names = ['0", 200", "400°, '600'];

// Add color and and names

for (var i = 0; i < 4; i++) { legend.add(makeRow(palette[i], names[i]));

¥
/[ add legend to map




Map.add(legend);

Bo sung vé dir liéu theo thei gian trong GEE

Trong bai tap trudc, ching ta da st dung dir liéu theo thoi gian. Trong
GEE, dtr liéu theo thoi gian duogc tai dudi dang ImageCollection, mét tap hop
céc hinh anh vé tinh. Néu ban mudn tai mot tap dir ligu theo thoi gian, ban phai
chi dinh ngay bét dau (startdate) va ngay két thic (enddate) ma ban mudn thu
thap dir liéu. Ban c6 thé thuc hién viéc ndy biang lénh filterDate(startdate,
enddate). Trong bai tap trudc, ching ta da stir dung Iénh nay & Budc 2:

var gpm_dataset = ee.ImageCollection((NASA/GPM_L3/IMERG_V06')
filterDate('2020-10-12','2020-10-19") .select(‘precipitationCal’);

~ Khong thé v& mot ImageCollection tryc tiep trén ban do. Trudc tién, ban
can chon mot anh tir b suu tap. Ngqéi ra, dé chi dinh khoang thoi gian, ban
cling ¢ thé¢, vi dy, chi chon hinh anh dau tién trong b6 suu tap:

var gpm_dataset =
ee.ImageCollection((NASA/GPM_L3/IMERG_V06").first()

Ngoai ra, ciing c6 thé bién mot Imagecollection thanh mot anh bang cach
tao mot 16p mai la so liéu thong ké caa bo suu tap. Mot so vi du:

Pé¢ tinh qia tri .me
b¢ tinh aia tri Su
bé tinh qia tri nho .mi
bé tinh qia tri lon .ma
bé tinh aqia tri .me

Can luu ¥ thoi gian tinh todn s& tang 1én néu ban tinh toan cho mét dién
tich I6n hoac thoi gian dai.

Piéu tuong tu ciing c6 thé dugc thyc hién bang cach sir dung cac ham tinh
gian (Reducer functions) trong GEE. Tinh gian (Reducer) la cach tong hop dir
liéu theo thoi gian, khdng gian, dai bang tan, mang va cac cau tric dir liéu khéac
trong GEE. Lop ham ee.Reducer chi dinh cac phuong thuc dir liéu duoc tong
hop. Céc co ché tinh gian trong 16p c6 thé chi dinh mot phép thong ké don gian
dé tong hop (vi dy: 16n nhat, nhé nhat, trung binh, trung vi, do léch chuan, v.v.)
hoic mot tém tat phac tap hon cua dit lidu dau vao (vi du: biéu do histogram,
hoi quy tuyén tinh, list). Su tinh gian c6 thé xay ra theo

* thoi gian (imageCollection.reduce()),

» khong gian (image.reduceRegion(), image.reduceNeighborhood()),

« bing tan (image.reduce()),

« hoiac thugc tinh khéng gian cia mgt FeatureCollection
(featureCollection.reduceColumns() hoiac phuong phap FeatureCollection bit
dau Véi aggregate ).

Trong Bai tap 3 (Lugng mua nam), chlng ta s& sir dung cac ham nay dé
tinh toan tong lugng mua nam va su khac biét gitta lwgng mua cia cac nam khac
nhau.




3.2. Xac dinh pham vi ciia mgt lwu vuc

Ranh gidi luu vuc thuong duoc sir dung cho cac phan tich va mé hinh
héa. Luu vuc 1a phan dién tich ma trong d6 dong chay sinh ra do mua dugc thu
gom va déu thoat qua mot diém. N6 thuong duoc bao quanh boi nhitng ngon
ndi. Ban cd thé xac dinh luu vuc & cac quy md khac nhau, tir luu vuc quy mé
I6n bao gébm 14nh thd caa nhiéu quéc gia (vi du: Luu vuc séng Hong) dén quy
mo dia phuong (vi du luu vuc song Pay).

Trong bai tap nay, ching ta sé su dung tap di lieu cua WWF
HydroSHEDS Basins dé lya chon mét luu vuc. Trong website cia WWF
HydroSHEDS (https://www.hydrosheds.org/) ban cé thé tim thdy nhiéu théng
tin hon vé tap dit liéu nay:

"HydroSHEDS [a mot san pham ban do cung cap céc théng tin thuy dac
cho cac ung dung quy mod toan cau va khu vuc theo mét dinh dang nhat quan.
NG cung cap mot bo dir lieu tham chiéu dia ly (vector & raster) ¢ nhiéu quy md
khac nhau, bao gom mang ludi sdng, ranh gidi luu vuc, hudng thoat nuéc, va
dong chay tich liy. HydroSHEDS dua trén dir liéu d6 cao c6 do phan giai cao
thu duoc trong chuyén bay cua Tau con thoi cho Nhiém vu do dac Dia hinh -
Shuttle Radar Topography Mission (SRTM) cia NASA."

Bay gio chdng ta s€ lam viéc véi dir liéu nay:

Bwéc 1. Pau tién, ching ta sé& tai dit liéu tir tap dix liéu nay trong GEE
Code Editor va thém n6 vao ban do. Dé lam duogc diéu do, hiy tao mot tap Iénh

méi va thém cac doan ma sau:

/[ import the dataset with watersheds var hydrosheds =
ee.FeatureCollection("WWF/HydroSHEDS/v1/Basins/hybas_4");

Map.setCenter(105.8, 21.0, 7); // Center on Hanoli

/l Add to map Map.addLayer(hydrosheds);



https://www.hydrosheds.org/

Ban dd s& hién thi nhu sau:

Ban s& thay tat ca cac luu vuc dugc x4c dinh trén thang cap do 4. Muc
nay cho biét quy md cua cac luu vuc. Néu quy mé thap hon, nhiéu luu vuc s&
duoc gop lai thanh cac luu vuc [6n hon.

Bwéc 3. Ban c6 thé st dung HYBAS_ID '4040015000' dé chon Luu vuc
séng Hong tir tap dit liéu ndy va vé nd trong cling mot ban do:

/Il Select river basin

var Red River = hydrosheds.filter(ee.Filter.eq('HYBAS_ID’,
4040015000));
// Add to map Map.addLayer(Red_River.style({fillColor: 'red'}));

3.3. Xac dinh lwong mwa niam trén luu vuc Song Hong

Trong bai tap nay, ching ta s& st dung cac ham théng ké dé tinh Lwong
mua niam trén luu vuc S6ng Hong (Luong mua nam - Annual rainfall 13 gia tri
tong cua cac luong mua ngay) va cac s liéu théng ké. Véi nhitng so liéu théng
ké nay, ching ta cé thé so sanh lwong mua giita cic ndm va phén tich lwong mua
I6n nhat, nho nhat va trung binh trén mot khu vuc.

Bwéc 1. Tao mot tap 1énh méi, vi du nhu "Rain_RedRiver". Tim kiém tap
dir liéu luong mua hang ngay CHIRPS va nhap n6 vao tap 1énh cua ban. Tén
mic dinh caa bién duoc nhap 1a "ImageCollection", ddi tén bién nay thanh
"CHIRPS". Pdng thoi hay nhap luu vuc séng Hong tir bai tap trudc mot 1an nixa:



Il Import the precipitation data

var CHIRPS = ee.ImageCollection("UCSB-CHG/CHIRPS/DAILY");

I/ Import the boundaries of the Red River Basin var watershed

=ee.FeatureCollection("WWF/HydroSHEDS/v1/Basins/hybas _4");  var
Red River = watershed.filter(ee.Filter.eq('HYBAS ID', 4040015000));

Bwéc 2. Chlng ta sé& tap trung vao luong mua trén luu vuc séng Hong vao
nam 2019 va 2020. Dau tién, ching ta tao mot bién véi lvong mua vao nim
2020. Chng ta s& st dung bo loc tir 1-1-2020 dén 31-12-2020 dé chi chon hinh
anh cua nam 2020 tir ImageCollection (nhu dugc thuc hién trong Bai tap

1 "Giang thuy" caa WP2). Nhap ma sau:

/l Define period of interest
var Rain2020 = CHIRPS filterDate('2020-01-01','2020-12-31");

Bwéc 3. Bay gio chiing ta muén mot cach tryc quan kiém tra dir lidu
CHIRPS cho nam 2020. Trong budc nay, ching ta tao ban do luong mua nim
2020 bang céch chi tinh toan va hién tri bo dir liéu CHIRPS theo ranh gigi cua
luu vyc Séng Hong va tinh tong cac gia tri mua ngay. Lép nay sau d6 duoc hién
thi truc quan:

I/ Create annual rainfall map for 2020

var SumYearlyRain2020 = (Rain2020.sum().clip(Red_River));

/[ Add to map

Map.addLayer(SumYearlyRain2020,{'min": 0,'max":3000, palette: [‘'white',

'‘Blue', 'Red]}, "Sum of rainfall in 2020");

anmar
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Buéc 4. Bay gio ching ta cd thé trich xuat cac sé liéu théng ké tir ban do
SumYearlyRain. Vi duy: hdy tinh toan lugng mua trung binh trén luu vuc vao
nam 2020 va in n6 ra Console:

/l Calculate geostatistics with reducer functions

var ZonalMean2020 =
SumYearlyRain2020.reduceRegion(ee.Reducer.mean(),Red_River,500
0);

print("Zonal mean 2020',ZonalMean2020);

Budéc 5. Chung ta cling mudn biét cac gia tri nho nhat va 16n nhat cua




luong mua x4y ra trén luu vuc Sng Hong. Xem trong "Docs" dé biét cac ham
tinh gian thich hop dé tinh toan gia tri nho nhat va Ién nhat, sau d6 thém chiung
vao ma, tuong tu nhu budc trudc.

Bwéc 6. Cubi cing, chiing ta mudn so sanh lwong mua trén luu vuc séng
Hong cia ndm 2020 véi mot nam khac. Thuc hién cac bude tuong tu cho nim
2019 va tra loi c&c cau hoi sau:

« Tinh toan su khac biét gitra gia tri trung binh cta lugng mua nam 2020
va nam 2019. Nam nao 4m udt hon?

« Gia tri lwgng mua trung binh caa hai nam chénh 1éch bao nhiéu mm?

/l Define period of interest

var Rain2019 = CHIRPS filterDate('2019-01-01','2019-12-31");

// Create annual rainfall map for 2019

var SumYearlyRain2019 = (Rain2019.sum().clip(Red_River));

// Calculate geostatistics with reducer functions

var ZonalMean2020 =
SumYearlyRain2020.reduceRegion(ee.Reducer.mean(),Red_River,5000

print("Zonal mean 2020',ZonalMean2020);

var ZonalMin2020 =

SumYearlyRain2020.reduceRegion(ee.Reducer.min(),Red_River,5000);
print("Zonal min 2020', ZonalMin2020);

var ZonalMax2020 =

SumYearlyRain2020.reduceRegion(ee.Reducer.max(),Red_River,5000)
; print("Zonal max 2020', ZonalMax2020);

var ZonalMean2019 =

SumYearlyRain2019.reduceRegion(ee.Reducer.mean(),Red_River,5000

) ;

print("Zonal mean 2019', ZonalMean2019);

Bwéc 7. Ban c6 thé st dung ham Subtract trong Code Editor dé tinh toan
su khéc biét chinh xac gitra hai 1op. Trong cac dong ma tiép theo, ching ta s&
tao mot I6p mai chira gia tri chénh léch gitra lwrong mua vao nam 2019 va nam
2020. L6p ndy c6 thé duoc thém vao ban db va ching ta cé thé tinh toan tong
chénh léch trén toan b luu vuc tr 16p nay.



Myanmar
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/[ Calculate difference between 2019 and 2020 var Difference =
SumYearlyRain2020.subtract(SumYearlyRain2019);

/[ Add to map

Map.addLayer(Difference,{'min": -500,'max":500, palette: ['red','green’]},
"Diff_rainfall™);

// Calculate mean value with reducer function var ZonalDiff =

Difference.reduceRegion(ee.Reducer.mean(),Red_River,5000);
print("Zonal Difference betweet 2020 and 2019',ZonalDiff

GEE khong chi ¢6 thé duoc st dung dé hién thi ban d6 khdng gian ma
con dé vé biéu do dé phan tich chudi thoi gian. Pay 1a muyc dich cua bai tap nay.
Tat ca c4c chirc nang lién quan dén biéu dd c6 thé duoc tim thay trong Docs Véi
tur khoa 'ui.Chart'.

Buwdc 1. Tao mét tap 1énh mai, sao chép va dan ma tur bai tap trudc vao no
(hoac nhap vao 'Save as' va nhap tén cua tap Iénh méi). DE tao biéu do véi gia tri
lugng mua ngdy vao nim 2020 cho luu vuc sdng Hong, hay su dung cac dong
mi bén dudi. Nhu ban ¢ thé thay trong vi du bén duéi, co ché tinh gian theo gia
tri trung binh c6 thé 1a mot phan cia cing mot dong ma.

// Plot graph of rainfall in 2020

var TimeSeries2020 =
ui.Chart.image.series(Rain2020,Red_River,ee.Reducer.mean());

/[ Print data to console print("Time series of 2020', TimeSeries2020);

TimeSeries2020.setOptions({

title: 'CHIRPS Rainfall over 2020',

VAXis: {title: 'Rain’, maxValue: 50},

hAxis: {title: 'Date’, format: 'MM-yy', gridlines: {count: 6}},

b

Ban c6 thé mo biéu d6 trong mot cira s6 méi bang cach nhap vao biéu
tugng phia trén biéu do trong ctra s6 Bang diéu khién. Truong hop cia chung ta




biéu do s& trong nhu thé nay:
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O g6c trén bén phai, ban s& thdy mot sb tly chon ma ban c6 thé sir dung
dé xuét biéu dd sang dinh dang CSV, SVG hoic PNG.

C phap day du cho bai tap nay c6 thé duoc tim thay & day:

https://code.earthengine.google.com/16e43ddc879b355214d70a3891af2ec

7
3.3. Xac dinh chi sé thuc vat

Chi s6 Thuc vat (NDVI) 1a mot chi s6 vé @6 xanh cua mot khu vuc. Cac
khu vuc xanh nhu khu vuc néng nghiép va rirng c6 NDVI cao va cac khu vuc do
thi c6 NDVI thap. Cong thuc cho chi s6 nay 1a:

(NIR - Red)

NDVI =

(NIR + Red)

N6i cach khac, NDVI 1 gi4 tri ma su chénh Iéch giira hé sé phan xa can
hong ngoai (NIR) va d6 (RED) cua thuc vat dugc chia cho tong caa ching (dao
dong trong khoang tir -1 dén 1). NDVI 1a mét chi sé rat hitu ich dé phét hién
tham thuc vat va ciing dua ra dau hiéu vé suc khoe cua cay trong. Mot cay khoe
manh hap thu hau hét anh sang do dé quang hop nhung phan xa hau hét anh
sang hong ngoai, cho gia tri NDVI cao. Tham thuc vat khong lanh manh hap thy
it anh sang do6 hon nhung nhiéu anh sang hong ngoai hon, dan dén gia tri NDVI
thap hon.

Phan xa quang pho cia cdy khoe manh, cdy khong khoe manh va dat &
buéc song nhin thady va NIR. (Ngudn: http://extension.usu.edu/nasa/htm/on-
target/near-infrared-tutorial/

Str dung NDVI dé phan tich céc loai 16p phu xung quanh Ha Noi va qué
trinh do thi hoa theo thoi gian. Ching ta sé& str dung vé tinh Sentinel 2 dé xay
dung NDVI.

Bwéc 1. Tao mot tap Iénh méi. Nhap Sentinel 2 vao thanh tim kiém phia
trén Trinh soan thao ma dé tim thém théng tin vé vé tinh nay hoac truy cap trang
web:https://www.esa.int/Applications/Observing the Earth/Copernicus/Senti
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nel-2

Budéc 2. Nhap cac dong mé sau dé chi dinh khu vuc chiing ta quan tam va
nhap tap dir liéu Sentinel 2 (bién S2). Ching ta s& gigi han tap dit liéu theo pham
vi cua khu vuc dd chon. (Xem bai tap 8 cia WP1 dé biét thém vé cach vé
polygon).

// Create a polygon

var area = /* color: #98ff00 */ee.Geometry.Polygon(

[[[105.99806516238482, 21.022269503983605], [105.9699126965645,
21.04502124777042], [105.93970029422076, 21.033485586508295],
[105.9311172253731, 21.052070378680344], // Add polygon to map
Map.addLayer(area);

/I Center on polygon Map.centerObject(area);

/[ Create image collection of S-2 imagery var S2 =
ee.ImageCollection((COPERNICUS/S2"

/I Filter according to drawn polygon .filterBounds(area);

Cong nghé vién tham quang hoc nhu san pham Sentinel 2 khdng ¢ kha
nang xuyén qua cac dam may. Tuy nhién, ching ta cé thé sir dung dai bang tan
Sentinel-2 QA60 (Panh gia chat lugng) 1a mot dai bit chira théng tin vé mat na
dam may dé che cac dam may. Thong tin thém vé quy trinh tao mat na dam may
tu dong duoc cung cip tai day: https://sentinel.esa.int/web/sentinel/technical-
guides/sentinel-2-msi/level- 1c/cloud-masks

Bwéc 3. V6i nhitng dong ma sau, ching ta c6 thé che nhitng dam may:

/I Function to mask cloud from built-in quality band // information on
cloud

var maskcloudl = function(image) { var QA60 = image.select(['QA60);
return image.updateMask(QAG60.1t(1));

o

var S2 = S2.map(maskcloudl); //mask clouds

Néu ban tim kiém tap di liéu cua Sentinel 2, ban s& tim thay thém théng
tin vé cac dai bang tan khac nhau (vi du: dai QA60, dai mau do va dai NIR).

Buwéc 4. Buge tiép theo 1a tinh toan chi sé thuc vat (NDVI) bang céch st
dung band d6 (Band 4) va hdng ngoai gan (Band 8) cua anh Sentinel 2. Sau do,
chiing ta thém NDVI nhu mét band phu (duoc goi 1a ‘nd") vao bién S2.

/I Function to calculate and add an NDVI band var addNDVI =
function(image) {
return image.addBands(image.normalizedDifference(['B8', 'B4'));

}.

/[ Add NDVI band to image collection var S2 = S2.map(addNDV1);

I/ print S2 to check if the NDVI band with the name nd is added

print(S2);

Bwéc 5. Dé chuyén doi ImageCollection cia cic hinh anh NDVI thanh
mot anh duy nhat, ching ta tinh gia tri trung binh cua tat ca cac anh NDVI vao



https://www.esa.int/Applications/Observing_the_Earth/Copernicus/Sentinel-2
https://sentinel.esa.int/web/sentinel/technical-guides/sentinel-2-msi/level-1c/cloud-masks
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nam 2020. Dé thyc hién diéu nay, hay thém cac dong ma sau vao tap lénh:

/I Extract NDVI band and create NDVI composite image var NDVI =
S2.select(['nd"]);

var NDV12020 = NDV/| filterDate('2020-01-01', '2020-12- 31").mean();

Budéc 6. Bay gio ching ta s& thém vao cac théng so truc quan hoa va thém
l6p vao ban do:

/I Create palettes for display of NDVI

var visParams_ndvi = {min: -0.2, max: 0.8, palette: 'FFFFFF, CE7E45,
DF923D, F1B555, FCD163, 99B718, 74A901, 66A000, 529400," +

'3E8601, 207401, 056201, 004C00, 023B01, 012E01, 011D01, 011301},

/l Display NDVI results of 2020 on map
Map.addLaygr(NDVIZOZO.clip(ag’ea), visParams_ndvi, 'NDMI_meanZOZO');
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Budéc 7. Bay gio ching ta s& sir dung chi sé nay dé so sanh sy thay doi
trong viéc str dung dat tir nim 2016 dén nam 2020. Chung ta s& thuc hién diéu
nay biang cach thém mét 16p b sung véi NDVI trung binh caa nim 2016:

/[ Calculate the mean NDVI of 2016

var NDVI12016 = NDVI.filterDate('2016-01-01", '2016-12- 31").mean();

/l Display NDVI results of 2016 on map
Map.addLayer(NDV12016.clip(area), visParams_ndvi, 'NDVI mean2016");

Buwéc 8. Chon khu vuc ¢ mic do thay doi lon vé NDVI (thay d6i muc
dich str dung dat). V& mot polygon ¢ d6 va thém né vao ban dd (hoic sao chép
cac dong mé sau vao tap Iénh):

/I Area with big change in NDVI

var geometry =




/* color: #0000ff */
/* shown: false */
ee.Geometry.Polygon(
[[[105.94358937473933, 20.98499792654286],

[105.95972554417293, 15" 985673009312954],
[105.96264378758113, 15" 993171768856804 ]
[105.94753758640925, )1 064790676492835]
[165.93277470799129, 59 997098259504117]]1]1);

// Add geometry to map Map.addLayer(geometry);
/I Center on geometry Map.centerObject(geometry);

TT. NHU QUYNH
LAC DAO CHIE

CcT20

Bay gio chlng ta s& tao mot biéu do histogram cac gia tri NDVI trung
binh cta nam 2016 va 2020. Pé 1am dugc diéu nay, trudc tién ching ta sé& tao
mot bién NDVI2, trong d6 ching ta luu trit hai anh: NDVI trung binh cta nim
2016 va NDVI trung binh ctia nam 2020. Tiép theo, ching ta sir dung ham
ui.Chart.image.histogram dé vé biéu d6 histogram cta hai anh d6. Biéu d6
histogram cho biét s 1an mot gia tri cu thé xuét hién trong mdi anh. Néu ban
thay rang cac gia tri NDVI cao hon (gan 1) Xay ra thudng xuyén hon, thi ddy c6
thé 1a ddu hiéu cia mét viing mau xanh 14 cay.

Buwoc 9. Thém ma sau vao tap 1énh caa ban:

//Create histogram

/l Add image of mean NDVI of 2020

var NDVI2 = S2.select(['nd]).filterDate('2020-01-01', '2020- 12-
31").mean();

/l Add image of mean NDVI of 2016

var NDVI2 = NDVI2.addBands(S2.select(['nd']).filterDate('2016- 01-
01', '2016-12-31").mean());

/I Chart variable

var hist. NDVI = ui.Chart.image.histogram(NDV12, geometry.bounds(),
20)

.setSeriesNames(['Mean NDVI 2020', ‘Mean NDVI 2016'));

/IPrint chart to console print("NDVI", hist. NDVI);

//Print chart to console print("NDVI", hist NDVI);




Buwéc 10. Bay gio ching ta hay thir thém mot nam nira vao biéu do. Thém
vao dong ma sau ngay bén dudi dong ma chung ta da thém anh NDVI trung binh
nam 2016. Pung quén dat tén cho no trong phan tao biéu do6. Dicu gi da thay
doi?

// Add image of mean NDVI of 2018
var NDVI2 = NDVI2.addBands(S2.select(['nd']).filterDate('2018- 01-01',
'2018-12-31").mean());

Ban cd thé s dung ndt phia trén biéu d6 dé mo biéu do trong mot cia s6
méi. Tai day, ban ciing ¢ thé chon tai xubng biéu d6 dudi dang PNG hoic di
liu dang sau biéu do & dinh dang CSV.

Google Earth Engine chtra bo dir liéu d6 am dat tir s ménh Soil Moisture
Active Passive (SMAP) cua NASA. V¢ tinh SMAP da di vao quy dao tir nam
2015, c6 do phan giai khdng gian 25x25 km va cung Cap dir liéu 2-3 ngay mot
lan. Vé tinh c6 thé do luong nudc trong 5 cm 16p dat bé mat ¢ tat ca céac vi tri
trén bé mat Trai dat khong bi bao phu boi nudc hoic dong bang.




3.4. X4c dinh lweng béc hoi

Luong nudc bde hoi tir bé mat dat vao khi quyén phu thudc vao do am
cua dat. Thong tin vé 6 am dat 1a chia khoa dé hiéu sy van dong cua nuéc va
thong luong nhiét gitta bé mat va khi quyén tac dong dén thoi tiét va khi hau.
Chuing ta van chi biét rat it vé su thay d6i do am cua dit & ca quy mé khu vuc
hoac toan cau, nhung véi st ménh SMAP clng véi cac chuong trinh hién co
(nhu AMSR-E va AMSR-2), diéu nay sip thay d6i. Cac phép do do am dat
thuong xuyén va dang tin cay tir SMAP s¢€ gilp cai thién nang luc du bao cua
cac mo hinh thoi tiét va khi hau.

Dit liéu d6 4m dat cho Viét Nam va so sanh n6 véi cac thanh phan khéc
cua chu trinh thay van : lugng mua va luong béc thoat hoi nudc.

Bwéc 1: Dau tién, hdy tao mot tap Iénh méi va dat tén Ia
‘WP3_soilmoisture'.

Buwéc 2: Chlng ta quan tim dén d6 am dat theo khong gian va thoi gian ¢
lwu vyc séng Hong. Chang ta s& stir dung cac ranh giéi caa bo dir lisu WWF
HydroSHEDS (xem thém Bai tap 2 ciia Goi dao tao s6 2). Ban ciing c6 thé tai
Ién ranh gidi cua riéng minh thong qua thé Assets ¢ goc trén bén trai (xem thém
Bai tap 11 cua Goi dao tao sb 1).

/[lmport the boundaries of the Red River basin

var watershed

=ee.FeatureCollection("WWF/HydroSHEDS/v1/Basins/hybas_4");

var Red_River = watershed.filter(ee.Filter.eq("HYBAS_ID',
4040015000));

Bwéc 3: Can gifta ban d6 vao luu vuc sdéng Hong. Ban c6 thé st dung cl
phap Map.centerObject hodc Map.setCenter(105.8, 21.0, 7);. Sau do, hdy thém
ranh giéi luu vuc vao ban do bang cu phap Map.addLayer.

/I Add Red River basin and center the map Map.addLayer(Red_River);
Map.centerObject(Red River);

Bwéc 4: Ching ta quan tdm dén cua dir liéu do am cua dat theo mua. Dé
thuc hién, ching ta s& thu thap di liéu tir nam 2018 dén nim 2020. Chlng ta
ciing tao hai bién startdate va endddate dé loc tap dix liéu.

/I Set period

var startdate = '2018-01-01"; var enddate = '2020-12-31";

Bwéc 5: Tim ba tap dir liéu sau trong danh muc dir liéu GEE va nhap
chding theo cac bién (sao chép doan ma bo suu tap):

* NASA-USDA Enhanced SMAP Global Soil Moisture Data,

* CHIRPS Daily: Climate Hazards Group InfraRed Precipitation With
Station Data (Version 2.0 Final)

* MOD16A2.006: Terra Net Evapotranspiration 8-Day Global 500m

Néu ban thuc hién tim kiém trong Google Earth Engine vai tén tap dix liéu
ctia minh, mot cira s6 nhu dudi day sé& xuét hién:




NASA-USDA Enhanced SMAP Global Soil Moisture Data
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Tai day ban cd thé tim thay rat nhiéu thong tin vé tap dit licu. Mdi tap di
liéu chira cac dai bang tan khac nhau dugc liét ké trong cira s6 nay, ciing nhu
cac don vi, ty 1& va cac thudc tinh lién quan khac. Chon tir mdi tap dir liéu céac
dai bang tan c6 lién quan va loc ImageCollection vai startdate va enddate da xéac
dinh. Ban c6 thé sao chép doan ma bd suu tap tir mdi tap dir liéu dé nhap tap dir
liéu vao tap Iénh caa minh.

/[ Filter datasets for bands and period var SSM =
ee.ImageCollection(NASA USDA/HSL/SMAP10KM _soil_moisture’)

.select('ssm’) .filterDate(startdate, enddate);

var ET = ee.ImageCollection('MODIS/006/MOD16A2") .select('ET")

filterDate(startdate, enddate);

var  PRCP = ee.ImageCollection(UCSB-CHG/CHIRPS/DAILY")
.select('precipitation’)

filterDate(startdate, enddate);

Bwéc 6: In tap dir liéu va kiém tra thudc tinh cua ching.

/I Filter datasets for bands and period print(*Soil moisture dataset',SSM);
print('"Evapotranspiration dataset' ET) print(‘Precipitation dataset ,PRCP);

Bwéc 7: Trudc khi co thé hién thi dit liéu, ching ta can gop cac anh trong
ImageCollectons thanh mot anh duy nhat. Ching ta sé lam diéu nay véi ham
reducer. Vi ham nay, ching ta s& tinh gia tri trung binh cia moi
ImageCollection. Ching ta sé& lay gia tri trung binh cta dir liéu d6 am dat va
lwgng bdc hoi. Hé s6 chuyén dbi cua tap dit liéu bdc thoat hoi nude 14 0,1 vi vay
chlng ta s& nhan tap dir liu nay véi 0,1. Pon vi cua lugng bbc thoat hoi 1a




mm/8 ngay, dé doi sang mm/ngay, ching ta sé& chia di liéu cho 8. Ching ta s&
vé& biéu d6 luong mua trung binh hang nim trong luu vuc. Dé tao tham sb nay,
ching ta s& can tinh tong tat ca cac anh trong ImageCollection va chia n6 cho 3.
Bai vi, ImageCollection chira 3 nam dir liéu. Dung quén chay va luu tap Iénh
cua ban sau moi budc.

// Calculate means

var SSM_mean = SSM.reduce(ee.Reducer.mean());

var ET_mean = ET.reduce(ee.Reducer.mean()).divide(8).multiply(0.1);
var PRCP sum = PRCP.reduce(ee.Reducer.sum()).divide(3);

Chuaing ta mudn hién tri cac b dit liéu nay trong ban d6. Bé thuc hién diéu
ndy, ching ta can khai mét bang mau. Mau sic duogc xac dinh bang cach sir
dung bang gid tri mau CSS chuan web (https://en.wikipedia.org/wiki/\Web
colors).

Mau sic co thé duoc chi dinh bang tén (nhu duoc hién thi trong Budc 12)
hoic cac chudi chi ra su két hop cua mau d6, xanh 14 cay va xanh lam. Gia tri
thap nhat & bat ky vi tri nao trong ba vi tri 12 00 (dai dién cho sé thap phan 0),
trong khi gié tri cao nhat 1a FF (dai dién cho sb thap phan 255). Chudi '000000'
dai dién cho mau den, 'FFFFFF' 1a mau trang, 'FF0000' 13 mau do, '00FF00" 13
mau xanh luc va '0000FF' 1a mau xanh lam.

Nhung ching ta nén chon nhitng mau nao? Google Earth Engine dua ra
mot goi y. Ban c6 thé duyét qua tt ca cc tap dir liéu c6 san trong Danh muc di
lidu: https://developers.google.com/earth-engine/datasets/catalog/. O phia dudi
cuing, ban ludn c6 thé tim thdy mot vai dong ma dé hién thi truc quan dit liéu.
Trong truong hop dudi day, tim kiém 'MOD11A1.006 Terra Land Surface
Temperature and Emissivity Daily Global 1km' cho két qua sau:

Explore in Earth Engine

var dataset = ee.ImageCollectionfmMOD1S/666/NOD11A1m)

fliter(ee.Filter.date('2018-01-01", '2018-05-01m)): var
landSurfaceTemperature = dataset.select('LST_Day 1km’'):

var landSurfaceTemperatureVis = {

min: 13000.0,
max: 16568.0,
>;

Map.setCenter(6.746, 46.529, 2):

Map.addLayer(

landSurfaceTemperature, landSurfaceTemperatureVis,

'land Surface Temperature):

Diéu nay rat tién loi, vi gio day ban c6 thé xem ca gia tri nho nhat, gié tri
I6n nhét va bang mau do Google Earth Engine dé xuat.

Bwéc 8: Tim kiém Danh muc dix liéu GEE cho ting tap dit liéu trong so
ba tap dir liéu ma ching ta quan tdm. Thém bang mau dugc dé xuat vao ma cua
ban.



https://en.wikipedia.org/wiki/Web_colors
https://en.wikipedia.org/wiki/Web_colors
https://developers.google.com/earth-engine/datasets/catalog/

/l Set visualization parameters

var ETVis ={

min: 0.0,

max: 5.0,

palette: [

T, 'fcd163', '99b718', '66a000', '3e8601', '207401", '056201",
'004¢00', '011301"

1

o

var PRCPVis = {

min: 1000.0,

max: 2500.0,

palette: ['001137', 'Oaable’, 'e7eb05', 'ff4a2d’, 'e900007, };

var SSMVis = {

min: 0.0,

max: 25.0,

palette: ['0300ff', '418504", 'efff07', 'efff07', 'ff0303'], };

Buwéc 9: Bay gio chiing ta ¢c6 mot anh cho mdi bién. Nhung nhiing anh
nay van chira dit liéu trén toan thé gidi. Chlng ta chi quan tim dén luu vuc sdng
Hong vi vay hay sir dung .clip(Red_River) khi thém céc bién vao ban do.

/[ Add wvariables to the map and filter on Red River
Map.addLayer(SSM_mean.clip(Red_River), SSMVis, 'SSMY);
Map.addLayer(ET_mean.clip(Red_River), ETVis, 'ET'); Map.addLayer(PRCP
sum.clip(Red River), PRCPVis, 'PRCP");

Bwéc 11: St dung c phéap ui.Chart.image.seriesByRegion dé tinh gia tri
trung binh (trén luu vuc sdng Hong) va Iap biéu d6 cho tung bo dir lidu. Hay
nhé dat tiéu dé thich hop cho biéu d6 cho ca truc hoanh (hAxis) va truc tung
(VAXis). Bay 1a mét vi du cho tap dir liéu LST:

Il Define graphs

var SSMGraph = ui.Chart.image.seriesByRegion(SSM, Red River,
ee.Reducer.mean()).setOptions({

title: 'Average soil moisture in the Red River basin', hAxis: {title: 'Date'},

vAxis: {title: 'Soil moisture'}});

var ETGraph = ui.Chart.image.seriesByRegion(ET, Red_River,
ee.Reducer.mean()).setOptions({

title: 'Average evapotranspiration in the Red River basin',

hAxis: {title: 'Date'}, vAxis: {title: 'Evapotranspiration'}});

var PRCPGraph = ui.Chart.image.seriesByRegion(PRCP, Red_River,
ee.Reducer.mean()).setOptions({

title: 'Average precipitation in the Red River basin', hAxis: {title: 'Date'},

vAXis: {title: 'Precipitation'}});




\ /I Display graphs print(SSMGraph); print(ETGraph); print(PRCPGraph);

3.5. Phén tich han han véi SPI

Chi s6 Lugng mua Chuan héa (SPI) 1a mét chi sé dé dic trung hoa han
han khi twgng. Han han khi tuong dugc xac dinh dua trén mac d6 khd han
(lugng mua thyc té so véi luong mua chuan) va do dai caa thoi ky kho han. Han
han néng nghiép md ta tac dong ddi véi ndng nghiép dua trén cac khia canh khi
tuong va thay van nhu thiéu hut lugng mua, do am dat, sy khac biét giira luong
bdc hoi thyc té va tiém ning va su sut giam myuc nudc ngam. Ngoai ra con co
cac dinh nghia vé han han thuy van, han han kinh té x4 hoi va han han sinh thai.
Ban c6 thé tim thém théng tin va tng dung vé tat ca cac loai han han trén
internet.

SPI so sanh lugng mua thyc té véi lwong mua chuan. Luong mua chuan
duogc xac dinh bang céach tinh toan phan bé dién hinh cia luong mua trong nim
tir mot chudi dit lidu dai (hon 30 nam). Luong mua thuc té s& dugc so sanh Vi
lwong mua phan bd chuan. Gia tri SPI 16n hon 1,0 cho biét mét thoi ky am uét
hon binh thudng va gia tri nhé hon -1,0 cho biét thoi ky kho hon nhiéu so voi
binh thuong. Tat ca céc gi4 tri tir -0,99 dén 0,99 cho thiy lugng mua trong
khoang binh thudng. Ban cd thé tim thém théng tin vé chi s6 nay qua trang web
nay: https://climatedataguide.ucar.edu/climate- data/standardized-precipitation-
index-spi

Néu ban tim kiém SPI trong Google, ban cd thé tim thay cac tap lénh ma
ngudon mo dé tinh toan chi sé nay. Ching ta s& st dung tap Iénh nay:
https://code.earthengine.google.com/3f41f3d15e8cd7al16d7d923c3bc8831a?
noload=true

Hay c6 gang thay doi khu vuc nghién cau trong tap lénh nay thanh luu
vuc sdng Hong hoic khu vuc ban quan tdm. Ban thay sao? N6 ¢6 phd hop voi
ky vong caa ban khong?

Ban c6 thé tim thém thong tin vé tap 1énh va céch s dung tai day:
https://www.un-spider.org/advisory-support/recommended-
practices/recommended-practice-drought-monitoring-spi/step-by-
step#:~:text=The%20SP1%20is%20used%20as,0n%20two%20undependen
d%20SP1%20calculations.

Ban c6 thé tim thidy cG phap day du cua bai tap nay tai day:
https://code.earthengine.google.com/c3f98793857459072961aea813fcc485?
noload=true
3.6. wong mua trén luu vuc sdéng Hong

Trong bai tap nay, ching ta s€ danh gia lugng mua trén luu vuc song
Hong va so sanh no vai su bdc thoat hoi nude dé phan tich tong lugng nuéc hiéu
qua cua luu vuc.

Buwéc 1: Tao mot tap Iénh mai, dat tén 1a “WP3_ Wateryield” va nhap cac
ranh gigi sdng Hong.


https://climatedataguide.ucar.edu/climate-data/standardized-precipitation-index-spi
https://climatedataguide.ucar.edu/climate-data/standardized-precipitation-index-spi
https://climatedataguide.ucar.edu/climate-data/standardized-precipitation-index-spi
https://code.earthengine.google.com/3f41f3d15e8cd7a16d7d923c3bc8831a
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-drought-monitoring-spi/step-by-step%23:~:text=The%20SPI%20is%20used%20as,on%20two%20undependend%20SPI%20calculations
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-drought-monitoring-spi/step-by-step%23:~:text=The%20SPI%20is%20used%20as,on%20two%20undependend%20SPI%20calculations
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-drought-monitoring-spi/step-by-step%23:~:text=The%20SPI%20is%20used%20as,on%20two%20undependend%20SPI%20calculations
https://www.un-spider.org/advisory-support/recommended-practices/recommended-practice-drought-monitoring-spi/step-by-step%23:~:text=The%20SPI%20is%20used%20as,on%20two%20undependend%20SPI%20calculations
https://code.earthengine.google.com/c3f98793857459072961aea813fcc485?noload=true
https://code.earthengine.google.com/c3f98793857459072961aea813fcc485?noload=true

/[lmport the boundaries of the Red River basin

var watershed

=ee.FeatureCollection("WWF/HydroSHEDS/v1/Basins/hybas_4");

var Red_River = watershed.filter(ee.Filter.eq('HYBAS_ID’,
4040015000));

/I Add Red River basin and center map Map.addLayer(Red_River);
Map.centerObject(Red River);

Bwéc 2: Ching ta quan tdm dén dir liéu tir naim 2018 dén niam 2020,
nhung hiy viét ma dé c6 thé dé dang thay doi khoang thoi gian quan tam sau
nay. Ching ta c6 thé lam diéu nay bang cach dit nim va thang bat dau va két
thic thanh céc bién riéng biét:

/I Set period

var startyear = 2018;

var endyear = 2020;

var startmonth = 1;

var endmonth = 12;

var startdate = ee.Date.fromYMD(startyear,startmonth,1);
var enddate = ee.Date.fromYMD(endyear,endmonth,31);

Buéc 3: Nhap bo dir liéu luong mua ngay CHIRPS va bo dir ligu boc
thoat hoi nudc MODIS Terra (giong nhu trong Bai tap 1 cua Goéi dao tao nay).

/I Filter datasets for bands and period

var ET = ee.ImageCollection('MODIS/006/MOD16A2") .select('ET")

filterDate(startdate, enddate);

var  PRCP = ee.ImageCollection(UCSB-CHG/CHIRPS/DAILY")
.select('precipitation’) .filterDate(startdate, enddate);

Buéc 4: Ching ta s& xac dinh luong boc thoat hoi va lugng mua nam
trong luu vuc. Ching ta s€ st dung ham .sum va sé nhan tap dix liéu boc thoat
hoi véi 0,1 vi day 1a hé so6 chuyén doi caa tap dir liéu nay.

/l Calculate sum and multiply ET with 0.1 var ET_sum =
ET.reduce(ee.Reducer.sum()).multiply(0.1).divide(3);
var PRCP sum = PRCP.reduce(ee.Reducer.sum()).divide(3);

Budéc 5: Bay gio chung ta sé& hién thi ban do lugng mua. Sao chép céac
thong sé hién thi ma ban da sir dung dé hién thi truc quan luong mua CHIRPS
trong céc bai tap trudc do. Chay tap lénh va kiém tra két qua. Bay gio thay doi
cai dit luong mua nho nhét va 16n nhét lién quan dén mau dé va xanh lam cho
dén khi ban hai 16ng véi ban do két qua. Dung quén chay va luu tap lénh cua
ban sau moi budc.

/l Set visualization parameters
var ETVis ={

min: 0.0,

max: 1000.0,

palette: [




fHfff', 'fcd163', '99b718', '66a000', '3e8601', '207401", '056201",

'004¢00', '011301"

1

b

var PRCPVis = {

min: 1000,

max: 2500.0,

palette: ['001137', '0aable’, 'e7eb05', 'ff4a2d’, 'e9000017, };

/[ Add wvariables to the map and filter on Red River
Map.addLayer(ET_sum.clip(Red_River), ETVis, 'ET'); Map.addLayer(PRCP
sum.clip(Red River), PRCPVis, 'PRCP");

Bang céch trir lwong mua bang luong nuéc boc thoat hoi, ching ta co thé
tinh dugc “luong nuéc hiéu qua”: luong nudc thim vao dat hoic tré thanh dong
chay bé mat.

Bwéc 6: Thém cac dong ma sau dé trir lugng thoat hoi nudc hang nim
khoi luong mua va 1ap ban do luong nudce hiéu qua. Luu y rang lugng nuéc hiéu
qua trung binh ciia luu vuc dugc in trong Bang diéu khién la “Zonal mean P-
ET”.

/l Calculate P - ET

var water_yield = PRCP_sum.subtract(ET_sum);

var wateryieldVis = {

min: 0.0,

max: 3000.0,

palette: ['001137', 'Oaable’, 'e7eb05', 'ff4a2d’, 'e90000',

Y

Map.addLayer(water_yield.clip(Red_River),  wateryieldVis,  'Water
yield);

/I Get P-ET statistics

var ZonalMeanWyY =
water_yield.reduceRegion(ee.Reducer.mean(),Red_River,5000);  print(*Zonal
mean P-ET", ZonalMeanWY);

Bwéc 7: Bay gio ching ta s& tao mot biéu d6 luong nudc hiéu qua theo
thoi gian. Ching ta s& st dung mot ham téng hop di liéu lwong mua va luong
bdc thoat hoi thanh tong hang thang. Chlng ta s& lay tong lwong mua hang
thang trir di tong luong nudc bdc thoat hoi hang thang dé co duge luong nude
hiéu qua hang thang. Cudi cung, ching ta v& cac gia tri d6 trong biéu do.

I/l Water yield graph

/I calculate the et for each month

var months = ee.List.sequence(startmonth,endmonth);

var years = ee.List.sequence(startyear,endyear);

var allET = ee.ImageCollection.fromlmages( years.map(function (y) {
return months.map(function(m){



var w = ET filter(ee.Filter.calendarRange(y, Y, 'year'))
filter(ee.Filter.calendarRange(m, m, 'month')) .sum();

return w.set('year’, y) .set('month’, m) .set('date’,
ee.Date.fromYMD(y,m,1)) .set('system:time_start',ee.Date.fromYMD(y,m,1));

bk

}).flatten());

/I calculate the P for each month
var allP = ee.ImageCollection.fromimages( years.map(function (y) {
return months.map(function(m){

var  w = PRCP.filter(ee.Filter.calendarRange(y, vy, ‘'year'))
filter(ee.Filter.calendarRange(m, m, 'month')) .sum();

return w.set('year', y) set(‘'month’, m) .set(‘date’,
ee.Date.fromYMD(y,m,1)) .set('system:time_start',ee.Date.fromYMD(y,m,1));

bk

}).flatten());

/[ Combine the two datasets and calculate monthly water yield var
P_ET _combi = allP.combine(allET);

P_ET combi=P_ET_combi.map(function(img){

var myimg = img.expression("(p - et) ",

{

p: img.select("precipitation™),

et: img.select("ET").multiply(0.1),

b);
return img.addBands(myimg.rename('P-ET"));

b

/I setup the chart var title = {

title: 'Monthly water yield',

hAxis: {title: 'Time'},

VAXis: {title: "Wateryield (mm)'},

b

var chart = ui.Chart.image.seriesByRegion(P_ET _combi, Red_River,
ee.Reducer.mean(), 'P-ET", 2500, 'system:time_start’,

'SITE")

.setOptions(title) .setChartType('ColumnChart');

/I plot the chart print(chart);

Biéu d6 nay s& gidng nhu thé nay:



Monthily watar yild

Cau hoi nhanh 3.5
Ct phap day du cua bai tap ndy cd thé duoc tim thay tai day:

https://code.earthengine.google.com/d8045830b61df1d6cabd3515d0bf6ad
c? noload=true
3.6. Hinh thai séng ngoi

Viét Nam c6 mot s sdng va hé thong dong bang 16n. Trong phan dau tién
ctia goi huan luyén nay, ching ta s& tap trung vao hinh thai sdng ngoi va nguyén
nhan cua céc bién doi hinh thai.

Agua Monitor

Nén tan Aqua Monitor cung cap cai nhin tong quan vé su thay doi cua céc
thay vuc bé mat Trai dat trong 30 nam qua.

Buoc 1. Truy cap http://aqua-
monitor.appspot.com/?from=2000&t0=2017 &view=17.21179758232761,95.
72558832305796,11z&max_doy=365

Mau xanh lyc thé hién noi nudc mat da trg thanh dat (boi lang). Mau xanh
lam nguoc lai, cho biét noi dat da tré thanh nudc mat (x6i mon).

xuat hién trén man hinh cua ban.

Véi thanh thoi gian & phia dudi cting, ban c6 thé chon khoang thoi gian
ma ban mudn xem sy thay d6i cia nudc bé mat. Bang cach di chuyén ba thanh
truot & goc dudi clng bén phai, ban c6 thé thiy cac thay d6i hoic anh vé tinh
cta hai nim (nim bat dau va ndm gan nhat) ban da chon trén thanh thoi gian.

Khi thanh trugt hét c& sang bén phai c6 nghia 13 dang "bat". Néu ban
mudn xem céac thay ddi trong khoang thoi gian da chon, ban phai di chuyén
thanh trugt ‘Changes' sang bén phai. Khi d6 ban c6 thé thdy cac mau xanh luc va
xanh lam biéu thi nhiing thay doi ciia nuwdc va bé mat dat. Luu y rang thanh truot
cao nhat trong ba thanh truot "bat" s& 14 thanh hién thi trén man hinh. Vi vay,
néu thanh truot 'Changes' dugc bat, nd sé& 1a thanh duogc hién thi. Néu né “tat”,
anh vé tinh cia nam gan nhat dugc chon s& duogc hién thi. Va néu né ciing bi
“t4t” thi anh vé tinh cua nam bat dau s& duoc hién thi.

Buwéc 2. Phéng to Pong bang song Hong (Viét Nam) (bgn c6 thé tim


https://code.earthengine.google.com/d8045830b61df1d6cabd3515d0bf6a4c?noload=true
https://code.earthengine.google.com/d8045830b61df1d6cabd3515d0bf6a4c?noload=true
https://code.earthengine.google.com/d8045830b61df1d6cabd3515d0bf6a4c?noload=true
http://aqua-monitor.appspot.com/?from=2000&to=2017&view=17.21179758232761,95.72558832305796,11z&max_doy=365
http://aqua-monitor.appspot.com/?from=2000&to=2017&view=17.21179758232761,95.72558832305796,11z&max_doy=365
http://aqua-monitor.appspot.com/?from=2000&to=2017&view=17.21179758232761,95.72558832305796,11z&max_doy=365

Pong bang sdng Hang trén thanh tim kiém).

- Pqt thanh thei gian ¢ phia duéi cung tir ndam 1987 dén nam 2017 (30
nam)

- Xem anh vé tinh nam 1987

- Xem anh vé tinh nam 2017

- Kiém tra su thay déi cua hinh thai sdng ¢ khu viec nay.

Buwéc 3. Bay gio hdy di chuyén ban do vé phia Tdy dén Bangladesh (hodc
sir dung thanh tim kiém). O ddy ban c6 thé thdy mét md hinh séng phan dong
(braided river) rat dep, da thdt sir thay doi rat nhiéu theo thoi gian.

3.7. Xac dinh sw thay déi hinh thai sdng ngoi

Pé hiéu tai sao sdng Hong khéng thay d6i hinh dang dang ké trong 30
nam qua, ching ta s& phai xem xét cac yéu t6 gay ra diéu nay. Trong bai tap nay,
ching ta s& xét dén do cao, do déc va lop phu bé mat caa khu vuc,

Pé bat dau, ching ta s& can gitra ban d6 dén Pong bang séng Hong (khu
vuc quan tam).

Buwéc 1. Pau tién hdy tao mot tap léenh moi goi
‘WP4 Understanding_River behaviour'.

Cin giira ban do

Ban c6 thé s& nhan thay ché o6 xem ban db & ntra dudi cua cira s6. Rat ¢6
thé, trong man hinh caa ban, nd hién dang dugc can gitra & Hoa Ky. Ching ta c6
thé can giira nd vao mot vi tri khac.

Buwéc 2. Nhap cl phap sau vao tap 1énh va nhip vao 'Run'

/Il Zoom to a location.
Map.setCenter(106.29, 20.89, 9); // Center on Red River Delta
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Buéc 4. Ve hlnh chir nhat xung quanh Dong bang song Hong. Khi tha
chuét, ban s& thiy rang mot bién geometry da xuat hién ¢ dau man hinh trong
muc ‘Imports'.

t Imports (1 entry) s

» var geometry: Polygon, 4 vertices

Ddi tén bién nay thanh AOI bing c4ch nhap vao tir geometry.

3.8. Ban d6 do cao + do déc

Trong bai tap nay ching ta s& phan tich sé liéu do cao cua khu vuc dong
bang séng Hong. Dir lidu 6 cao ma ching ta s dung thuc té ciing chinh 1a tap
dix liéu ma ban d3 st dung trong Goi dao tao s6 1. Vi vay, néu ban da biét cach
chen tap dir liéu nay vao tap Iénh caa minh, vui long thuc hién viéc nay theo
cach cua ban.

Bay gio chling ta s& thém di liéu Do cao vao ban do. Pbi voi muc tiéu
nay, chang ta s€ su dung dit liéu SRTM. SRTM c6 nghia la St ménh Bia hinh
Radar cua tau Con thoi (Shuttle Radar Topography Mission). Pay 1a mot du an
cia NASA, & d6 ho tao ra dir liéu do cao tir cac vé tinh radar. Ban c6 thé su
dung dir liéu vé tinh SRTM dé tao va xem ban d6 d6 cao.

Buwéc 1. Dé tai dir lidu, ban thém ct phap sau vao tap lénh va nhap vao

‘Run':

// Define an image using the Image constructor.

var SRTM = ee.Image('CGIAR/SRTM90 V4');

Bwéc 2. Chiing ta mudn xem thdng tin bén trong tap dit liéu SRTM. Pé
lam nhu vay, ching ta s& in tap dix liéu ra Bang diéu khién

print('SRTM image', SRTM)Khi ban chay tap lénh, hiy luu y mot doi
tugng xuat hién trong Bang diéu khién. Dé diéu tra cac thudc tinh caa ddi tuong,
hdy mé rong d6i twong bang cach nhap vao hinh tam giac bén trai d6i twong. Mo
rong d6i twong hinh anh, thudc tinh 'bands’, bang tan 'elevation' tai chi muc '0' va
thudc tinh 'data_type' cua bing tan 'elevation’ dé thy rang d6 1a kiéu dir liéu
int16 c6 dau.

Use print(...) to write to this console.

SRTM image

"Image CGIAR/SRTM90 V4 (1 band)

type: Image

id: CGIAR/SRTM90_ V4

version: 1590671702209836

"bands: List (1 element)

» 0: ‘elevation”, signed intl6, EPSG:4326, 432000...
P properties: object (24 properties)

Buwéc 3. Trong toan bo tap dit lieu SRTM nay, chlng ta chi can quan tam

1



mét phan nho, d6 1a khu vuc xung quanh dong bang séng Hong. Bé 1am nhu
vay, ching ta gigi han hinh anh tai khu vuc ching ta quan tam:

// Clip the digital elevation model to our area of interest
var SRTM AOI = SRTM.clip(AOl);

Buwéc 4. Ban c6 thé hién thi dit liéu nay bang cach thém n6 thanh mét 16p
méi trén ban d6. Bang cach thém gié tri téi thiéu va tdi da cho vung triing nay
cua Viét Nam, ban d6 s& hién thi nhiéu thdng tin hon. Hay thir nghiém véi cac
gia tri t6i thiéu va tdi da khac nhau dé hién thi nhiéu chi tiét nhat c6 thé. Thém
cti phap bén dudi vao tap 1énh va nhap vao ‘Run":

// Display the image on the map.
Map.addLayer(SRTM_AOI, {min: 0, max: 200, palette: ['blue','cyan’,
'white']}, 'SRTM AQI");

Luu va chay tap Iénh.

Bai thuyét trinh giai thich rang d6 doc ciing c6 thé c6 anh hudong lén dén
dong luc caa séng. Do do, chiing ta ciing s& xac dinh do dbc cua khu vuc nay.

Bwéc 5. Bang cach sir dung thuat toan Dia hinh, chiing ta cd thé xac dinh
d6 doc (tinh bang d6) cua khu vuc quan tam.

/Il Slope

var terrain = ee.Algorithms.Terrain(SRTM_AOQOI); var slope =
terrain.select('slope’);

Map.addLayer(slope,{min: 0, max: 15},'slope’);

Luru va chay tap Iénh.

Trong bai thuc hanh nay, ching ta ¢ xem xét cac sé liéu vé do cao ¢
Pong bang sdng Hong.

Ping quén luu tap lénh cua ban! Ca phap day du ¢ thé dugc tim thay ¢
day: https://code.earthengine.google.com/aal79bb3a18408c69b9cf9513ae2dc69
3.9. Ban d6 tham phi

Nhiéu nguén dir liéu khac nhau c6 san trong Google Earth Engine cung
cap thong tin chi tiét vé s dung dat caa mot khu vuc bat ky. Trong phan nay,
chling ta s& bat dau véi viéc khai thac va hién thi dix liéu nay trén ban dd.

Nhin chung, Google Earth Engine ¢ dit liéu co ban trén toan thé gigi co
thé duoc sir dung két hop véi dir liéu vé tinh. Néu ban mudn sir dung mot nguon
dir lieu khac véi nguon ma ching ta s dung ¢ day, hiy thir tra ctu né trong
cong cu tim kiém Google Earth Engine va xem n6 cé san hay khong.

Bay gio chlng ta s& bat dau véi viéc tao ban d6 véi thdng tin vé 1op pha
va diéu kién loai dat. Trong Google Earth Engine, ban d6 tham phu cia MODIS
tir NASA ¢6 san tir nam 2001 dén nam 2019. Néu ban muén biét thém vé ngudn
dir liéu nay. Hay xem tai: https://Ipdaac.usgs.gov/products/mcd12g1v006/.

Moi ngudn dit liéu trong Google Earth Engine déu chua tép siéu dir liéu
miéu ta théng tin dir liéu nhu d6 phan giai, cach sir dung, loai théng tin dir liéu
chiba dung va vVvi du nhoe bang mau dugc chon  trudc:
https://developers.google.com/earth-



https://code.earthengine.google.com/aa179bb3a18408c69b9cf9513ae2dc69
https://lpdaac.usgs.gov/products/mcd12q1v006/
https://developers.google.com/earth-engine/datasets/catalog/ESA_GLOBCOVER_L4_200901_200912_V2_3

engine/datasets/catalog/ESA_GLOBCOVER_L4_200901_200912_V2_3 ‘
Buwoc 6. Tiep tuc tap Iénh cta ban trong bai tap trudc va thém thong tin vé
tham phu ctiia nam 2019 bang cach sir dung tap cu phap bén dudi

/[Add land cover map //2019

var dataset = ee.lmage('MODIS/006/MCD12Q1/2019 01 _01%); var
igbpLandCover_2019 = dataset.select('LC_Typel");

/I clip the Land cover map

var RedRiver_Ic 2019 = igbpLandCover 2019.clip(AQl);

Bay gid ban di thém ban d6 tham phu vao tap Iénh cua minh nhung van
chua thém hinh anh vao ban d6. Néu ban muédn biét mau sac can sir dung, danh
muc dit lieu c6 thé rat thuan tién. N6 cO thé duoc tim thidy ¢ day:
https://developers.google.com/earth-engine/datasets/catalog/

Bwéc 7. Néu ban nhap ‘MODIS land cover' vao thanh tim kiém trén trang
web Danh muc dit liéu cia Google Earth Engine (lién két ¢ trén), ban c6 thé tim
thay tap dit lieu ma ching ta dang str dung. Khi ban nhap vao nd, ban co thé tim
thay mot doan ma ¢ dudi cling c6 thé duoc st dung dé hién thi dix liéu tham pha
nay 1én ban d6. Ban c6 thé nhan ra mot vai dong dau tién ching ta da sir dung &
budc trude. Vi vay, ching ta chi can sao chép cl phap “var igbpLandCoverVis'
va ‘Map.addLayer' vi chlng ta da can ban do vé Viét Nam trudc d6. Hay thém
cu phap nay vao tap Iénh cuaa ban. .

: : > @
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// visualization land cover var igbpLandCoverVis = { min: 1.0, max: 17.0,
palette: [

1

3

I/ show layer on the map

Map.addLayer(RedRiver Ic 2019, igbpLandCoverVis, 'IGBP Land
Cover');

Danh muc dit liéu to ra rat hitu ich khi ban mudn truc quan hoa tap dit liéu
mot cdch nhanh chong.

Buwéc 8. By gio chling ta s& thém ch( giai vao ban do dé c6 thé giai thich
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https://developers.google.com/earth-engine/datasets/catalog/ESA_GLOBCOVER_L4_200901_200912_V2_3
https://developers.google.com/earth-engine/datasets/catalog/

ban db tham phu. Ban cd thé sir dung cl phap trong lién két nay cho viéc dé:
https://code.earthengine.google.com/c32097aaa64a20669898d3f1¢219f981
3.10.Piéu kién loai dat

Vi chiing ta vira tai dit liéu 16p phu, nén ciing c6 thé xem dit liéu vé ham
lugng cac loai dat cua I6p dat dudi bé mat. Bidu ndy cung cip thdng tin tong
quan vé loai dat dudi bé mat cua khu vyc. Ban ¢6 thé sir dung thong tin nay cho
cac phan tich vé han han hodc ndng nghiép. Xin luu y, dir liéu co thé khong
chinh xac nhung né cung cap cé4c dau hiéu ban dau vé ham luong dat sét cua I6p
dat dudi bé mat.

Buwéc 9. Véi ca phap bén dudi, ban co thé tai théng tin vé ham luong loai
dat. Trong truong hop nay, ching ta da dwa ra mot vi du véi ham lugng dat sét.

Cau héi 7: Ham lwong dat sét dwoc hién thi véi ci phap bén duéi &
do sau nao?

IIIsoil clay/lll

/limport, filter and display

var dataset = ee.Image("OpenLandMap/SOL/SOL_CLAY -
WFRACTION_USDA- 3A1A1A_M/02");

var RedRiver_clay = dataset.clip(AOl); //Band of interest

var clay_band = 'b100";

var visualization = { bands: [clay_band], min: 0.0, max: 50.0, palette: [

"FFFF00", "FFA500","FF0000" ]

Y

Map.addLayer(RedRiver_clay, visualization, 'Clay content');

Hinh anh cho ra mau cam. Néu ban google cac mau trong bang mau, ban
c6 thé thay diéu nay cho thdy ham luong dat sét cao (% kg/kg).

Ping quén luu tap lénh cia ban! Ca phap day du ¢ thé dugc tim thay ¢
day: https://code.earthengine.google.com/f35be741a6bd7601d840282f9847be3a
3.11.

Phan th hai cua Goi dao tao nay s& gigi thiéu cac khai niém vé rai ro 1
lut va céch phan tich bang cach sir dung Google Earth Engine, dua trén khai
niém rai ro = tan sut xuat hién x tac dong. Do do, rui ro 1i lut khdng chi phu
thudc vao kha nang 1i lut xay ra tai mot dja diém nhat dinh ma con phu thudc
vao tac dong cua i 1én mot khu vuc cu thé dudi hinh thic hoat dong kinh té
(16p phu dat) va kha nang thiét hai vé nhan mang (dan sé). Bén canh do, goi dao
tao nay ciing sé& tap trung vao cac nhém ngudi dé bi ton thwong trong mat tran li
lut nhu nguoi gia, tré nhé va bénh nhan trong bénh vién. Ho c6 thé phai chiu
nhiéu thiét hai trong truong hop c6 1ii lut hon nhiing ddi tuong khac.

Nguon: https://lapaas.com/how-to-learn-risk-impact-and-probability-
chart/



https://code.earthengine.google.com/c32097aaa64a20669898d3f1c219f981
https://code.earthengine.google.com/f35be741a6bd7601d840282f9847be3a
https://lapaas.com/how-to-learn-risk-impact-and-probability-chart/
https://lapaas.com/how-to-learn-risk-impact-and-probability-chart/

Hudng dan nay s& md ta mot sb thao tac co ban theo cac budc ngan gon.

Trong truong hop ban muén biét thém cac théng tin khac, vi du: vé cac
chtrc nang khong duoc dé cap trong hudng dan, vui 1ong tham khao:

https://developers.google.com/earth-engine/playground

hoic dit cau hoi cho nguoi huéng dan.

Tap dit liéu JRC s& xuat hién & dau tap 1énh cua ban.

Buwéc 2. Tdp dir liéu c6 tén 12 ‘ImageCollection’, hdy thay doi tdp dir liéu
nay thanh 9rc'.

» var jrc: Image (7
bands) c

Chuing ta khéng can phai phan tich tan suat xuat hién cua 1 lut trén toan
thé gigi. Ching ta chi quan tam dén Viét Nam. Do dé, chung ta s& loc b dix lidu
JRC ¢ Viét Nam. Diéu nay ciing sé tiét kiém thoi gian tinh toan.

Buéc 4. Dol tén bang dé nhdp tir "table” thanh “country” bang cch nhap
vao tir "table” ¢ dau man hinh cua ban.

danh sach '500m: Global Administrative Unit Layers’.

ound
I View

Suge

FAO GAUL: Global Administrative Unit Layers 2015, Second-Level Administrative Units
IFAO GAUL 500m: Global Administrative Unit Layers
FAO GAUL: Global Administrative Unit Layers 2015, First-Level Administrative Units
FAO GAUL 500m: Global Administrative Unit Layers 2015, First-Level Administrative Units
FAO GAUL: Global Administrative Unit Layers 2015, Country Boundaries
FAO GAUL 500m: Global Administrative Unit Layers 2015, Country Boundaries
> var| Table] Table
Buwoc 5. Chang ta sé chon quoc gia Viét Nam tur b dir lieu FAO GAUL.
Ban co thé xem phan ‘Bands’ cua tdp dir licu FAO GAUL khi nhgp né vao thanh
tim kiem deé thay rang bang tan "ADMO_NAME" dai dién cho Tén quoc gia theo
Lién hop quoc ma tdp dir liéu do chira. Ching ta can sir dung "Viet Nam™.

2015, Second-Level Adminisirative LJstl

/I Filter by country
var Vietnam = countries.filter(ee.Filter.eq('ADMO NAME', 'Viet Nam"));

Buwéc 6. Boi vi chiing ta khéng muon kéo ban do cia minh d@én Viét Nam
mai khi l1am viéc véi tdp lénh nay, chiing ta sé cdn giita doi twong vao Viét Nam
(ma chang ta vira xdc dinh ¢ buoc 5).

// Centre on Vietnam

Map.centerObject(Vietnam,6);

Buwéc 7. Chung ta ciing sé xdc dinh ngay bat dau va ngay két thiic bang
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https://developers.google.com/earth-engine/playground

céch tqo bién startDate va endDate ma sau nay sé si dung cho tdp di liéu JRC.

/I Define study period
var startDate = ee.Date.fromYMD(2000, 1, 1); var endDate =
ee.Date.fromYMD(2021, 1, 1);

Buéc 8. Loc dir liéu JRC theo ngay bar dau va ngay két thiic va quoc gia
Viét Nam ma ban da xac dinh ¢ Buodc 5.

/l Filter JRC on Vietnam and period

var myjrc = jrc.filterBounds(Vietnam).filterDate(startDate, endDate);
Kiém tra dir liéu caa ban 14 rit quan trong trong moi nghién ctu va ca khi 1am
viéc vai Google Earth Engine.

Buwoc 9. Kiém tra tinh day dii cua diz liéu JRC ma ban dang sir dung bang
cach si dung chirc nang print.

/[Print myjrc dataset

print(myjrc);

Trong bang diéu khién bén phai, ban sé& thay trong ‘features' tat ca céc
thang cua khu vuc gitta ngay bat dau va ngay két thiic ma ban da chon.

Chung ta mUOn xay dyng mot ban d6 tan suat 1i. Pé 1am nhu vay, chdng
ta can biét tan suat c6 nudc cia mdi 6 ludi trong giai doan nghién cau. Ching ta
c6 thé 1am diéu nay bang cach xéac dinh tan suat nudc dugc phat hién trong mot
6 lugi nhat dinh chia cho sb lan quan sat & d6. Néu ban nhan con sé nay véi 100,
ban s& nhan duoc phan tram thoi gian ma nudce ¢ trong 6 ludi.

Buwéc 10. Pé tim ra cach thuc hién diéu nay co thé 1a mét thach thic Iic
dau. Do dé, chiing t6i cung cdp cho ban thong tin dau tién, né dwoc mo td bén
duon.

I/ Detect observations

var myjrc = myjrc.map(function(img){
// observation is img >0

var obs = img.gt(0);

return img.addBands(obs.rename('obs').set('system:time_start',
img.get(‘'system:time_start")));
b

/I Calculate the total amount of observations
var totalObs =

ee.Image(ee.ImageCollection(myjrc.select("obs™)).sum().toFloat());

Bay gid ban da xac dinh tong s6 quan sat.

Bwéc 11. Ban c6 thé tu minh nghi ra cach xac dinh ‘only water' trong 0
ludi khéng? Sau do, ban s€ phai chia gia tri nay cho totalObs va nhan n6 vai 100
dé c6 phan tram.

/l Detect all observations with water
var myjrc = myjrc.map(function(img){
/I if water

var water = img.select(‘'water').eq(2);




return  img.addBands(water.rename(‘onlywater’).set('system:time_start’,

img.get(‘system:time_start')));

0);

i

/l Calculate all observations with water
var totalWater =
ee.Image(ee.ImageCollection(myjrc.select("onlywater")).sum().toFloat

/l Calculate the percentage of observations with water
var floodfreq = totalWater.divide(totalObs).multiply(100);

Bay gid chdng ta mudn che nhitng khu vuc chua bao gio c6 nuée, ching

ta khéng muén nhin thay nhitng khu vuc d6 trén ban do, do nguy co li lut rat

thap.

Bwoc 12. Che nhang khu vuc chuwa bao gio co nwoc trong thoi gian

nghién cuu.

// Mask areas that are not water

var myMask = floodfreq.eq(0).not();

var floodfreq_select = floodfreq.updateMask(myMask);

Buwéc 13. Thém bang mau va cat hinh dnh theo khu viec quan tam (Viét
Nam) d@é thém 16p vao ban do

/[ Add a palette var viz = {min:0, max:90,

palette:[ 'FFFFFF','008000','001556','n7d2f7']};
Map.addLayer(floodfreq_select.clip(Vietnam),viz,"Flood frequency");

nay

Buwéc 14. Thém mét chl gidi di kém véi ban dé tan suat li. Céc cii phdp

hoi dai nén cé thé duwoc sao chép tir 6 bén dudi.

/I set position of panel var legend = ui.Panel({ style: {
position: 'bottom-left’, padding: '8px 15px’

¥

b;
/l Create legend title

var legendTitle = ui.Label({ value: 'Floodfrequency 2000 - 2020', style: {
fontWeight: 'bold’, fontSize: '18px’, margin: '0 0 4px 0', padding: '0' }

b

/[ Add the title to the panel legend.add(legendTitle);

Il Creates and styles 1 row of the legend.

var makeRow = function(color, name) {

/I Create the label that is actually the colored box. var colorBox =

ui.Label({

style: { backgroundColor: '# + color, // Use padding to give the box

height and width. padding: '8px’, margin: '0 0 4px 0'

}
h;




/I Create the label filled with the description text. var description =
ui.Label({

value: name,

style: {margin: '0 0 4px 6px'}

b:

/I return the panel return ui.Panel({ widgets: [colorBox, description],
layout: ui.Panel.Layout.Flow(‘horizontal')

b:

}

// Palette with the colors

var palette =['FFFFFF','008000','001556','b7d2f7'];

// name of the legend

var names = ['0%','30%','60%','90%];

/I Add color and and names for (var i = 0; i <4; i++) {

legend.add(makeRow(palette[i], namesl[i]));

}

// add legend to map (alternatively you can also print the legend to the
console)

Map.add(legend);
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Pung quén luu tép Iénh cia ban. Cu phap day du co thé dugc tim thay ¢
day: https://code.earthengine.google.com/da4a9370d7b41e7869e071b4add4af37
3.11. Panh gié tac dong dén cac co so y té

Rui ro khdng chi lién quan dén kha nang xay ra mot diéu gi d6 ma con la
tac dong cua su kién do. Bé udc tinh cac vi tri ¢o rai ro cao nhat, tét nhat 1a ban
phai biét noi c6 nhiéu nguoi nhat s& phai ganh chiu hau qua cua 1i lut. DI V6i
diéu ndy, ching ta s& str dung dir liéu dan sé c6 san trong Google Earth Engine.

4.2.1 Dit ligu dén s6

Bét dau véi tap 1énh ma ban da thuc hién trong bai tap 3 dé co thé két hop
dit liéu dan sb va tan suat 1d.

Bwéc 1. Trong thanh tim kiém & trén cung cza man hinh, hdy nhdp
‘GHSL

population’. Chon két qud xudt hién trén ciing véi ‘population grid'.

GHSL population

| GHSL : Global Human Settlement Layers, Population Grid 1975-199U-
2000-2015 (P2U16) 1 *

GHSL: Global Human Settlement Layers, Settlement Grid 1975-1990-
2000-2014 (P2016)

Trong ctra s6 hién 18n, hdy xem qua phan ‘Bands'. Bing tan duy nhét 1a
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‘population_count' ma chung ta sé su dung.

Buwéc 2. Sao chép doan ma bé suu tdp & dwdi cung bén trai cia cira so
hién Ién. Tao mét bién goi 1a ‘population_2015' va thém doan ma cua bg suu
tdp vao dé. Loc bién theo di liéu c6 san gdn ddy nhat (2015) bang cdach dat
ngay bdt dau va ngay két thc.

// Add population to make a flood risk map

Il select population var population_2015 =
ee.ImageCollection("JRC/GHSL/P2016/POP_GPW_GLOBE_V1")

filter(ee.Filter.date('2015-01-01', '2015-12-31"));

Buwéc 3. Néu ban in bién ‘population_2015' ndy, ban sé thay rang no thuc
sy chi chira mgt anh. Tuy nhién, vi GEE xem né nhw mot bo swu tap hinh danh
(nhiéu hinh anh) nén ching ta sé phdi chon dnh dau tién nay. Bén canh dé, hay
chon béng tan can thiét (‘population count’) va giéi han dit liéu vé Viét Nam.

var population_Count_2015 =
population 2015.select(‘population_ count)flrst() cllp(Vletnam)

Buwdc 4. Bay gio ching ta sé tao mot bién dé t6 mau dan so trén ban do.

Chuing ta ciing nén cung cap cac gia tri toi thiéu va téi da.

var vispar_population = { min: 10, max: 1000, palette: [

"white", "purple”] };

Cau hoi 10: CAc gia tri tdi thiéu va téi da nay c6 nghia 1a gi?

Buwéc 5. Cudi cing nhung khéng kém phan quan trong, ching ta sé phdi
thém 16p vao ban do. Béi vi ching ta khéng quan tdm dén bat ky khu vic ndo cé
dudi 10 ngueoi trén méi 6 lwéi 250x250 m, ching ta sé chi hién th; cac gia tri
cao hon 10.

/[ add the population layer to the map without showing cells with

Il lower than 10 people per cell
Map.addLayer(population_Count_2015.updateMask(population_Count_2015.
gt(10)),vispar_population, 'Population per 250m cell 2015");
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Pung quén luu tép 1énh cta ban. Cu phap day du c6 thé dugc tim thiy ¢
day: https://code.earthengine.google.com/10f75fc9ffc24e3ffd18cc8f2a664373

Khong ai gidng ai. Mot s6 nguoi it c6 kha nang di chuyén hodc doc l1ap
hon va s€ gap kho khan hon trong viéc so tan trong truong hop 1t lut. Mac du
diéu nay 1a c4 nhan, nhung mot s6 nhém co thé dé b ton thuong hon nhiing
nhém khéac. Vi du nhu tré em, bénh nhan trong bénh vién va nguoi cao nién. Khi
biét vi tri ctia ho c6 thé gitip xac dinh nhu cau hd tro thém trong truong hop li
lut. Trong bai tap ndy, ching ta s& thém cac co s¢ y té vao ban d6. Chlng ta s&
st dung cung mot tap dir liéu tr bai tap 11 cua goi dao tao 1.
431Cosoyté

Nguoi dan trong cac co so y té (bénh vién, v.v.) s& it di chuyén hon trong
truong hop 1i lut. Do d6, chiing ta muén biét noi dat cac co sy té dé xac dinh
noi ¢4 nhu cau cu thé dé dugc hd tro so tan hodc can bao vé thém.

Pé két hop tat ca thong tin, hdy bat dau tir kich ban cua bai tap 4.

Buwoc 1. Tai Health_facilities_Vietnam.zip xuong may tinh cia ban tir
trang Moodle trong Gdéi dao tao 4.

Chdng ta tai shapefile nay 1én Google Earth Engine.

Buwéc 2. O'trén cing bén trai ciza man hinh, hay tim ‘Assets’ va nhdp vao
no. Tiép theo nhdp vao ‘NEW' (it mau do) va sau dé nhdp vao ‘Shape files'
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Google Earth Engine

Scripts Docs m
“ (:) ADD A PROJECT i

Image Upload

GeoTIFF (.tif, .tiff) or TFRecord (tfrecord

Table Upload

Shapefiles (.shp, .shx, .dbf, .prj, or .zip)

CSV file (.csv)

Image collection

Folder

Buwéc 3. Chon tdt ca céc tép trong zip (sau khi gidi nén zip trén may tinh
cia ban). Poi tén assetname thanh Vietnam_healthfacilities' va nhdp vao
‘Upload.'.

Upload a new shapefile asset

Source files

Please drag and drop or select flies for this asset.

Allowed extensions: shp, zip, dbf, prj, shx, cpg, fix, qix, sbn or shp.xml.

hotosm_vnm_health_facilities_points.cpg
hotosm_vnm_health_facilities_points.dbf
hotosm_vnm_health_facilities_points.prj
hotosm_vnm_health_facilities_points.shp
hotosm_vnm_health_facilities_points.shx

Bay gio, ban co thé thdy nit “Tasks' chuyén sang mau cam. Tép shapefile
dang duoc tai 18n. Sau mot ldc, hdy 1am méi dir liéu cua ban bang cach nhap vao
nat nay ¢ trén cung bén trai caa man hinh.,

Buwoc 4. Ban sé thdy ‘Vietnam_health_facilities' b8y gio xudt hién trong

Assets. Nhdp dir liéu ndy vao tdp Iénh cia ban bang cach nhdp vao né va
sau dé nhdp vao ‘Import'.

Bay gid ban c6 thé thy ring tap dit liéu nay 1a mot phan cua Imports.

Buwéc 5. Doi tén di ligu thanh ‘healthfac'

» var healthfac : Table users/carolien/\/ietham_health_facilities

Ludn ludn tét dé kiém tra nhitng gi ban da nhap bang céch in tap dir liéu
vao Bang diéu khién cua ban.

Budéc 6. In 'healthfac' vao Bang diéu khién.

// health facilities
| /] take a look at the shapefile that you have imported print(healthfac); |
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Cudi cling, chling ta s& thém cac co s Y té vao ban do.

// add the health facilities to the map Map.addLayer(healthfac, {color:
'black'}, 'health facilities');

an

-

B

day: https://code.earthengine.google.com/cfdc4c830cd0a88f41fad620c293fc55
V. KET LUAN

Tur két qua xac dinh cac tn dung cia GEE rdt ra mot s6 két luan sau:

- GEE c6 thé tng dung trong rat nhiéu linh vuc khac nhau;

- Khai thac dix liéu khdng 16 cac loai dir lieu vé @6 am, dix liéu anh
sentinel, cac dir liéu vé luong mua toan cau, dit liéu vé viéc sir dung
dat,...

- So sanh, danh gia cac giai doan va thoi ky khac nhau,

- Xay dung cac dang ban d6 theo dinh huéng cia ngudi st dung nhu
ban d6 nhay cam 1i lut, ban db bién doi dt,. ...

TAI LIEU THAM KHAO
1. B&o cao hoc thuat duoc lugc dich tir khoa dao tao vé GEE cua truong Dai
hoc Tai Nguyén va Méi truong.
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