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SIGN UP

Sign up for Earth Engine

it you'd like to become an Earth Engine developer, please sign up by providing the following information. We carit
accept all applications, so please fill out all fields as best you can so we can evaluate your request for access. If
You are accepted. you will receive an email within one week.

Y JS) 158 3yls 1y 5L 5590 coledo] signup dscas

Sign up for Earth Engine

If you'd like to become an Earth Engine developer, please sign up by providing the following information. We cant
accept all applications, so please fill out all fields as best you can sa we can evaluate your request for access. If
you are accepted, you wil receive an emall within one week

Want 16 use a different account? L0g oul of use an INcognito tab.
S

Amirhossein Ahrari

Amiation/Insttution S

GIRS Iran

‘Wt would you lik to accompiish with Earth Engine?

Satellite Image Processing for Educational Purpose

ol &l JES ol yo plicad gl ¥ eledlbl eud - JSa



&ﬂ\
)b eyl @ ) sloylgale soslas il (sjlne 550 Vo
=/

(dxo paly) sl &)l LS dlols 51 oolasnl wlagas S (gilwJlad b ¢ ugm
(Y JSe) wusS SIS submit im)f <9

Earth Engine may only be used for development, research, or educational purposes. It may not be used for
sustained commercial purposes, but may be evaluated in a production environment.

| agree that my use of the Earth Engine services and related APIs is subject to my compliance with
the applicable Terms of Service

| am interested in learning more about commercial use of Earth Engine. Please email me with more
information
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THANK YOU

We're glad you're interested.

Keep an eye on your inbox. We'll let you know when you're good to go.

KEEP EXPLORING L0G ouT
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Welcome to Google Earth Engine! inbox x

Google Earth Engine <earthengine-noreply@google.com=
tome -

Welcome to Earth Engine!

Greetings, Earth Engine Developer, and welcome! You now have access to:

« The Earth Engine Code Editor - the primary Earth Engine development environment.
« The Earth Engine API - including our Python library.
« The Earth Engine Explorer - a graphical user interface. No programming skills needed.

To get started with Earth Engine, we suggest you:

+ Read our Frequently Asked Questions.
« Check out our Get Started guide, tutorials, and complete documentation.
« \isit the Earth Engine developers list.

It's great to have you on board. We look forward to seeing what you can do with Earth Engine!
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(5 JKi) Qi code editor

A planetary-scale platform fer
Earth science data & analysiS
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G Sign in with Google

&

Choose an account

to continue to Earth Engine Code Editor

° Amirhossein Ahrari
amirhossein sat@gmail W

©  Use another account

To continue, Goagle will share your name, email address,
and profile picture with Earth Engine Code Editor. Before
using this app, you can review Earth Engine Code Editor's
privacy policy and terms of service.

English (United States) - Help Privacy Temms

oddb s e csls] Glswal -y S
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Earth Engine Code Editor wants
to access your Google Account

@ amirhossein sar@gmail.com
This will allow Earth Engine Code Editor toc
@  View and manage your Google Earth Engine data @
@  View and manage your Git repositories ('D

@  Manage your data and permissions in Gongle @
Claud Storage

Make sure you trust Earth Engine Code Editor

You miy be sharing sensilive info with this sile or app.
Learn about how Earth Engine Code Editor will handle your
data by reviewing its terms of service and

privacy policies. You can always see of remove cCess in
your Geogle Account

Learn about the ricks

ane m

gidolip (slosS & S8 cwyiws -A S5
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Earth Engine Code Editor X

Welcome to the Earth Engine Code Editor!

To take a tour of its features, click Next, or
hit Esc to exit.

- Left Panel
- Editor Panel
- Right Panel
- Ul Root

- Search Box

ol &yl BS ciliseo (gla s b (sl -4 S

Byxe assets g scripts. docs cglie b o coomw Jio (slaylisl next doiS 05 b

(Ve JS2) 155,80

Filter scripts

~ Owner
No accessible repositories
No accessible repositories

Mo accessible repositories

Earth Engine Code Editor > Left Panel

The upper left panel contains three tabs: Scripts, Docs, and Assets. The Scripts
tab contains example scripts and scripts you save using the Save button in the
code editor. The Docs tab contains documentation for the Earth Engine APl
functions. Toward the top of the Docs tab there’s a search box that you can use
to search for functions by name. The Assets tab contains the list of assets
you've uploaded to Earth Engine. You can use it to upload, view, and manage
your assets.

- Repo Manager

- Documentation List

- Assets Manager

g e o o Ji2 53 99290 (S aylial (Byme - Ve S
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Earth Engine Code Editor = Editor Panel

The upper center panel is the text editor. Write and edit code here and click the
Run button o execute your script. Script saving and sharing are also available
here. Imports appear at the top of the editor. Create dataset imports by clicking
on import buttons. Create geometry imports by using the Geometry Editor tools.

- Get Link Button
- Save Button

- Run Button

- Reset Bution

- Button

- Settings Button

0313 Ginles canly croms Jio cduiS SIS next (g, (R Shedls o ol )3 098 o0
)9 oJ..wPlDu‘ ut.u.obm 5.9:.3., J.olﬁ U““"l"’" L5|)" C,u»b Cown J..g (WY Jg.w) dgiy g0

Earth Engine Code Editor > Right Panel

The upper right panel contains the Inspector, Console, and Tasks tabs. Use the Inspector [LECE) Tasks

Inspector to examine coordinates, pixel values, and layer information from any Use print(...) to write to this
point on the map. The Console holds output from print() calls, charts, and consoles

errors. Long-running tasks are managed in the Tasks tab.

- Inspector
- Console
- Tasks

S (S cusl) o Ji syl (Byme 1Y JS2
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Earth Engine Code Editor - Ul Root

At the bottomn is the map where your imagery analysis results are displayed. The
pulldown in the upper right comner of the map lets you manage your image
layers’ visualization properties. The upper lefl provides a geometries editor you
can use to draw points, lines, and polygons. You can manipulate the map with
the Map object, and with the User Interface APl under the ui . * namespace you
can further customize this portion of the screen.

Previous

™9 MW WazHinGT

el el B8 (SIS dsds - S

COF JSKi) 29 0313 ules search box jiso b usS SIS next duS 69))%73'\?“’
ly eyl &yl B8 30 aalllas 3y50 (3blio g ool gleil wuslgs oo cuomd (ol 5l o0lazwl b

Search places and datasets... A

Earth Engine Code Editor > Search Box

At the top is the dataset search box. Search here for locations, image datasets
available through Earth Engine, on vector datasets available from Fusion Tables.
You can import the data directly into your script.

o) el RS sz i V¥ S

G 6lS oo b olsl anld b s SIS done aS (gg) ccolys o
Ay b A wgiaS

S5
slotaly olid 4 e axlge JSte b ezl &l JS65 dlols po plicad (4l 5]
S Axxlye oy (SLas 53 anld (ol

WWW.girs.ir /gee -book



&ﬂ\
)b eyl @ ) loylgnle yoglas 5l (3lxa 350 ¥
=/

sl e copie sl cuwl oY (ngiaS iso o)l b i b (pLslil
o2l 50 &S olaaS plos . sluw seripts jisw o (repository ) 35w Ko (uS 4 bgsye
Ales o I5a5ce (e 3l g 9 98d 0 (Ghwopdd Comd ol H0 oy o wilolus
iS5l g SIS new AuiS ¢, seripts Sy 53 yolate o L AS dxnlye ol 4
(00 JSi) auS ol |y repository <o i3 b

Google Earth Engine

2

~ Owner

Repository
No accessible repositories.
~ Writer Folder
No accessible repositories. File
~ Reader
No accessible repositories.
~ Examples

> o i 5 3 Sl V0 S

4SS
oy S yjoe 50 gl o 2l ) [S5850 a5 oS & bgyye sl 6 plos
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oo Leus gmail colSTlaw] a8 04 o0 3Lnew repository pb 4y (Ko g8 doiuo ¢ pans
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304 plodls )5 girs Iy (y35ce sl g0 cAiged (gl . duiS SIS create 4uiS (ggy g pnnd

create 4uiS (65,13 )90 y35e  oled (S S S (sl Yl L cunl sumline VS S
e dlzulseripts jiso ;o girs ¢lgie b g3t b uss SIS

New repository

Git repositories created through this dialog can
be shared with other users.

Changes pushed to this repository by other tools
will be reflected in the Code Editor.

The repository names must be unigue and
cannot be changed later.

users/amirhoss3inahrari/ girs

o cdbo V8 S
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Go gle Earth Engine Search places and datasets
o

~ Owner (1)

Repository
» users/amirhoss3inahrari/girs
~ Writer Fol@
No accessible repositories. File
~ Reader
No accessible repositories.
~ Examples

O 5D Adgy el -3V S

51y0 p9d Jad calio a4 a3l a8 LBl 095 Jlas 350 dligy oL ¢ s
. (\A‘_}i.\i;)a,g)lv'\QLandsatl)m% Pbcw‘w}:.:‘u)‘df;).) wudbo)g)awyés

Create folder

Path
Enter a name or path for the folder:

users/amirhoss3inahrari/girs | Landsat|

o live Landsat ¢lgis b 1) girs 35w 40 oddad ko j“’%’ Wlgi e cal>yo ol )
L0 JSs) asS

L0 ) Docs Assets

~ Owner (1)
~ users/amirhoss3inahrari/girs
» Langsat
~ Writer
No accessible repositories.
~ Reader
No accessible repositories.

girs ¢35 yd landsat sdisdis b ddgy 38 JSb
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Satellite Imagery Your Algorithms Real World Applications
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Google Earth Engine

B ooes pass ——— Phowsem |
=

~ Owner (1)

Repository
~ users/amirhoss3inahrari/girs
» Landsat Folder
This folder is empty. Fil
~ Writer %U
No accessible repositories.
~ Reader

oS ST (gl b S5 sl S

Y JS0) 3458 3 5 0,50 6

Create file

Path
Enter a name or path for the file:

users/amirhoss3inahrari/girs | 1_GEE_Tutorial ‘

Description

L
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Google Earth Engine

Scripts ot

~ Owner (1)
~ users/amirhoss3inahrari/girs
~ Landsat
& 1_GEE_Tutorial
~ Writer
No accessible repositories.
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1S sl |y draw a rectangle 4058 g palai ¢5lie3 s (9 |y Al CuaBgo ¢ o

.(&Jixb)

i L

ozl eyl 898 A 13 0098 (b iyl - 0 JS

S (gyobo s A0S pannyd auyo b Jubatns (S a0 (568 (L e ll ol 3l oolasl b Yls
(5 JS) a1y )y e

P S
o -

;‘1ﬁ i

AL iso jo geometry pU b (gpuise cdnlllas yg0 ddlate (368l sy 31

Landsat/1_GEE_Tutorial GetLink | | 2R B R
~ Imports (1 entry) B
' var geometry: Polygon, 4 vertices

1

dnlllan 3590 dilaio gly geometry yuiso -V S

ASS
ly ool (lawg Joo YL < o) save dujS 51 ool Llezs oS Yl § a3 e
Syl bl o ool gl 568 bauxe 4o 1aaS plod o] a8 0S 0053
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225 4255 - oaiS 0 38T by Jo J515 1y (uwrgaS canlllan 390 dilate puend )| o
auisgs code editor dsins 3l lawg Ju 315 conds 0315 bjgel (clasS den a5 wusl

dilaze Cpabyn b doxin il A8 Cpmbge 15 2,8 TU b ya b 4T (gl 398 o
J31o 1y yeuwd ol Vs o9 o eolawl center object jgiws 3l (il guaie dxlllas 390
dyg0 dilaie b g ooliiwl yaiwd ol 5108 2 clawl yo conl gy 0uS ol lawg Jo
b odnliv B oo o adlas
Map.centerObject (geometry);

L b e ol g8y gl 1 o0 e St b oS (g 50 0lpylS 31 (gylmn
S5 5 Shi s ol 10,8 €8 laygind (uiigs > )0 By 0092 S5 9 S
()3 ) bsygind aSol (gl S 42559550 00 038 slaele 5 So pa 092
zusno S 15 0 solazw! ctrl+ shift o,Slas 51 by oyl Cobs o sl oo causS Cols
590230 59 Sl By cxyite ol e gl 53 403 iolas L (gl 1513 350 5520
ol 25l &l B8 mg5aS pBin ol slallas

&10ylanle woliad Jlgdl,d (Y
51 costs bl dilate (gl A candd (cloylgle pslas 5l dsgazs s (Slesld (glys
Sledlyd ol yomwd ol a8 wuisl dnild ds g3 . 048 0 solaiwl image collection jgiwd
950 )5 & (Sloj (g glas
var landsat = ee.ImageCollection( ‘LANDSAT/LCO8/C0O1/T1_SR’)
.filterBounds (geometry)

.filterDate( “2018-08-01°,°2018-10-01");

ST
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D9 g0 [y Print g 98 jaseie (Sl g (Sloj 5L
print(landsat);

i yTun s 5 0 opssave S L ot 4 oSl ¥ e ]
Uioles console isu )0 culy cuows i 30 ccuomd (0l B8 doss S glpa 51 e
1o Sog b 295 WV ygwd ol (sl b &S bl sl do g5 (A JSib) 2900 031
IRV PES I IR I TP

el Console (REE

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

» ImageCollection LANDSAT/LC@8/C@1/T1_SR (12 elements) 150N

Candid ol L5)§¢uﬂa3|2}¢>Lu=3)35y4=3 VWY -A L}S;ﬁ

5 Sopn 60 sl g gyl dfeature iso ;o S 5U 1y sdis  Sledlyd glas &b 3

|y sogeas o il o yuglias (63 T3l oolananl b (1 JS) 25 g0 001 ilos ogluas

293 Ko Sledld (sl o5 il ansly da g S Slesl)8 0 els )b e sl

ygwd 3l b ee.TmageCollection jgiws (gl d codalive JoB sl g5 (ol yolwl o uslg
g o0laiwl ee. Image

BTG Console [l

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

~ImageCollection LANDSAT/LC08/C81/T1_SR (12 elements) JSON

type: ImageCollection
id: LANDSAT/LC®8/C01/T1_SR
version: 1587200907455173
bands: []
- features: List (12 elements)
»@: Image LANDSAT/LC@8/C@1/T1_SR/LCO8_164035_20180813 (12 band.
»1: Image LANDSAT/LC@8/C@1/T1_SR/LCO8_164035_20180829 (12 band.
+2: Image LANDSAT/LC@O8/C01/T1_SR/LCO8_164035_20180914 (12 band.
»3: Image LANDSAT/LC@8/C01/T1_SR/LCO8_164035_2018093@ (12 band.
+4: Image LANDSAT/LC@8/C@1/T1_SR/LCO8_164036_20180813 (12 band.
»5: Image LANDSAT/LC@®8/C@1/T1_SR/LCO8_164036_20180829 (12 band.
r6: Image LANDSAT/LCO8/C@1/T1_SR/LCO8_164036_20180914 (12 band.

o lyd 1y ymslial causytd -4 S
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Get Link vl Save v. Run vlm B3 B

- Imports (1 entry) B
» var geometry: Polygon, 4 vertices [ [
Map.centerObject{geometry);

var landsat = ee.ImageCollection('LANDSAT/LCO8/CO1/T1_SR')
.filterBounds(geometry)
.filterDate('2018-08-01', '2018-10-01');

00N oUW N

print(landsat);

Mgd&g)boﬁmyﬂﬁw—\ogj&ﬁ

2ly gas So (Slgah sl i Lil glas (gpw Sledhd gy b (L8 dlspe )
124 oo 00latwlimage jgiws 3l

var landsat = ee.Image( ‘LANDSAT/LCO8/C0O1/T1_SR/LCO8 164035 20180914°);

295 035 oy (F
clip ygw 31 geometry pb b odis cinyas 565 (L &Y wlwl o poguad 0305 oy sy
..\.,..5 ool

var clip = landsat.clip(geometry);

29 pled (O
33,8 oo dblio] uS s add layer ygiusd cdnlllas 3yg0 dilate LIS WL a3 ioled (slys ¢ yueanw
Map.addLayer(clip,{bands : [‘B5’,’B4’,’B3’]});
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{ = .| Layer 1 visualization parameters Layers
o ]

& ” 1 band (Grayscale) @ 3 bands (RGB) b
Wy 85~ B4~ B3 - >

# 10265 - 41265 | Swetch:90%

et S
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Al D9 IS Wb Syl prguad VY S
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var ms = clip.select(“B[2-7]").multiply(8.0001);
var tir = clip.select(‘B10’).multiply(@.1)
var stack = ee.Image.cat([ms,tir]);

print(stack);
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-~ Image LANDSAT/LC@8/C01,/T1_SR/LCO8_165039_20180820 (7 bands) JSON
type: Image
id: LANDSAT/LCB8/C@1/T1 SR/LCBS 165839 20180820
version: 1535876436174141
»bands: List (7 elements)
rproperties: Object (24 properties)
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1S eolaswl export image to drive ygiws 31 ¢ o]
Export.image.toDrive({
image : stack,
description : €‘landsat8-stack’,
scale : 30,
region : geometry,
maxPixels : 1e9 });
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- Imports (1 entry) B
» var geometry: Polygon, 4 vertices

Map.centerObject(geometry);

1

2

3 var landsat = ee.ImageCollection('LANDSAT/LC@8/C@1/T1_SR')
4 .filterBounds(geometry)

5 .filterDate('2018-08-01','2018-10-01"'});

6
7
8

print(landsat);
9
18 var landsat = ee.Image('LANDSAT/LC@8/C@1/T1 SR/LCO8_165039_20180820');
11
12 print(landsat);
13
14 wvar clip = landsat.clip(geometry);
15
16 Map.addLayer(clip,{bands : ['B5','B4','B3']});
17

18 var ms = clip.select('B[2-7]"');
19 wvar tir = clip.select('Bl@');
20 var stack = ee.Image.cat([ms,tirl);

21

22 print(stack);

23

24 - Export.image.toDrive({
25 image : stack,

26 description : 'landsatB8-stack',
27 scale : 3@,

28 region : geometry,
29 maxPixels : led

30 });
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Task: Initiate image export

Task name (no spaces) *

landsatB8-stack

Resolution *

Scale (m/px) ~ 30

® Drive Cloud Storage EE Asset

Drrive folder

Filename *

landsat8-stack

29> yal wlasule V8 JS5

youl5 o)y dyconsole yusw 10 aseis (5yl8)L & bgyye yaso aun aniS 305 5] e
A o) 09 0 0010 jioles OTLssLo)'

| M landsat8-stack E
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M landsat8-stack v 43s

52150 568 50 (o3lwopd 3 wilyd (bl -VA S

sl S I |y 0 (S ageas g anlye solyd S5 & sl oY alsye ol 5
S el 5 L85 gl 3l 52> JS65 4 999
www.drive.Google.com /drive /my -drive
A0S 35l 1y o] 5 S, stack —landsat A ygas (g5 <galyd JS65 4 959 51 ym
(Yeg)dA Lgl.m‘_)gxb)



L5)|)>| W)t"‘

L Drive

Q_  Searchin Drive

My Drive o & @ 1
l- New
Files Name
» My Drive
2, shared withme hh :
@ Recent e ‘ Lo,
°
Yy  Starred
M Trash
2=  Storage
- BB Getting started M landsat8-stack.tif
752.9 MB of 15 GB used
Buy storage
2 Z . .+ 5
) s S
94‘).) JS,f)a 040y D Al -4 JS.“:
o~ 3 e
L Drive Q_ Searchin Drive % @
My Drive o &4 ©
l- New
Files Name iy
» [B]  MyoDrive

2, shared with me
(©  Recent

Yy  Starred

M Trash

&=  Storage

752.9 MB of 15 GB used

Buy storage

°

—3

B0 Getting started

M landsat8-stackt

N UNE

R mNCNC)

S

Preview

Open with >

Share
Get shareable link

Add shortcut to Drive @
Move to

Add to Starred

Rename

View details
Manage versions
Make a copy
Report abuse

Download

Remove

521y S5 35 ol 04uB 3 yguas dglils - Yo JSi

3l STIF caod b gzl )l 865 50 a8 8 50 sla sty plod gl
sloylidleys plos yo ol a5l 51 Jols @l den oyglato ypen 4 39,5 0
dors Jlto gl 1)1 Sl 113 il ¢ pldlian ledbl w5 )90 51 Jhmias
envi,erdas ,geomatica,arcgis Jislo bayliale s elgil yo ¢ jisw ol (o3lo 5l Jols
W] B WE S P P g B




&ﬂ\
)b eyl @ ) lolgale yaslas 23ly (giloxe 50 ¥
=/

odld (sgocums (A
&yl B wlolus y5 il gl 51 S o Sles 18 (cly aly wilyses &S 500 50
@ baspe @yle search coowd ;o slys o «dgi o3kl b (65l o)ltwa ool
Cavdid (glaodly glgil (cly o wledlol ¢ oy 2l b L (VY JSi) WS ol ] landsat 8
landsat 8 “

USGS Landsat 8 Collection 1 Tier 1 and Real-Time data OLI Raw Scenes
USGS Landsat 8 Collection 1 Tier 1 and Real-Time data Raw Scenes
USGS Landsat 8 Collection 1 Tier 1 OLI Raw Scenes

USGS Landsat 8 Collection 1 Tier 1 Raw Scenes

USGS Landsat 8 Collection 1 Tier 2 OLI Raw Scenes

USGS Landsat 8 Collection 1 Tier 2 Raw Scenes

USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance

USGS Landsat 8 Collection 1 Tier 1 and Real-Time data TOA Reflectance
more »
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USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance e
. e
1 DESCRIPTION BANDS IMAGE PROPERTIES

=
Landsat 8 Collection 1 Tier 1 calibrated top-of-atmosphere (TOA) reflectance.
Calibration coefficients are extracted from the image metadata. See Chander et al.
(2009) for details on the TOA computation.

Dataset Availability
- Present

Dataset Provider
USGS/Google
Collection Snippet I

ee. ImageCol lection ("LANDSAT/LC88/
€01/T1_TOA")

Tags
global  foa  landsat  usgs
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Image Upload

GeoTIFF (.tif, .tiff) or TFRecord (.tfrecord + .json)
Table Upload

Shape files (.shp, .shx, .dbf, .prj, or .zip)

CSV file {.csv)

Image collection

Folder

(535553 & il ¥ S

<
g shapefile cuw,d & J.“:L:’Lo.b eyl El S8 40 o Slgdlyd (6y93Ss (slaay
ol sl o)
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B

~ users/amirhoss3inahrari
inmazandaran
intehran

Ol b s IS - Y0 IS

\-\AJ\S ‘_S*lftehran J.:LQ u.w.: 9y PRLY J.>|.) W] Lg)‘.).f)la 6)9159 i;y Ls;‘sb-‘)ﬁ Lgb)
(YF i) doip Iy import duiS cda

Table: tehran

[ o e ——
's—\ﬁ;, R =
N ECECY {J

a&,

&

e e

Tableld )

DESCRIPTION FEATURES

No description

users/amirhoss3inahrari/tehran

Date
Start date: [NA
End date: 1A

File Size 7.42KB

Number of Features 1

Last modified 2018-12-31 06:56:14 UTC

PROPERTIES B Edit

IMPORT DELETE SHARE CLOSE
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1_GEE_Tutorial * Get Link vl Save 1 Run vI Reset vl Apps
* Imports (1 entry) B
» var table: Table users/amirhoss3inahrari/tehran

4533 6989 ol o 3ylg VY IS

5 il s (s3lwolas (gl NDBI Laslis duwlxe be Gus jiso ol )0 canl axaS
(o 3 Glate )l il 83505xe o JSoS s cuaBge aSST gl . Camlmods s ;S50
:33,8 co 03litul 103 (glaygrwd 31 edgi 001> jioles
Map.centerObject(table);

Map.addLayer(table);

S1oylgale yalas Sleald (¥
R Sl ) bl Jad )3 39290 pagas 25yl 95 25 38 5l 0oliswl b cdy al>po 5

1S Agi oleg
var landsat = ee.ImageCollection( ‘LANDSAT/LCO8/C0O1/T1’)
.filterBounds (table)
.filterDate( 2018-07-01",°2018-10-01")
.median();
sloylgalo jglad oy (¥

wolas plesimage collection jguwd jl oolitwl b cdgis 0 0050 pi YU 0S )5 aS job sl
comps 5 SlshE YA Jls ol Juab g axlllas 090 dilaie (gl cussd cloylgale
D380 g pl g 5 Aoy pgal o 5 Al (JuSig 2 50) josbas plas dile
03y55 iyt ot bl (6555 4Y ol s oo yrguaclip 20 51 o3litas] b « s
129 o0 0310 yislesadd layer jguw 3l eolawl b

var clip = landsat.clip(table);

Map.addLayer(clip, {bands : [‘B5’,’B4’,°B3’]});
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var ndbi = clip.normalizedDifference([‘B2’,°B10°]);
Map.addLayer(ndbi);

e

sl i (gloloys Aoles sl
normalization equation = (A - B) / (A + B)

normalized difference built-up index = (B1 - B1@) / (Bl + B19)
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Export.image.toDrive({
image : ndbi,
description : ‘landsat8_ndbi’,
scale : 30,
region : table,
maxPixels : 1e9}),
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31 Export.
32 Export.image(imag k , P ) Export.image.toDrive(image, description, folder, fileNamePrefix,
. . _— - . dimensions, region, scale, crs, crsTransform, maxPixels, shardSize,
dinaPol ' ) s CFS, A s s
Export.image.toAsset(image, description, assetld, py olicy, - | fepi ; i Tiles, fileFormat, formatOptions)

Export.image.toCloudStorage(image, description, bucket, fileNamePr .. R
Creates a batch task to export an Image as a raster to Drive. Tasks can
NGTON Export.image.toDrive(image, description, folder, fileNamePrefix, dime.. . . ) - .
e - wna be started from the Tasks tab. "crsTransform’, "scale”, and "dimensions

SOUTH WISCOMNSIN are mutually exclusive.
YAKOTA . .\ Toronto
MICHIGAN a
OMINE a3 NE
Chicago Arguments:
NEBRASKA

United States

ILORADD

. image (Image):

The image to export.
an Frgn cisco

N - description (String, optional):

LIFORA A human-readable name of the task. Defaults to

OLas Vegas OKLAHOMA ENMNESSE
Los Angeles ARIZONA , . "
Ang ARIZONA \ w ©2 50 W SOUTH myExportimageTask
San Diego B | EEEaa Dagas MISSISSIRE AROLINA
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var landsat = ee.ImageCollection( ‘LANDSAT/LC@8/C0O1/T1_SR’)
.filterBounds (geometry)
.filterDate(“2018-08-01°,°2018-09-01")
.median()

.clip(geometry);
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var ndvil = landsat.normalizedDifference([‘B5°,’B4’]);

var ndvi2 = landsat.expression(
“(NIR - RED) / (NIR + RED)’, {
‘RED’ : landsat.select(‘B4’),

“NIR” : landsat.select(‘B5’)});

var ndvi3 = landsat.select(‘B5’).subtract(landsat.select(B4’))

.divide(landsat.select(‘B5’).add(landsat.select(‘B4’)));
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Aol (ot ls Ity K5y wluSys glel cadd layer jguws yo palette (iso 5l oo lawl
o 9 333 e s S5y A caSy3 b ol dunslone NDVI aslis 5 08 30 . auiS ol o
ol ol 031> yisles

Map.addLayer(ndvi2, {palette : [‘white’,’yellow’,’green’]});
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[ Geometry Imports
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+ new layer
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Map.centerObject(geometry);
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// landsat data
var landsat = ee.ImageCollection.load( ‘LANDSAT/LCO8/CO1/T1_SR’)
.filterBounds (geometry)
.filterDate(2017-01-01°,°2018-01-01")
.filter(ee.Filter.equals( ‘WRS_PATH’,164))

.filter(ee.Filter.equals( “WRS_ROW’,35));
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print(landsat);

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

» ImageCollection LANDSAT/LCO8/CO1/T1_SR (21 elements) JSON

o g3 3 yglay oluas - Y5 JSCs

st (s L duloxs (Y
dy90 ddlate plwl ¢ o § dloee NDVI jasls (pgas YV ol pled (gl b Yl
ozl ples sl ) lslone a5 35 atdigs (ol Bb slate (39 035 iy aslllae

S (Gilusoydd pite S5 50 ) o At g plocil (o jus ity yobody gl
var ndvi = landsat.map(function(img){
var index = img.normalizedDifference([‘B5’,’B4°]);
var clip = index.clip(geometry);
var id = img.id();

return clip.rename(id);});
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var stack = ndvi.toBands();
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print(stack);

|}t Console

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

» ImageCollection LANDSAT/LCO8/C@1/T1_SR (21 elements) JSON

»Image (21 bands) JSON
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Export.image.toDrive({

image : stack,

description : ‘ndvi-stack’,

scale : 30,

region : geometry,

maxPixels : 1e9});
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var landsat = ee.ImageCollection(‘LANDSAT/LCO8/CO1/T1_SR’)
.filterBounds (geometry)
.filterDate(2017-01-01°,°2018-01-01")

.filter(ee.Filter.lessThan(“CLOUD_COVER’,45));
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var ndvi = landsat.map(function(img){

var bands

img.multiply(0.0001);
var index = bands.normalizedDifference([“B5’,’B4’]);
return index

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(
ndvi, geometry, ee.Reducer.mean(),30,’system:time_start’);
print(chart);
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system:time_start ndvi
Jan 11, 2017 0.211
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Sep 8, 2017 0.114
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Map.centerObject(geometry2);

var landsat = ee.ImageCollection( ‘LANDSAT/LC@8/CO1/T1_SR’)

.filterBounds (geometry2)
.filterDate(€2017-01-01’,°2018-01-01")

.filter(ee.Filter.lessThan(“CLOUD_COVER’,10));

var ndvi = landsat.map(function(img){
var bands = img.multiply(0.0001);
var index = bands.normalizedDifference([‘B5’,’B4’]);

return index.rename( ‘NDVI’)

.copyProperties(img, [ “system:time_start’,’system:time_end’]); });

var chart = ui.Chart.image.series(

ndvi, geometry2, ee.Reducer.mean(),30,’system:time_start’ );

print(chart);
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var regions = ee.FeatureCollection([
ee.Feature(ee.Geometry(geometry),{label : ‘crop’ }),
ee.Feature(ee.Geometry(geometry2),{label : ‘orchard’})]);
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var plot = ui.Chart.image.seriesByRegion(
ndvi,regions,ee.Reducer.mean(),’NDVI’,30,’system:time_start’,’label’);
print(plot)
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var landsat = ee.ImageCollection( ‘LANDSAT/LCO8/CO1/T1_SR’)

.filterBounds (geometry)

.filterDate( ‘2018-01-01’,°2019-01-01")

.filter(ee.Filter.lessThan( ‘CLOUD_COVER’,10))

.map(function(img){

var bands = img.multiply(0.0001);

var id = img.id();

var evi = bands.expression(
€2.5 * ( (NIR-RED) / (NIR + 6.5%RED - 7.5*BLUE +1) )’,{
‘RED’ : bands.select(‘B4’),

‘NIR’ : bands.select(‘B5’),
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‘BLUE’ : bands.select(‘B2’)} );

var lai = evi.expression(
‘3.618 * EVI - 0.118°,
‘EVI’ : evi });

return lai.rename(id); });
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var landsat = ee.ImageCollection( ‘LANDSAT/LCO8/C0O1/T1_SR’)
.filterBounds (geometry)
.filterDate(‘2018-08-01’,°2018-09-01")
.median()

.clip(geometry);
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Map.addLayer(landsat, {bands:[ *B5’,°B4’,’B3’]});
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Configure geometry import

Name Color

land E #fcf537

Import as P
FeatureCollection v

Properties

landcover 1

+ Add property
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Configure geometry import X

Name Color

water . #06a3ff

Import as 4
FeatureCollection v

Properties

landcover 2

+ Add property
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var training_data = vegetation.merge(land).merge(water);
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var bands = [‘B2’,’B3’,°B4’,’B5°,’B6’,’B7°,°B10’ ];

var training = landsat.select(bands).sampleRegions({
collection : training data,
properties : [ “landcover’],

scale : 30});
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print(training);
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~FeatureCollection (98 elements, @ columns) JSON

type: FeatureCollection
columns: Object (@ properties)
- features: List (90 elements)
*@: Feature 1.1 0.8
type: Feature
id: 1.1 6 @
geometry: null
~properties: Object (8 properties)
B1@: 3078
B2: 437.1666666666667
B3: 858.3333333333334
B4: 765.1666666666666
B5: 4136.666666666667
B6: 1618.3333333333333
B7: 844.1666666666666
landcover: @
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var classifier = ee.Classifier.minimumDistance().train({

features : training,

classProperty : €landcover’,

inputProperties : bands});
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var classified = landsat.select(bands).classify(classifier);
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Map.addLayer(classified,{min:@, max:2, palette :

[“green’,’yellow’,’blue’]});
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var classifier = ee.Classifier.svm().train({
features : training,
classProperty : €landcover’,

inputProperties : bands});
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print(‘confusion matrix’,classifier.confusionMatrix());

print(‘overall accuracy’,classifier.confusionMatrix().accuracy());
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Use print(...) te write to this consele.
» FeatureCollection (98 elements, @ columns) JSON

confusion matrix JSON
~[[29,1,8],(1,29,@],(0,0,30]] JSON

r@: [29,1,0]

r1: [1,29,0]

»2: [0,0,30]

overal accuracy JSON
0.9777777177777777
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Map.centerObject(table);

Map.addLayer(table);
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var forest = ee.ImageCollection( ‘GLCF/GLS_TCC’)
.filterBounds(table)
.filterDate( €2010-01-01",°2011-01-01")
.select(‘tree_canopy_cover’)
.mosaic()

.clip(table);
Map.addLayer(forest);
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var forest = ee.ImageCollection( ‘GLCF/GLS_TCC’)
.filterBounds(table)
.filterDate( €2010-01-01",°2011-01-01")
.mosaic()
.clip(table);

Map.addLayer(forest);
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Layer 2 visualization parameters

@ 1band (Grayscale) 3 bands (RGB) . v Layer2
tree_canopy_cover - [ ~ Layer 1
Range
- Custom -
Opacity ® Gamma Palette

1.00 1.00
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| Layer 2 visualization parameters
@ 1band (Grayscale) 3 bands (RGB)
uncertainty
Range
17.4800 - 22755 Stretch:90% ~

® Gamma Palette
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Map.centerObject (geometry);
var mangrov = ee.ImageCollection(‘LANDSAT/MANGROVE FORESTS’)

.filterBounds (geometry);
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var clip = mangrov.toBands().clip(geometry);
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Map.addLayer(clip,{palette : [‘red’]});
ol 000315 (L2 50,3 S5, b (el gine 53) )55l sl K cannbge 50 JSiy

bl @gi 59 9Kk sla S 5l s -7 JS

gg?g SO )‘J&.o RS- & 9).Q.4> Cygody 9)§uLo g,S‘J”_’ BM@I?‘).‘) )_99[@_’
Aoya el 53 b5loslwlis 5,85l (sla JSin bl yo 45 canl _iblio baimsylis

B8 (25 sl e ol jsal (LB glag oy oS oy, 5l eolinsl b a5l oo Lot
L3S 3glI b ayus 3 065 5Ly o Iy byl e golis 5

LrﬁjgéiAS(a
oS sl LB « 8_landsat_mangrove pU L ool &)l J§9§ oS 3l ymso ol oS
e i anlge lad b wwgidS aolyd 3l s 12,0 &S g 50 . Cawl 60 desens



S o sl slolgnlo yaglas (2315 (silne sise A

HOUS og)d doxbo A5
http://girs.ir /product /google —earth —engine -book

L S il gt S 159,

4 gyt ooy b e 2195 Jaz 5 (ol JSi> £ 990 50 oSl ] B cals o 1ol 5
s (65luny ST S350 st L] is (lbainy hyesis g5k, Kl cSlg)s
0 305 1y bl 1l e a3 cast) loylsal (slmosls 5l 4 in sla iy
Yooo glals Sloj o3l g o Vo 156 S5 0l b1y o puolpos (sl JSin cilypnis
31 sl 005 & Kool )5 5 azeil b ool 45 olog ) St a8 bl YoV
Cundd (gyio Yo greSTagy 30 ¢ Jdo ped 4 tins wld bl poxs g Conng ylas
ly S cpl « IS Hsbd - cuny parsis LB olas (Ole! Gl ible gz
0,8 eolazwl ¢l 5l les blie 500 (sl ilgi oo Lol e0ylas i 0,8 0!

axllae 3,40 dilaio ! ()

abale gliwl g el 3 058 e |y adlllas 350 dilate g Slomyl o S
19 695555 A NG gy 51 00lizol L . sl 0> sl dalllae 3,90 &ilate lpic
Slshd ) aalllae )90 dalaie Lo cas oylil o 4 (B slag ybo 5 &8 ol &)l S8
S )y 9 J3 1o 1y )l ages 5

Sloylgale y2glias Silgil,8 (¥
a5 2Ll b S il e i) B> i S99 Slg 18 ooy b (bl sl
2538l oaoylil gt 1o b (sl ¢ g 48 Lol plhasle il 55355 4

sdoles oolaswl
var forest = ee.Image(‘UMD/hansen/global_forest_ change 2017 v1_5°)
.select( “treecover2000’,’loss’,’gain’)

.clip(table);
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Map.addLayer(forest,{bands : [“treecover2000’,’loss’,’gain’]});
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var urban = ee.Image( ‘JRC/GHSL/P2016/BUILT_LDSMT_GLOBE_V1’)
.select(‘built’)
.clip(table);
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Map.addLayer(urban,{min: 1, max: 6,

palette: [‘blue’,’white’,’yellow’,’green’,’orange’,’red’]});
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var water = ee.ImageCollection(“JRC/GSW1_8/YearlyHistory’)
.filterBounds (table)

.filterDate(“2014-01-01°,°2015-01-01");
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var water = water.toBands();
var water = water.clip(table);
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Map.addLayer(water, {min:0, max:3,palette: [’black’,’white’,’blue’,’green’]});
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Layer 2 visualization parameters

® 1band (Grayscale) 3 bands (RGB)
30_waterClass v
Range
0 - 3 Custom ~
Opacity Gamma (@) Palette
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Layers

Layer 2 visualization parameters

® 1 band (Grayscale) 3 bands (RGB) v Layer2
30_waterClass - ~ Layer1
Range
0 =13 Custom ~
Opacity Gamma @ Palette
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Map.centerObject (table);

Map.addLayer(table);
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var landsat = ee.ImageCollection( ‘LANDSAT/LCO8/C0O1/T1_SR’)
.filterBounds(table)

.filterDate(€2017-01-01’,°2018-01-01")
.filter(ee.Filter.lessThan( ‘CLOUD_COVER’,5))

.median()

.select(‘B[2-7]°)

.clip(gilan);

// first NDVI

var ndvil = ee.ImageCollection( ‘LANDSAT/LCO8/CO1/T1_SR’)
.filterBounds (table)
.filterDate(€2017-01-01",°2017-05-01");

var ndvil = ndvil.map(function(img){

return img.normalizedDifference([“B5°,°B4”]); });

var ndvil = ndvil.max().clip(table);

// second NDVI

var ndvi2 = ee.ImageCollection( ‘LANDSAT/LCO8/CO1/T1_SR’)
.filterBounds(table)
.filterDate(2017-05-01°,°2017-09-01");

var ndvi2 = ndvi2.map(function(img){

return img.normalizedDifference([“B5°,’B4°]); });
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var ndvi2 = ndvi2.max().clip(table);

// third NDVI

var ndvi3 = ee.ImageCollection( ‘LANDSAT/LC@8/CO1/T1 SR’)
.filterBounds(table)
.filterDate(“2017-09-01",°2018-01-01");

var ndvi3 = ndvi3.map(function(img){

return img.normalizedDifference([“B5’,’B4°]); 1});

var ndvi3 = ndvi3.max().clip(table);

// ndvi stack

var ndvi = ee.Image.cat([ndvil,ndvi2,ndvi3]);
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// landsat water
var landwater = ee.ImageCollection( ‘GLCF/GLS_WATER’)
.mosaic()
.clip(table)

.eq(2.9);

// landsat canopy cover

var landveg = ee.ImageCollection(‘GLCF/GLS_TCC’)
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.filterBounds (table)

.filterDate( “2000-01-01°,°2001-01-01")
.select(‘tree_canopy_cover”’)
.mosaic()

.clip(table);

// landsat urban

var landurban = ee.Image(“JRC/GHSL/P2016/BUILT_LDSMT_GLOBE_V1”)
.clip(table)

.select(‘built’)

.gt(2.9);
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// alos dsm
var dsm = ee.Image(“JAXA/ALOS/AW3D30_V1_1*)
.clip(gilan)

.select(‘AVE’);

// products stacking
var prostack = landsat.addBands(ndvi) .addBands (landwater) .addBands (landurban)

.addBands(landveg) .addBands(dsm);
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// sampling
var training_data = urban.merge(water).merge(bareland).merge(crop).

merge(forest)
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.merge(rangeland);
print(training_data);

// first clusters

var training = prostack.sampleRegions({
collection: training_data,

properties: [“landuse’],

scale:30 });
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// classifier
var classifier = ee.Classifier.svm().train({
features: training,

classProperty: €¢landuse’});

// classification

var classified = prostack.classify(classifier);

Map.addLayer(classified,{min:@, max:5,

palette: [ ‘#000000° ,’ #1224ff’ , > #fcf521° ,° #4cFf12’,’#10b515° , ’ #Ffbb24’ 1})
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landsat 8 reflectance toa n

RASTERS

USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance

USGS Landsat 8 Collection 1 Tier 1 and Real-Time data TOA Reflectance
USGS Landsat 8 Collection 1 Tier 2 TOA Reflectance

USGS Landsat 7 Collection 1 Tier 1 TOA Reflectance

USGS Landsat 7 Collection 1 Tier 1 and Real-Time data TOA Reflectance
USGS Landsat 7 Collection 1 Tier 2 TOA Reflectance

USGS Landsat 4 TM Collection 1 Tier 1 TOA Reflectance

USGS Landsat 4 TM Collection 1 Tier 2 TOA Reflectance

more »
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USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance 2

DESCRIPTION BANDS IMAGE PROPERTIES

Landsat 8 Ci 1 Tier1 top-of- here (TOA) refl
Cali

ients are d from the image metadata. See Chander et al
(2009) for details on the TOA computation.

S B
Dataset Availability
-Present

Dataset Provider
USGS/Google
Collection Snippet I[)

ee.ImageCollection("LANDSAT/LC@8/
C01/T1_TOA")

Tags

global toa landsat usgs

CLOSE
Casis) gloylanlo yolas cslasetn ~VV IS
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(YA o)

chapter2/pansharpening * Get Link vl Save v- Run 'l Reset ~
- Imports (2 entries) B

> var geometr{: Polygon, 4 vertices

» var imageCollection: ImageCollection "USGS Landsat 8 Collection 1 Tier 1 TOA Reflectance" (12 bands)
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var L8 = imageCollection
.filterDate(€2018-01-07°,°2018-10-01")
.filterBounds (geometry)
.filter(ee.Filter.lessThan(‘CLOUD_COVER’,10))
.median()
.clip(geometry)

.select(‘B[2-8]");
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var L8sharp = function(img,kernel){
var ms = img.select(‘B[2-7]’);
var pan = img.select(‘B8’);
var ms_mean = ms.reduce(‘mean’).rename( ‘mean’);
var mean_values = pan.addBands(ms_mean).reduceNeighborhood({
reducer : ee.Reducer.mean(),
kernel : kernel});
var gain = mean_values.select(‘mean_mean’).divide(mean_values.
select(‘B8_mean’));
var fus = ms.divide(ms_mean).multiply(pan).multiply(gain);

return fus};

ol 51 S sl 639y 99 (ghl> &S o olool L8sharp pb L s YL 45 o



)b eyl sloylgala yoslas alom (glme 5590 A

giulpg)i;b dl.a:.)..:l.: ¢ Uy L Cawl Ls)Lu.dL?bO ‘_J.:)S cd).i’g.) 9 .))‘.)).g).) |) $29)9 2l
b )] o pSleo gt 9 S 80355 51 ms g pan (gl yuito 31 solizwl b sabais g
o L,s"&“’ uL_,P Bea | cuﬁal.m)_agl.«m)‘ oo laswl L’ gLy PK}J ‘39“’@ Mbu
).) d.\.a.l.»‘_sLo‘ J9.a).9 cwl.Q‘.’)..) ")9"“’69 0dld wl.o..’galnwl.:s du.u}l.’?bo L5J9)9):>9L43
dolee 395 1 S5le b bbb ain glat s 45 )i ool 39 oo didgs fUs yuiie
).>9La.: cé.)l) U"‘ 39 09 g0 o.A.SI‘))f).g C—’b Ja.wy (fus) owd,.o.l.,)_,ya_, gl o Ly
(Slwlrs oy lod L) 555 Ao gy Lol ol 0 o S8 (639)9 ]
109 oo 00l 43 dbasl) 51 5,8 dwline (gl . s astine jgin
var kernel = ee.Kernel.square({
radius: 90,
units: ‘meters’});
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var pansharpening = L8sharp(L8,kernel);
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Map.addLayer(L8,{min:0.1,max:0.4,bands:[ “B5’,’B4’,’B3’]},’original’);
Map.addLayer(pansharpening,{min:0.1,max:0.4,bands:[ ‘B5°’,°B4’,’B3’ ]},

’sharpened’);
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Map.centerObject(geometry);
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landsat 8 surface reflectance | Q |

USGS Landsat 8 Surface Reflectance Tier 1 import »
USGS Landsat 8 Surface Reflectance Tier 2

USGS Landsat 4 Surface Reflectance Tier 1

USGS Landsat 4 Surface Reflectance Tier 2

USGS Landsat 5 Surface Reflectance Tier 1

USGS Landsat 5 Surface Reflectance Tier 2

USGS Landsat 7 Surface Reflectance Tier 1

USGS Landsat 7 Surface Reflectance Tier 2

more »
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USGS Landsat 8 Surface Reflectance Tier 1 @z

DESCRIPTION BANDS IMAGE PROPERTIES

This dataset is the herically 1 surface refl from the Landsat 8
OLI/TIRS sensors. These images contain 5 visible and near-infrared (VNIR) bands
and 2 short-wave infrared (SWIR) bands processed to orthorectified surface
reflectance, and two thermal infrared (TIR) bands processed to orthorectified
brightness temperature

These data have been atmospherically corrected using LaSRC and includes a cloud,
shadow, water and snow mask produced using CFMASK, as well as a per-pixel

Dataset Availability
- Present

saturation mask.

Dataset Provider

UsGs strips of collected data are packaged into overlapping "scenes" covering

R B approximately 170km x 183km using a standardized reference grid.
Collection Snippet [

ee.ImageCollection("LANDSAT/LCO See also the USGS page on SR QA bands.
8/C01/T1_SR")
Tags SR can only be produced for Landsat assets processed to the L1TP level

global sr reflectance
18sr cloud fmask

Data provider notes:

ofmask 108 Jandsat « Although Surface Reflectance can be processed only from the Operational

Land Imager (OLI) bands, SR requires combined OLI/Thermal Infrared Sensor

CLOSE
i loglanle gt cslasito ~AY S0

CAY ) 99 0 0000 bawg Jo (YL )5 oui Slg31)8 5515 dcgamo

chapter2/Ist Get Link vl . Run vl Reset ~

- Imports (2 entries) B

» var geometr{: Polygon, 4 vertices
» var imageCollection: ImageCollection "USGS Landsat 8 Surface Reflectance Tier 1"

8 31 & sloslaale yuglas (0,8 adlsl -AY S
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var LC8 = imageCollection
.filterBounds (geometry)
.filterDate(€2013-01-01’,°2020-01-01")
.filter(ee.Filter.eq( ‘WRS_PATH’,164))
.filter(ee.Filter.eq( ‘WRS_ROW’,35));
YoOr (olo s oilog 35 (s o praseaas A s t) (gloglnle ygluas plas YU 48,
eyt g (slod lS0g5 yobods &Sl o o ol 00 g3 lyd 5lya5 s VoV o
g Al caliseo sl sl Sloj (w0 g0
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ol 39 05 oolitul walgs 51 ol Sy (lys nes el (glod dulme (sl sl oY
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var 1st_function = LC8.map(function(img){
var ms = img.select(B[2-7]");
var clipms = ms.clip(geometry);
var ref = clipms.multiply(0.0001);

var ndvi = ref.normalizedDifference([‘B5’,’B4’]);

var lse = ndvi.expression(€1.009 + 0.047 * log(ndvi)’,{‘ndvi’:ndvi});

var emissivityl = ndvi.where(ndvi.lt(-0.185),0.995);
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var emissivity2 = emissivityl.where(ndvi.gte(-0.185).and(ndvi.1t(0.157)),0.985);
varemissivity3=emissivity2.where(ndvi.gte(0.157).and(ndvi.1lte(0.727)),1se);

var emissivity4 = emissivity3.where(ndvi.gt(0.727),0.990);

var tir = img.select(‘B10’);
var tirclip = tir.clip(geometry);

var bt = tirclip.multiply(e.1);

varlst=emissivity4. expression(“(bt)/(1+( (bt*10.895)/(14380.0) ) *log(e))’,

{‘bt’:bt,’e’:emissivity4});

var lstcel = 1lst.subtract(273.15);
return lstcel.rename(‘LST’)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });
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print(ui.Chart.image.series(
1st_function, geometry2, ee.Reducer.mean(), 30,
‘system:time_start’))
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var LC8 = imageCollection
.filterBounds (geometry)

.filterDate( €2014-01-01",°2015-01-01")
.filter(ee.Filter.eq( ‘WRS_PATH’,164))

.filter(ee.Filter.eq( “WRS_ROW’,35));

var 1lst_function = LC8.map(function(img){

var id

img.id();

var ms

img.select(“B[2-7]");
var clipms = ms.clip(geometry);

var ref = clipms.multiply(0.0001);
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var ndvi = ref.normalizedDifference([‘B5’,’B4’]);

var lse = ndvi.expression(€1.009 + 0.047 * log(ndvi)’,{“ndvi’:ndvi});
var emissivityl = ndvi.where(ndvi.lt(-0.185),0.995);

var emissivity2 = emissivityl.where(ndvi.gte(-0.185).and(ndvi.1t(0.157)),0.985);
varemissivity3=emissivity2.where(ndvi.gte(0.157).and(ndvi.1lte(0.727)),1se);

var emissivity4 = emissivity3.where(ndvi.gt(0.727),0.990);

var tir = img.select(‘B10’);
var tirclip = tir.clip(geometry);

var bt = tirclip.multiply(0.1);

varlst=emissivity4.expression(‘(bt)/(1+((bt*10.895)/(14380.9))*1log(e))’,

{‘bt’:bt,’e’ :emissivity4});

var lstcel = lst.subtract(273.15);
return lstcel.rename( ‘LST’)
.rename(id) })

.toBands();
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Export.image.toDrive({

image: 1lst_function,

description: €‘landsat_lst’,

scale: 30,

region: geometry,

maxPixels: 1el3,

crs: ‘EPSG:4326°1});
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var 1lst_function = LC8.map(function(img){

var ms = img.select(‘B[2-7]’);

var clipms = ms.clip(geometry);

var ref = clipms.multiply(0.0001);

var ndvi = ref.normalizedDifference([‘B5’,’B4°]);

var lse = ndvi.expression(€1.009 + 0.047 * log(ndvi)’,{“ndvi’:ndvi});

var emissivityl = ndvi.where(ndvi.lt(-0.185),0.995);

var emissivity2 = emissivityl.where(ndvi.gte(-0.185).and(ndvi.
1t(0.157)),0.985);

var emissivity3 = emissivity2.where(ndvi.gte(0.157).and(ndvi.
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1te(0.727)),1se);

var emissivity4 = emissivity3.where(ndvi.gt(0.727),0.990);

var tir = img.select(‘B10’);
var tirclip = tir.clip(geometry);

var bt = tirclip.multiply(0.1);

var lst = emissivity4. expression(“(bt)/( 1 + ( (bt * 10.895)/
(14380.0) ) * log(e))’,

{‘bt’:bt,’e’:emissivity4});

var lstcel = lst.subtract(273.15);
return lstcel.rename(‘LST’)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });

var lst dataset= lst function.tolList(lst_function.size());

var i;

for (i = 0; i < lst_function.size().getInfo(); i++) {
var c_dataset= ee.Image(lst dataset.get(i));

c_dataset= c_dataset.clip(geometry);

Export.image.toDrive({
image: c_dataset,
description: c_dataset.get(‘system:index’).getInfo(),
scale: 30,
region: geometry,
crs : ‘EPSG:4326°,
maxPixels: 1el3,
fileFormat: ‘GeoTIFF’,

formatOptions: {cloudOptimized: true} });
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8 LC08_164035_20140818 RUN
M LC08_164035_20140802 RUN
™ 1.C08_164035_20140717 RUN
M 1.C08_164035_20140701 RUN
M 1.C08_164035_20140615 RUN
M L.C08_164035_20140530 RUN
M L.C08_164035_20140514 RUN
M 1C08_164035_20140428 RUN
M L.C08_164035_20140412 RUN
M 1.C08_164035_20140327 RUN
M LC08_164035_20140223 RUN
M 1L.C08_164035_20140207 RUN
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NEW v C

~ users/amirhoss3inahrari
» BC
» canada
iiigolestan
i guilan
fiiiran_border
iiikerman
innkhodabandeh
iinkhozestan

581 G ol ys gl (gilsoyedd ~AA S

0313 iules (639y9 JulBwd wlasuin ¢l jo 45 ded 0 3L (guuds ddo ¢y
(AR JS) 39 39S 3,19 5 S SIS import 458 ggy - ] o

Table: guilan DESCRIPTION ~ FEATURES  PROPERTIES B Edit
Ty Y 4 e No description

=

Tableld I

users/amirhoss3inahrari/guilan

Date
Start date:
End date:

File Size 7.48KB
Number of Features 1

Last modified 2079-01-27 08:03:38 UTC
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Map.centerObject(table);

Map.addLayer(table);
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4ol image collection cyle (gl b Uilgs o ¢ yiBo () 33 . 4SS 3,lg import &3S
(e JS&) auS ol Ty landsat

chapter2/landsat_modis_landcover Get Link -] . Run -l Reset ~

* Imports (2 entries) B

» var table: Table users/amirhoss3inahrari/guilan
» var landsat: ImageCollection "USGS Landsat 8 Surface Reflectance Tier 1"
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var 1c8 = landsat
.filterBounds(table)
.filterDate(2018-01-01’,°2019-01-01")
.filter(ee.Filter.1t(CLOUD_COVER’,10))
.map(function(img){

var ms = img.select(‘B[2-7]’).multiply(0.0001).clip(table);

var tir = img.select(‘B10’).multiply(@.1).clip(table);

var ndvi = ms.normalizedDifference([‘B5’,’B4’°]).rename(‘ndvi’);

var ndwi = ms.normalizedDifference([“B2’,’B7’]).rename( ‘ndwi’);
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return ms.addBands(tir).addBands(ndvi).addBands(ndwi)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); })

.median();
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modis landcover| n

MCD12Q1.006 MODIS Land Cover Type Yearly Global 500m
MCD12Q1.051 Land Cover Type Yearly Global 500m
MOD10A1.006 Terra Snow Cover Daily Global 500m
MYD10A1.006 Aqua Snow Cover Daily Global 500m

import »

Oxford MAP: Malaria Atlas Project Fractional International Geosphere-Biosphere Program...
GFSAD1000: Cropland Extent Tkm Crop Dominance, Global Food-Support Analysis Data

GFSAD1000: Cropland Extent 1km Multi-Study Crop Mask, Global Food-Support Analysis D...
GLCF: Landsat Global Inland Water
more »

U‘“3‘>L° & ditiuw wol)l Lg).g)ls C_‘,Sl.)s),} S -1) J&[b
MCD12Q1.006 MODIS Land Cover Type Yearly Global 500m

m > DESCRIPTION BANDS TERMS OF USE CITATIONS

The MCD12Q1 V6 product provides global land cover types at yearly intervals (2001-
2016) derived from six different classification schemes. It is derived using supervised
classifications of MODIS Terra and Aqua reflectance data. The supervised

ifl then undergo addi

Dois

| p ing that incorporate prior
knowledge and ancillary information to further refine specific classes.

PSSy 2
Dataset Availability
2001-01-01T00:00:00 - Present
Dataset Provider

NASA LP DAAC at the USGS EROS Center
Collection Snippet I[]

ee. ImageCollection("MODIS/@06/MCD
1201")

Tags
landcover modis med12q1

yearly usgs nasa

CLOSE
orole Bizmias oyl (68 eST3gp clasciie -AY JS

LAY JS) a0 prpssmodis-lule 4y 1y bawy i 53 00 3)ly <S1ag pb 38T

chapter2/landsat_modis_landcover Get Link vl - Run vl Reset vI Apps
~ Imports (3 entries) B

» var table: Table users/amirhoss3inahrari/gquilan
» var landsat: ImageCollection "USGS Landsat 8 Surface Reflectance Tier 1"
» var modis_lulc: ImageCollection "MCD12Q1.006 MODIS Land Cover Type Yearly Global..
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var modis = modis_lulc

.filterDate(2018-01-01’,°2019-01-01")

.filterBounds (table)

.select(‘LC_Type2’)

.toBands ()

.clip(table);

sl il (ol 0lianl b o dis gols uslo bimius ooyl gy <S1395s
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DESCRIPTION ~ BANDS  TERMSOFUSE  CITATIONS  DOIS

Bands Table
Name Description Min Max Units
Land Cover Type 1: Annual
LC_Typet International Geosphere-

Biosphere Programme (IGBP)
classification

Land Cover Type 2: Annual
LC_Type2 University of Maryland (UMD)
classification

Dataset Availability
2001-01-01T00:00:00 - Present

Dataset Provider 5
Land Cover Type 3: Annual
NASA LP DAAC at the USGS EROS Center LC_Type3 Leaf Area Index (LAI)
Collection Snippet I classification
ee.ImageCollection(""MODIS/@86/MCD
1201") Land Caver Type 4: Annual
LC_Typed BIOME-Biogeochemical Cycles
Tags (BGC) classification
landcover modis med12q1
Land Cover Type 5: Annual
yearly usgs nasa LC_Type5 Plant Functional Types
classification
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Map.addLayer(1c8,[],’landsat_composite’,false);

var vis = {min: @, max:15, palette:[‘lcedff’, ‘@5450a’, ‘086ale’, ‘54a708’,
€78d203°,
‘909900 ,’ c6b044”’ ,° dcd159° ,’ daded8’ ,’ fbff13’,’b6ffe5° ,° 27Ff87°,

‘c24f44°, ¢‘a5a5a5’, ‘ffed4c’,’foffad’]};

Map.addLayer(modis,vis,’modis_lulc’,false);
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landsat_composite

" Layer1

w‘ OAELMJJUB ‘\V9 a5 LSLQJSJ‘:).) w.)l.o &5‘.)9)239 w.&.]fym Sl LS"“"

N
m|m
Ardabil
J‘.a-.'ézl
Sarein b
Lt
[Mir
<
oy
Kivi_  Khalk j
3.5 e ‘
Hashjin
e
o
figkend
]
anly
Tonekabor
bt
K | <Zanjan B
el
a
H
3] Soltanieh
aulbli

@3 Bb Sy gl -47 JSa



> > pel

®

Sloylgalo slas p5lase sjlee 5550 IO

m Astara
o
Ardabil
|
i
Sarein
e
Mir
o
Kivi,  Khalkl
Sgs
Hashjin
RVE ST
Ingkend
wssl
g
Zanjan
2
' B Ul
Qa
35 ] Saltanieh
Al

Ramsar
asal
Tonekabor

a

w.)l.a éw dob‘ dﬁ)lf uSlb”:& -4y JSJZ:

SV 3] oty 0ls5 dilye oty 3,5kl bl s 48 LC_Type2 (op)lS dais

oledbl ‘,\gsabands u.«.?u J)|9 cC,Sl.)”Zg U"‘ ub:.uoy i?:.é..o).))f‘ o) 0l

S o

K
..

ol 030 uwl.ou J.olg)?]oou (UT ul?v.uos.s 9 g_fu) )‘ |-v.Cl) Lhu.o%)‘ g.s.s).m L Joy).o

AN S) cwl

Dataset Availability
2001-071-01T00:00:00 - Present

Dataset Provider

NASA LP DAAC at the USGS EROS Center
Collection Snippet I[)

ee. ImageCol lection("MODIS/@06/MCD

1201")

Tags

landcover modis med12q1
yearly  usgs  nasa

DESCRIPTION ~ BANDS

TERMS OF USE

Class Table: LC_Type2

Value Color
0 -
1 -
2 -
3 -
a -

Color

Value

#1c0dff

#05450a

#086a10

#54a708

#78d203

MCD12Q1.006 MODIS Land Cover Type Yearly Global 500m ©z

CITATIONS ~ DOIS

Deseription

Water Bodies: at least 60% of area is covered by
permanent water bodies.

Evergreen Needleleaf Forests: dominated by
evergreen conifer trees (canopy >2m). Tree cover
>60%.

Evergreen Broadleaf Forests: dominated by
evergreen broadleaf and palmate trees (canopy
>2m). Tree cover >60%.

Deciduous Needleleaf Forests: dominated by
deciduous needleleaf (larch) trees (canopy >2m).
Tree cover >60%.

Deciduous Broadleaf Forests: dominated by
deciduous broadleaf trees (canopy >2m). Tree
cover >60%.
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var cross = ee.Image.cat([1lc8,modis]);
print(cross)

(sabain sl 5l codd aidlo cross yuaio b aS (gloold dcgamms cdlsyo 0l I
(AR 1K) ol ol ( | Ses u,u..abl.o Lg).g)ls ¢>5|39):39 A ;O.Jo LSLQ’( > Lés cu.’i)lp

L oG Console [Etics

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

~Image (1@ bands) JSON
type: Image
~bands: List (10 elements)
»@: "B2", double € [-3.2768,
»1: "B3", double € [-3.2768,
»2: "B4", double € [-3.2768, 3.2767], EPSG:4326
»3: "B5", double € [-3.2768, 3.2767]1, EPSG:4326
»4: "B6", double € [-3.2768, 3.2767], EPSG:4326
»5: "B7", double € [-3.2768, 3.2767], EPSG:4326
»6: "B1@", double € [-3276.8, 3276.7000000000003], EPSG:4326
»7: “ndvi", float € [-1, 1], EPSG:4326
»8: "ndwi", float € [-1, 1], EPSG:4326
»9: "2018_01_01_LC_Type2", unsigned int8, SR-ORG:6974, 86400x43200 px

.2767]1, EPSG:4326
.2767], EPSG:4326
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var training = cross.stratifiedSample({
numPoints: 300,
classBand: €2018 01 01 LC_Type2’,
region: table,

scale: 30});
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var classifier = ee.Classifier.smileRandomForest(80)

.train({

features: training,

classProperty: €2018 01 01 LC_Type2’,

inputProperties: [B2’, ‘B3’, ‘B4’, ‘B5’, ‘B6’, ‘B7’,’ndvi’, ‘ndwi’] });
Yooro . sl 0ads 43,8 L4 15 Ao o dobas J&in ainysSl (glaasls sluas b oS 5o
00 ey 038 (b oyl b ST po s jtlsl cmdids e85 (o as L olaws olsal L
u»[wl)., L;J..uddb.b ¢S il>)p )9 ) ol oyl 0 Cygody 41.>).o 0,3‘).)

8 g0 Jlosl A st cloylnle yugnd s o st (slayzoll

var classified = 1c8.classify(classifier);
Map.addLayer(classified,vis,’landsat_lulc’,false);
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var trainAccuracy = classifier.confusionMatrix();
print(‘Confusion matrix: €, trainAccuracy);
print(‘Training overall accuracy: ¢, trainAccuracy.accuracy());

print(‘Training kappa coefficient: ¢, trainAccuracy.kappa());

o oz 0083wl (sla S 5l oo g ga)l (slaasiges Ballas e YU S8 5
ko Vo) IS )0 Ty (o lsel ol 51 ol doecs . canl

Confusion matrix: JSON
vList (16 elements) JSON

»0: [298,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1]

»1: [0,300,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

»2: [0,0,300,0,0,0,0,0,0,0,0,0,0,0,0,0]

»3: [e,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

»4: [e,0,0,0,300,0,0,0,0,0,0,0,0,0,0,0]

»5: [e,0,0,0,0,300,0,0,0,0,0,0,0,0,0,0]

»6: [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0]

»7: [0,0,0,0,0,0,0,298,0,0,0,0,0,0,0,2]

»8: [1,0,0,0,0,0,0,0,299,0,0,0,0,0,0,0]

»9: [0,0,0,0,0,0,0,0,0,298,0,2,0,0,0,0]

»10: [e,0,0,0,0,0,0,0,0,0,298,1,0,0,0,1]

»11: [e,0,0,0,0,0,0,0,0,0,1,299,0,0,0,0]

»12: [e,0,0,0,0,0,0,0,0,0,0,0,300,0,0,0]

»13: [0,0,0,0,0,0,0,0,0,0,0,1,0,298,0,1]

»14: [e,0,0,0,0,0,0,0,0,0,0,0,0,0,300,0]

»15: [0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,300]
Training overall accuracy: JSON
0.9971428571428571
Training kappa coefficient: JSON
0.9969230769230769

olzsl glad ugile -Vo) JS

JER-EW LSJ.A_’M LSLQU"’%Q u.w.’l.)).» L;l.m:\.»w O L5_>9.'>)L.m.’ d.’LLu Vo) ng:).)
o> <83 8Ly gliad S Yo | iunyliiel g o5 ol ol 013 3939 st yyguas
Syl eSlagydownscaling g g9 Sy e ploo] (59iS15 S cuild L s ool Cawd



)b eyl slolgala yaglas o3loy (sjlomeysisa VI

8139y slon sdibadgr dads 500 @yle 4 sl cavddd juglas 3l eoliwl b woole
i) sl 253 Gl o e S8 g 8l s (58
5 333 Sises ) st (slaiyes oslisal b odinyp L2 o bl s
cusl o3 gslate oy 398 (bl dle )8 ol eS1390 b duplie g (sanaib
WDgd cudldy (sl (68 cSTgy) cundib axge wlel p chis g

5o 00l 15 3 51  oxtanglize] (gladiges cablag (sl

var training = cross.stratifiedSample({
numPoints: 100,

classBand: €2018 01 01 LC Type2’,

region: table,

scale: 30,

seed: 1});
ool V51 SO e gl (seed:]) was Sl asjei b aiges Yoo YU 0SS wlal
Sl ) 8 Bl ladiges cpl 5l oolatul b« ug 358 0 bty (gan il
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var validated = training.classify(classifier);

eS190 b o (5Bl 5 canslis liae cosbigs s (uslizel el e sam p 50
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9% 50

var testAccuracy = validated.errorMatrix(€2018 01 _01_LC_Type2’,

‘classification’);

print(‘validation error matrix: ¢, testAccuracy);

print(‘vValidation overall accuracy: ¢, testAccuracy.accuracy());

print(‘validation kappa coefficient: ¢, testAccuracy.kappa());
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Validation error matrix: JSON
vList (16 elements) JSON
»9: [75,0,0,0,0,0,0,1,0,4,0
r1: [0,75,10,0, y
r2: [0,18,59
»3: [0,0,0,0
r4: [0,8,
»5: [e,
r6: [0
r7: [0
»8: [1
r9: [3
»10: [
[
[
[
[
[

’ ’ L
,0,0,1,1,1,0,0,0,3,
0,0,7
0,0,0

1Y9,9,4,

@HS@WW@#—W

»11:
»12:
r13:
»14:
»15:

19y

Validation overall accuracy: JSON
0.4757142857142857

Validation kappa coefficient: JSON
0.4353846153846153
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Map.centerObject(table);

Map.addLayer(table);

Sloylgale y2glias Jilgil,8 (¥
9 &S gy g ool bl (g ptumed pusual yglad 3l Wb b Jloyblal gy
0gy chwgie S SIS Gl b loylgale joglas ples (sl 29 o0 Al)] 150 o2
e . Caol oolatwl BB (juobal (1095 (¢ bued] pusras byd 4)) Jiustiw 9 caodid
oolitsl zxlas SBjl A Casst) yslas 31 b sshoys ol (el i eyl o <ol
ol 0kt 0015 jtoles o p3Y (ola 4510, s 9 00y Slgs )3 gl (yu5 0S40 39 oo
var landsat = ee.ImageCollection(“LANDSAT/LCO8/CO1/T1_SR”)
.filterDate( 2019-01-01’,°2020-01-01")
.filter(ee.Filter.1t(CLOUD_COVER’,10))

.filterBounds(table)
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.map(function(img){
var bands = img.select(‘B[1-7]’).multiply(0.0001).clip(table);
return bands.copyProperties(img,[“system:time_start’,’system:time_
end’,’system:index’]);}).median();
] grazmas V cawdd) (glolsnlo ookt (Y 15)) Labiss (glawsl U oS 5
oo dusloee B )] Doy 3l 5 iyl duoyd Vo 314208 53l 45 YN Jlo (gl 00
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+ vegetation (2 polys)
' soil (4 polys)
+ water (5 polys)
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var veg = landsat.reduceRegion({reducer: ee.Reducer.mean(),

geometry:vegetation, scale: 30, maxPixels: 1lel3});

var vegvalues = veg.values();

print (vegvalues, f‘vegvalues’);

var wat= landsat.reduceRegion({reducer: ee.Reducer.mean(), geometry:water,

scale: 30, maxPixels: 1lel3});

var watervalues = wat.values();

print(watervalues, ‘watervalues’);

var soi = landsat.reduceRegion({reducer: ee.Reducer.mean(), geometry:soil,

scale: 30, maxPixels: 1lel3});

var soilvalues = soi.values();

print(soilvalues, ‘soilvalues’);

b (21551 (D
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var unmix = landsat.unmix([watervalues, vegvalues, soilvalues],true,true);

1S o0l 45 05 51 i U515 5] Juols 55 iles gl

Map.addLayer(unmix,[],’landsat_unmix’,false);
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Map.centerObject(table);

Map.addLayer(table);
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// landsat5 : 1990 - 2000
var 151 = ee.ImageCollection(“LANDSAT/LTO5/C01/T1_SR”)
.filterDate(1985-01-01",°2000-01-01")
.filterBounds (table)
.filter(ee.Filter.1t(“CLOUD_COVER’,10))
.select([‘B[1-5]°,’B7’])
.median()
.multiply(0.0001)
.clip(table);

print(‘landsat 1985 - 2000:°,151);
Map.addLayer(151,{min:0.0591 , max:0.3451,
bands:[ ‘B4’ ,°B3’,°B2’]},’1985-2000° ,false);
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// landsat5 : 2000 - 2012

var 152 = ee.ImageCollection(“LANDSAT/LTO5/C01/T1_SR>)
.filterDate( €2000-01-01",°2013-01-01")

.filterBounds (table)
.filter(ee.Filter.1t(“CLOUD_COVER’,10))
.select([‘B[1-5]°,’B7’])

.median()

.multiply(0.0001)

.clip(table);

print(‘landsat 2000 - 2012:°,152);
Map.addLayer(152,{min:0.0591 , max:0.3451,
bands:[ ‘B4’ ,°B3’,°B2’]},’2000-2012° ,false);

// landsat8 : 2013 - 2021

var 18 = ee.ImageCollection(“LANDSAT/LCO8/CO1/T1_SR”)
.filterDate(2013-01-01’,°2021-01-01")
.filterBounds(table)
.filter(ee.Filter.1t(CLOUD_COVER’,10))
.select([‘B[2-7]1°1)

.median()

.multiply(0.0001)

.clip(table);

print(‘landsat 2013 - 2021:°,18);
Map.addLayer(18,{min:0.0591 , max:0.3451,
bands:[ B5’,’B4’,°B3’]},’2013-2021° ,false);
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// water spectral indices
var ndwi_151 = 151.normalizedDifference([“B2’,°B4’]).
rename( ‘ndwi_1985 2000’ );

Map.addLayer(ndwi_151,{min:-0.4025,max:0.4828},’ndwi_1985_2000° ,false);

var ndwi_152 = 152.normalizedDifference([‘B2’,’B4’]).
rename( ‘ndwi_ 2000 2012°);

Map.addLayer(ndwi_152,{min:-0.4025,max:0.4828},’ndwi_2000 2012’ ,false);

var ndwi_18 = 18.normalizedDifference([‘B3’,’B5’]).
rename( ‘ndwi_ 2013 2021°);

Map.addLayer(ndwi_18,{min:-0.4025,max:0.4828},’ ndwi_2013 2021’ ,false);
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// multi temporal mapping

var decision® = ndwi_151.where(ndwi_151.1te(0.1),0);

var decisionl = decision®@.where(ndwi_151.gt(0.1),1);

var decision2 = decisionl.where(ndwi_152.gt(0.1),2);

var decision3

decision2.where(ndwi_18.gt(0.1),3).

rename( ‘urmia_multitemporal_map’);
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Map.addLayer(decision3,{min:0,max:3}, ’multitemporal map’,false);
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Export.image.toDrive({
image: decision3,

description: ‘urmia_multitemporal_map’,
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scale: 30,
region: geometry,
maxPixels: 1el3,

crs: ‘EPSG:4326°1%});
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Map.centerObject(table);

Map.addLayer(table);
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- A0 gy M.b...: instrument mode 4 transmitter receiver polarization

var senl = ee.ImageCollection( “COPERNICUS/S1_GRD’)

.filterBounds(table)

.filterDate(2018-01-01’,°2019-01-01")
.filter(ee.Filter.listContains(“transmitterReceiverPolarisation’,’VvVv’))
.filter(ee.Filter.eq( ‘instrumentMode’,’ IW’))

.select(‘W?);
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varwinter=ee.Image(senl.filterDate(‘2018-01-01’, €2018-04-01°).mean()).clip(table);
varspring=ee.Image(senl.filterDate(‘2018-04-01’, €2018-07-01°).mean()).clip(table);

varsummer=ee.Image(senl.filterDate( ‘2018-07-01’, ‘2018-10-01’).mean()).clip(table),

LoSaw & Jnrd o (F

oo yogpas Yyoma . ool Juwd 50 cpazl 150V Jiiiw (loylgalo yoglias
Ol yige [y o ol (sl glas g col conlin (g0l uglas g aib plosl gy
A lg) wsS o ableSow 4l fuwd psbad dualyso STl ol b .aas o
5 4 0S5 gols .l dulss 5L 15 ol 3 o0l 4y «( o)l pgleas STl



)b eyl slolgala gl 3la (sjlomeygige YV Y

st |y ol b Lad 5 Cand 35250 020l Sl 55 ()3 iy 04 LSl 4 Jwd
function toNatural(img) {return ee.Image(10.0).pow(img.select(0).divide(10.0));}
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toNatural(winter).rename( ‘winter’);

var winter_sigma

var spring_sigma = toNatural(spring).rename(‘spring’);

var summer_sigma = toNatural(summer).rename( ‘summer’);
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var stack = ee.Image.cat([winter_sigma,spring_sigma,summer_sigma]);
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var smoothed = stack.focal _median(30, ‘circle’, ‘meters’);
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Map.addLayer(stack,[],’before_filtering’,false);

Map.addLayer(smoothed, [],’after_filtering’,false);
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Map.centerObject(table);

Map.addLayer(table);
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- A0 gy m.b...: instrument mode 4 transmitter receiver polarization

var winter = ee.ImageCollection( “COPERNICUS/S1_GRD’)
.filterBounds(table)
.filterDate(€2018-01-01’,°2018-04-01")
.filter(ee.Filter.listContains(“transmitterReceiverPolarisation’,’VvVv’))
.filter(ee.Filter.eq( ‘instrumentMode’,’ IW’))
.select(‘VH’)
.median()
.clip(table);
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var spring = ee.ImageCollection( “COPERNICUS/S1_GRD’)
.filterBounds(table)
.filterDate( €2018-04-01’,°2018-07-01")
.filter(ee.Filter.listContains(‘transmitterReceiverPolarisation’,’VW?))
.filter(ee.Filter.eq( ‘instrumentMode’,’IW’))
.select(‘VH’)
.median()

.clip(table);

var summer = ee.ImageCollection( “COPERNICUS/S1_GRD’)
.filterBounds (table)

.filterDate(2018-07-01’,°2018-10-01")
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.filter(ee.Filter.listContains( “transmitterReceiverPolarisation’,’W~’))
.filter(ee.Filter.eq( ‘instrumentMode’,’ IW’))

.select(‘VH’)

.median()

.clip(table);

var fall = ee.ImageCollection(“COPERNICUS/S1_GRD’)

.filterBounds(table)

.filterDate( €2018-10-01",°2019-01-01")
.filter(ee.Filter.listContains(‘transmitterReceiverPolarisation’,’VW?))
.filter(ee.Filter.eq( ‘instrumentMode’,’IW’))

.select(‘VH’)

.median()
.clip(table);
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function toNatural(img) {return ee.Image(10.0).pow(img.divide(10.0));}

var winter

toNatural(winter).rename(‘winter’);

var spring = toNatural(spring).rename( ‘spring’);

var summer

toNatural(summer).rename( summer?);
var fall = toNatural(fall).rename(“fall’);
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var radarstack = winter.addBands(spring).addBands(summer).

addBands(fall);
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var smoothed = radarstack.focal median(30, ‘circle’, ‘meters’);
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Map.addLayer(radarstack,[],’radar_stack’,false)
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var sl = ee.ImageCollection( “COPERNICUS/S1 GRD’)
.filterBounds (geometry)
.filterDate( 2016-01-01",°2019-01-01")
.filter(ee.Filter.listContains( ‘transmitterReceiverPolarisation’,’VW’))
.filter(ee.Filter.eq( ‘instrumentMode’,’ IW’))

.select(”W’)

.map(function(img){

var sigma = toNatural(img);

var filter

sigma.focal_median(30, ‘circle’, ‘meters’);

return filter.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(sl,geometry,ee.Reducer.
mean(),10,’system:time_start’);

print(chart);
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Map.centerObject(table);

Map.addLayer(table);
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var before = ee.ImageCollection( “COPERNICUS/S1_GRD’)
.filterBounds(table)
.filterDate( €2018-04-01’,°2018-05-01")
.filter(ee.Filter.listContains( ‘transmitterReceiverPolarisation’,’VW?))
.filter(ee.Filter.eq( “instrumentMode’,’ IW’))
.select(W’)
.min()

.clip(table);

var after = ee.ImageCollection( “COPERNICUS/S1 GRD’)
.filterBounds(table)
.filterDate(“2019-04-01°,°2019-05-01")

.filter(ee.Filter.listContains( “transmitterReceiverPolarisation’,’W~?))
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.filter(ee.Filter.eq( ‘instrumentMode’,’ IW’))
.select(‘W’)
.min()

.clip(table);
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var before = before.focal median(100, ‘circle’, ‘meters’).rename(‘before’);

var after = after.focal median(100, ‘circle’, ‘meters’).rename(‘after’);
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var change = before.subtract(after).rename(‘change’);
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Map.addLayer(before,[],’before_flood’,false);
Map.addLayer(after,[],’after_flood’ ,false);
Map.addLayer(change,[],’change map’,false);
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+" change_map
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Map.centerObject(table);

Map.addLayer(table);
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var winter = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds(table)
.filterDate( 2018-01-01",°2018-04-01")
.filter(ee.Filter.lessThan( ‘CLOUDY PIXEL_PERCENTAGE’,30))
.map (function(img){
return img.normalizedDifference([‘B8’,’B4’]);})
.median()
.clip(table)

.rename( ‘winter’);

var spring = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds(table)
.filterDate( €2018-04-01’,°2018-07-01")

.filter(ee.Filter.lessThan( ‘CLOUDY_PIXEL PERCENTAGE’,30))
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.map(function(img){

return img.normalizedDifference([B8’,’B4°]);})
.median()

.clip(table)

.rename( ‘spring’);

var summer = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds(table)

.filterDate( €2018-07-01",°2018-10-01")
.filter(ee.Filter.lessThan( ‘CLOUDY_ PIXEL_PERCENTAGE’,30))
.map(function(img){

return img.normalizedDifference([“B8°,’B4’]);})
.median()

.clip(table)

.rename(’ summer’);

var fall = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (table)

.filterDate( 2018-10-01",°2019-01-01")
.filter(ee.Filter.lessThan( ‘CLOUDY_PIXEL_PERCENTAGE’,30))
.map(function(img){

return img.normalizedDifference([“B8°,°B4’]);})
.median()

.clip(table)

.rename(’fall’);
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var ndvistack = winter.addBands(spring).addBands(summer)
.addBands(fall);
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Map.addLayer(ndvistack)
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var ndviplot = ee.ImageCollection( “COPERNICUS/S2’)

.filterBounds (geometry)

.filterDate(°2016-01-01",°2019-01-01")

.filter(ee.Filter.lessThan( ‘CLOUDY_PIXEL_PERCENTAGE’,30))

.map(function(img){

return img.normalizedDifference([“B8’,’B4’])

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]);});
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var chart = ui.Chart.image.series(ndviplot,geometry,ee.Reducer.
mean()10,’system:time_start’);

print(chart);
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Map. centerObject (table);

Map.addLayer(table);
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var sen2lai = ee.ImageCollection( “COPERNICUS/S2 SR’)

.filterBounds(table)

.filterDate(2017-01-01’,°2020-01-01")

.filter(ee.Filter.lessThan( “CLOUDY_ PIXEL_ PERCENTAGE’,30))

.map(function(img){

var bands = img.multiply(©.0001).clip(table);

var wdvi = bands.expression(‘B8 - 1.35 * B4’, {‘B8’: bands.select(‘B8’),’B4’:

bands.select(B4°)});

var lai = bands.expression(€10.22 * wdvi + 0.4768°, {‘wdvi’: wdvi});

return lai

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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Map.addLayer(sen2lai.median(),{min: @, max: 4.0},’lai’,false);
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var chart=ui.Chart.image.series(sen2lai,geometry,ee.Reducer.mean(),10,’system:time_start’);

print(chart);
Band m ross imag
45
40
35
3.0
25
.
5
g
N 20
:
:
§
15
10
05
0.0 /\v
5
Januar ry 2019 March 2019 May 2019 July 2019 September 2019 November 2019
Image (labeled by system:time_start)

oloj b lai e L clynds lage -10 JS



oy ey ] Sloylsale plas ploys lme 530 YOF

oadlo Lol ceel Jguamno diby iolidl caao 030 JSCoj0 45 je b len

Lg}L.wJM).) .o oJ_’gb)f ua.>l..~.o C)‘J")‘) L5J9)" A9y g0 C)T wlbﬁg cgf)_g Ct.‘a_.w
59wl Jolicte lalllas 31 (gylans 3 ol 31 ooliu] g ol yl3yas 1 (g yiin cBy 5|
S o Wy syl (e300 e oyl cdcallns y50 laio ) LS gy il L
s 35 S ol 5o (2 LS iiigy oS5 il i s ls ol lide d sy o

sjgel S5 (O
dosoio 0liS sl ol 4 5 _sentinel2_lai pb b (ool éyl S8 SliS 31 jiso ol oS
B8l oyt e dxlge s b wngsaS 3l (isu 0 50 45 )50 50 sl 0
30 (hlasy jiso a4 dis g8y JSie ST 0S duplie diges 8Ly 545 084S el ]
SLas oS el ) Lot 5 )13 (lee ;3 Lo by ol g S dnn o QLS g doiao

QLS gyb domiio
http://girs.ir /product /google —earth —engine -book

¥ s 5Ll I oS 95 Al audgl

Sy 9 Vo) i slaoylaale b cluwlxe 5 (Slsa8 09y b aSol 51 e
(0 e ol ysbo ) S g 95 At Ao gy cal>po el ) capass Ll b ol Lo
(S g op A A5 oy ey -Osdse 031 eel ¥ rtins yslas 3l eolisl b
g5 N guama 5| Sy sl Lo )3 45 sl loj sloglanle sl 51 o3lizd
1l oo bl 3939 IS stwey oMol STl ol b . 0ibls azils Sy SIS _ine;
358 452y ogul . 0iS o0limisl e o 031 jsal (s 2l 3 &S (slosds
] io WY quase L

S glacdad 51 (S0) olhsile bl el e ezl ool ) dalllas 350 dilaie



6’/’_\\\
)b eyl @ slolgala gl il (s3lna 550 YOO
=/

U?fa_;b w)))b.:‘)l o\)l.él.w‘bs 2 Cypody aslaio U"‘ puaﬁyo . Cawl (u‘).;‘).) Fa33S,
(V8 JS) cawl oui dlool draw a shape

dxlllan 3yg0 dilaie yuuns -VF S

salawlcenter object ygiws jl caS 0,8 Tat 5L 4o 40 dilaio cuxBae (h0ld yiules (gl
AS

Map.centerObject(geometry);
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// jan
var jan = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(2018-01-01’,°2018-02-01")
.map(function(img){
return img.normalizedDifference([“B8°,’B4’]);})
.max()
.clip(geometry)

.rename( ‘jan’);

// feb

var feb = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)

.filterDate( 2018-02-01",°2018-03-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4’]);})
.max()

.clip(geometry)

.rename( ‘feb’);

// mar

var mar = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)

.filterDate( 2018-03-01",°2018-04-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)
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.rename( ‘mar’);

// apr

var apr = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-04-01",°2018-05-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘apr’);

// may

var may = ee.ImageCollection( ‘COPERNICUS/S2’)
.filterBounds (geometry)

.filterDate( €2018-05-01’,°2018-06-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4’]);})
.max()

.clip(geometry)

.rename( ‘may’);

// jun

var jun = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-06-01’,°2018-07-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4’]);})
.max()

.clip(geometry)
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.rename( ‘jun’);

// jul

var jul = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)

.filterDate( 2018-07-01",°2018-08-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘jul’);

// aug

var aug = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)

.filterDate( 2018-08-01",°2018-09-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename(‘aug’);

// sep

var sep = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-09-01",°2018-10-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘sep’);
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// oct

var oct = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-10-01",°2018-11-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘oct’);

// nov

var nov = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-11-01",°2018-12-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘nov’);

// dec

var dec = ee.ImageCollection( “COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(€2018-12-01",°2019-01-01")
.map(function(img){

return img.normalizedDifference([“B8’,’B4°]);})
.max()

.clip(geometry)

.rename( ‘dec’);
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// monthly ndvi dataset
var stack =
jan.addBands(feb).addBands(mar).addBands(apr).addBands(may).
addBands(jun).addBands(jul).addBands(aug).addBands(sep).

addBands(oct).addBands(nov).addBands(dec);
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// radar median image
var radar = ee.ImageCollection( “COPERNICUS/S1_GRD’)
.filterBounds (geometry)
.filterDate( 2018-07-01",°2018-10-01")
.filter(ee.Filter.listContains( “transmitterReceiverPolarisation’,’VW’))
.filter(ee.Filter.eq( ‘instrumentMode’,’IW’))
.select(‘W’)
.map(function(img){
var despeckel = img.focal_median(30, ‘circle’, ‘meters’);
return despeckel;})
.median()

.clip(geometry);

// radar and monthly ndvi stacking

var stack = stack.addBands(radar);
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Map.addLayer(stack);
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l Geometry Imports

geometry (1 poly)
v rice (125 pts)

v~ crop (100 pts)
v~ forest (101 pts)
v/ urban (101 pts)
v water (103 pts)

AN

geometry3 (1 pt)

+ new layer
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var training_data = rice.merge(crop).merge(forest).merge(urban).merge(water);
L cs39p9 sy sla yo oddcilyy sladiges 51 o pa (g3 jlude g
133,80 yasuine sample regions @l 31 o5l
var training = stack.sampleRegions({
collection: training_data,
properties: [‘agri’],

scale: 10});
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var classifier = ee.Classifier.libsvm().train({
features: training,
classProperty: €agri’});
1S Jloel g (sla JuSo plos 69) 1y (v aiab 10)s80l doesS ¢ yuupas
var classified = stack.classify (classifier);

1S ool add layer jguwd 3l ¢ ganadib doeis (gilospar sl
Map.addLayer(classified,{min:0,max:4, palette:[
“#f£9337°,° #9800’ ,’#269cle’ , ’ #000000’ , ’ #0089FF’ |});
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Configure geometry import

Name Color
rice #ff9337
Import as Pd
FeatureCollection v ‘
Properties
agri 0

+ Add property
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print( ‘kappa coefficient’, classifier.confusionMatrix().kappa());

print(‘overal accuracy’, classifier.confusionMatrix().accuracy());
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var legend = ui.Panel({style: {position: ‘bottom-left’,padding: 8px 15px’}});

var legendTitle = ui.label({
value: ‘Map Legend’,

style: {fontWeight: ‘bold’,fontSize: ‘18px’,margin: ‘@0 4px 0’ ,padding: ‘0°}});
legend.add(legendTitle);

var makeRow = function(color, name) {
var colorBox = ui.lLabel({

style: {backgroundColor: ‘#’ + color,padding: €‘8px’,margin: ‘@ © 4px 0°}});

var description = ui.Label({value: name, style: {margin: ‘@ @ 4px 6px’}});
return ui.Panel({widgets: [colorBox, description],layout: ui.Panel.lLayout.

Flow( ‘horizontal’)});};

legend.add(makeRow( “f9337°, ‘rice’));
legend.add(makeRow( ‘98ff00°, ‘crop’));
legend.add(makeRow( “269cle’, ‘forest’));
legend.add(makeRow( €@00000°, ‘urban’));
legend.add(makeRow( ‘@089ff’, ‘water’));
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Use print(...) to write to this console.

kappa coefficient JSON
0.9929101100047711
overal accuracy JSON
0.9943396226415094
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geometry (1 poly)

rice (125 pts)
crop (100 pts)
forest (101 pis)
urban (101 pts)
water (103 pts)

" geometry2 (1pt)

. ... . =

/" geometry3 (1pt)

+new layer

=i S e 3] dlads 90 sl -YY S
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feature ygiws 31 feature 43¥ S, 4 geometry3 ggeometry2 45¥93 59,5 3y (gl ¢ yupus
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var regions = ee.FeatureCollection([
ce.Feature(ee.Geometry(geometry2),{label: ‘rice’}),

ee.Feature(ee.Geometry(geometry3),{label: ‘other’}) ]);

Sloylgale ol Jlgslys (¥
o9 Sl hB YoV Jlo (gl ¥ iiios yoslias ol canlllae o) 50 dilaio el sl sy
S5 dnmslie 2ol S 31 00lizasl b Lo 151 S o ndvi s L
var ndvi = ee.ImageCollection( ‘COPERNICUS/S2’)
.filterBounds (geometry)
.filterDate(“2018-01-01°,°2019-01-01")
.map(function(img){
return img.normalizedDifference([“B8’,’B4’]).rename( ‘ndvi’)

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.seriesByRegion(ndvi, regions,
ee.Reducer.mean(), ‘ndvi’, 10, ‘system:time start’,’label’);
print(chart);
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ndvi values in different regions across ima
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var ndvi = ee.ImageCollection( “COPERNICUS/S2’)

.filterBounds (geometry)

.filterDate( €2018-01-01’,°2019-01-01")

.filter(ee.Filter.lessThan( ‘CLOUDY_PIXEL_PERCENTAGE’,10))
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.map(function(img){
return img.normalizedDifference([“B8’,’B4’]).rename( ‘ndvi’)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });

ndvi values in different regions across images

February 2018 April 2018 June 2018 August 2018 October 2018 December 2018

Image
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Map.centerObject (table);

Map.addLayer(table);
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var sen2 = ee.ImageCollection(“COPERNICUS/S2_SR”)
.filterDate(€2019-01-01",°2020-01-01")
.filterBounds(table)
.filter(ee.Filter.1t( ‘CLOUDY_PIXEL_PERCENTAGE’,10))
.median()
.multiply(0.0001)
.clip(table)

.select(‘B[2-4]’,’B8’);

Map.addLayer(sen2,{bands:[ ‘B8’,’B4’,’B3°]},’sen2’,false);
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var ndvi = sen2.normalizedDifference([‘B8’,°B4°]);

var ndwi = sen2.normalizedDifference([‘B4’,’B8’]);
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var dem = ee.Image(“USGS/SRTMGL1_003”).clip(table);
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1wl odis 001> (ylis where &l
var decisionl = ndvi.where(ndvi.gte(0.3).and(dem.1t(350)),1); // agriculture
var decision2 = decisionl.where(ndvi.gte(0.3).and(dem.gte(350)),2); // forest

var decision3 = decision2.where(ndvi.gte(®).and(ndvi.1lt(0.3).and(dem.
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1t(500))),3); // urban and bareland mixed

var decision4 = decision3.where(ndvi.gte(@).and(ndvi.lt(0.3).and(dem.
gte(500))),4); // bareland

var decision5 = decision4.where(ndvi.lt(0).and(ndwi.gt(0)).and(dem.
1t(2000)),5); // water

var decisioné = decision5.where(ndvi.lt(0).and(ndwi.gt(®)).and(dem.

gte(2000)),6); // cloud
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Map.addLayer(decision6,{palette:[ ‘#1426’ ,° #0da919’,’ #000000° ,’ #ff9d39”°,’ #

0014’ ,’ #ffffff’ ]}, ’decision_map’,false);



&ﬁ\\
)b eyl @ sloylgnloslas il (sjlones 935 VY

Bandar

Babolsar,

Chalus

A Abyek

Sl B
Naza_?abad Karaj
abl =2

Qods Tehran
35 [ 35 | vud Olyps

59 SS9y b o (i yygead -V JS

Mahdi Shahr
i Sigs

u«.’b}g.J.\S(;
sl bld 4 8 _sentinel2_decision_tree pb b -zl &)l oS oS 51 aso ol oS
PRVRW 0‘9.0 s l.) LS““"?"JS M‘).Q)‘ B IRY- S 4563)9@)3 sl oA douwoud &_)L\S
http://girs.ir /product /google —earth —-engine -book

Y Jliw (gloylgdle yuglal G005

Sl oyt gy Vo SISe S5 ol b eV it (sloylaale pglas yols Jls 5o
oz s b ol b sl 03,8 wly 550 51 tomis o8l slaoylgale o yo Ty S
L sl i S0 b a5 310,10 (e Vo 318 S5 ()95 co)lgmle ol J5L 005 31 5L
SaS 4 48 U8 o0 (5) gl (e £ oSS Glg5 b Wb dw 5 (g0 Vo S5 ol
51 y20 Vo & 55 |y Lash ol (Sl wlise Olgice loylonle polas 2l slo i
Vo seobas s Gl ) ¥ i slojlgnle uslas 3udl (S3s8s < ise el )2 2015
s 0 T (S ko Vo b (Syke

draw a rectangle 5! 51 oolazwl b g  swd cygods ddlllas dyge ddlate ¢ jisu oyl 3o



)b eyl sloylgnleyslias il siloxe gize YWY

] i D9 0493 yikg (S0 bz (o138l g agbat 5,45 31 aSOl gl 29 o0 s
ooy 31 (tond <o e 40l oD (sl ) oS aslllas 550 dilais
Load S jlas )0 50 ool sl addllas )50 dilaie dljieds oliwjss gliwl 2l

:0uiS s |y 858 dids caaBgo 4oy 38 31 oo lasul

Map.centerObject(ROI);
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var sen2 = ee.ImageCollection(“COPERNICUS/S2 SR”)
.filterBounds (ROI)
.filterDate(€2019-01-01",°2020-01-01")
.filter(ee.Filter.eq( ‘MGRS_TILE’,’39RTQ’))

.sort( ‘CLOUDY_PIXEL_PERCENTAGE’)

first()

.clip(ROI);

print(‘cloudless sentinel-2 image:’,sen2);
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Map.addLayer(sen2,[],’sen2_cloudless’,false);
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var cs = sen2.select(“B4’).projection().getInfo().crs;

var crsTransformlem = sen2.select(‘B4’).projection().getInfo().transform;

sen2.select(“B5’).projection().getInfo().transform;

var crsTransform20m

print(cs);
print(crsTransformlom);

print(crsTransform20m);
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var tenBands = sen2.select(‘B[2-4]’,’B8’).multiply(0.0001);

var twentyBands = sen2.select(‘B[5-7]’,’B8A’,°B11’,’B12’).multiply(0.0001);
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var panBand = tenBands.expression((b2+b3+b4+b8)/(4.0)",
{“b2’: tenBands.select(‘B2’),’b3’: tenBands.select(‘B3’),

‘b4’ : tenBands.select(‘B4’),’b8’: tenBands.select(‘B8°’)});

19 g0 o0l 1y A5 51 Selegy Sl Wb (g3l g ps (12

Map.addLayer(panBand, [],’panchromatic’,false);
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var pan_crs = panBand.reproject({crs: cs, crsTransform:crsTransformlom });
vartenBands_crs=tenBands.reproject({crs:cs, crsTransform:crsTransformlom});
vartwentyBands_crs=twentyBands.reproject({crs: cs, crsTransform:crsTransform2em});
Ngb oo Jrom) yio Vo ol JuSio o (gx0 Vo (sl ¢ g
var msResampled = twentyBands_crs.resample(‘bilinear’).reproject(
{crs: twentyBands_crs.projection().crs(), scale:10 });
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var ratio = 2.0;
var kernelSize = 5;

var mod = 0.25;

var list = [-1,-1,-1,-1,-1];
var centerList = [-1,-1,24,-1,-1];
var lists = [list,list,centerList,list,list];

var kernel = ee.Kernel.fixed(5, 5, lists, -3, -3, false);

var hpf = pan_crs.convolve(kernel);
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var msStdv = ee.Number(msResampled.reduceRegion({
reducer: ee.Reducer.stdDev(),
geometry: ROI,

bestEffort: true}));

var hpfStdv = ee.Number(hpf.reduceRegion({
reducer: ee.Reducer.stdDev(),
geometry: ROI,

bestEffort: true}));

varmsStdv2 =ee.Dictionary(msStdv).values([ ‘B5’,’B6’,°B7°,’B8A’,°B11’,’°B12’]);

var hpfStdv2 = ee.Image.constant(ee.Dictionary(hpfStdv).values().get(0));
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var B5 = hpf.multiply(ee.Number(msStdv2.get(0))).divide(hpfStdv2).multiply(mod);
var B6 = hpf.multiply(ee.Number(msStdv2.get(1))).divide(hpfStdv2).multiply(mod);
var B7 = hpf.multiply(ee.Number(msStdv2.get(2))).divide(hpfStdv2).multiply(mod);
var B8A=hpf.multiply(ee.Number(msStdv2.get(3))).divide(hpfStdv2).multiply(mod);
varBll=hpf.multiply(ee.Number(msStdv2.get(4))).divide(hpfStdv2).multiply(mod);

varB12=hpf.multiply(ee.Number(msStdv2.get(5))).divide(hpfStdv2).multiply(mod);

var B5_10m = msResampled.select(‘B5’).add(B5);
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var B6_10m = msResampled.select(‘B6’).add(B6);

var B7_10m = msResampled.select(“B7’).add(B7);

var B8A_10m

msResampled.select( “B8A’).add(B8A);

var B11_10m = msResampled.select(‘B11’).add(B11);

var B12_10m = msResampled.select(‘B12’).add(B12);
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Map.addLayer(B5_10m,[],’B5_10m’,false);

Map.addLayer(msResampled.select(‘B5°’),[],’B5_20m’,false);

+ B5_.20m
B5_10m
details
panchromatic

senZ_cloudless

details
panchromatic

sen2_cloudless
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var stack20to10 = B5_10m.addBands(B6_10m).addBands(B7_10m).addBands(B8A_10m)

.addBands(B11_10m).addBands(B12_10m);
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Map.centerObject(table);

Map.addLayer(table);
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var getNDVI = function(img){
var NDVI = img
.normalizedDifference([ “0al7_radiance’,’0a@8_radiance’])
.rename (“NDVI”);
return NDVI; };
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var start = ee.Date.fromyMD(2018,01,01);

var months = ee.List.sequence(®, 11);

var startDates = months.map(function(d) {
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return start.advance(d, ‘month’); 1});

print(“Start dates”,startDates);
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var monthmap = function(m){
var start = ee.Date(m);
var end = ee.Date(m).advance(1,’month’);
var date_range = ee.DateRange(start,end);
var S3Month = ee.ImageCollection( “COPERNICUS/S3/0LCI’)
.filterDate(date_range)
.filterBounds(table)
.map(getNDVI)
.map(function(img){return img.clip(table)});

return(S3Month.max());};
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var list of images = startDates.map(monthmap);

print(€list_of_images’, list_of_images);
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list_of_images JSON
~List (12 elements) JSON

b 0: Image (1 band)

»1: Image (1 band)

»2: Image (1 band)

b 3: Image (1 band)

b 4: Image (1 band)

b 5: Image (1 band)

»6: Image (1 band)

»7: Image (1 band)

FEB: Image (1 band)

b 9: Image (1 band)

+10: Image (1 band)

»11: Image {1 band)
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var mt = ee.ImageCollection(list of images);

print(“Monthly NDVI”, mt);

Monthly NDVI JSON
v ImageCollection (12 elements) JSON
type: ImageCollection
bands: []

~ features: List (12 elements)
b 0: Image (1 band)
»1: Image (1 band)
b 2: Image (1 band)
b 3: Image (1 band)
»4: Image (1 band)
b 5: Image (1 band)
»6: Image (1 band)
b 7: Image (1 band)
b B: Image (1 band)
»9: Image (1 band)
b10: Image (1 band)
+b1l: Image (1 band)
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var stack = mt.toBands();
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var training = ndvistack.sample({
region: table,
scale: 300,
numPixels: 5000 });
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var clustrer = ee.Clusterer.wekakKMeans(10).train(training);
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var result = ndvistack.cluster(clustrer);
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Map.addLayer(result.randomVisualizer(),{},’s3-map’);
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Map.centerObject(table);

Map.addLayer(table);
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var GFSAD = ee.Image(“USGS/GFSAD1000 V1”).clip(table);

var mapl

GFSAD.where(GFSAD.gte(1).and(GFSAD. 1te(2.0)),1);

var map2 = mapl.where(GFSAD.gt(2),2);
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Map.addLayer(map2);
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// Function to get image NDVI
var getNDVI = function(img){
var NDVI = img
.normalizedDifference([ ‘0al7_radiance’,’0a@8 radiance’])
.rename (“NDVI”’);
return NDVI;

}s

// Make start and end layers

var start = ee.Date.fromyMD(2018,01,01);
var months = ee.lList.sequence(0, 11);

var startDates = months.map(function(d) {
return start.advance(d, ‘month’); });
print(“Start dates”,startDates);

// Collect imagery by month

var monthmap = function(m){

var start = ee.Date(m);

var end = ee.Date(m).advance(1,’month’);

var date_range = ee.DateRange(start,end);
var S3Month = ee.ImageCollection( “COPERNICUS/S3/0LCI’)
.filterDate(date_range)

.filterBounds(table)

.map(getNDVI)

.map(function(img){return img.clip(table)});
return(S3Month.max());};

print(“monthmap”,monthmap);

var list of_images = startDates.map(monthmap);
print(‘list_of_images’, list_of images);

var mt = ee.ImageCollection(list _of_images).toBands();
print(“Monthly NDVI”, mt);
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var stack = mt.addBands(map2)

print(stack);
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var bn = mt.bandNames();

var training data = stack.stratifiedSample({
numPoints: 1000,

classBand: €‘landcover’,

region: table,

scale: 300});

var classifier = ee.Classifier.svm().train({
features: training_data,
classProperty: €‘landcover’,

inputProperties: bn});

var classified = mt.classify(classifier);

print(classified)

Map.addLayer(classified);
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Map.addLayer(classified);
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Map.centerObject(table);

Map.addLayer(table);
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var GFSAD = ee.Image(“USGS/GFSAD1080_V1”).clip(table);

var mapl

GFSAD.where(GFSAD.gte(1).and(GFSAD.1te(2.0)),1);

var map2 = mapl.where(GFSAD.gt(2),2);
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var getNDVI = function(img){
var NDVI = img
.normalizedDifference([ ‘0al7_radiance’,’0a@8 radiance’])
.rename (“NDVI”’);

return NDVI; };

// Make start and end layers
var start = ee.Date.fromYMD(2018,01,01);
var months = ee.lList.sequence(0, 11);

var startDates = months.map(function(d) {
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return start.advance(d, ‘month’); });

print(“Start dates”,startDates);

// Collect imagery by month

var monthmap = function(m){

var start = ee.Date(m);

var end = ee.Date(m).advance(1,’month’);

var date_range = ee.DateRange(start,end);

var S3Month = ee.ImageCollection( “COPERNICUS/S3/0LCI’)
.filterDate(date_range)

.filterBounds(table)

.map(getNDVI)

.map(function(img){return img.clip(table)});
return(S3Month.max().set(“system:time_start’,start.millis()));};

print (“monthmap”,monthmap);

var list of images = startDates.map(monthmap);
print(‘list_of_images’, list_of _images);
var mt = ee.ImageCollection(list_of_images).toBands();

print(“Monthly NDVI”, mt);
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var stack = mt.addBands(map2)

print(stack);

var bn = mt.bandNames();

var training_data = stack.stratifiedSample({
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numPoints: 1000,
classBand: f‘landcover’,
region: table,

scale: 300});

var classifier = ee.Classifier.svm().train({
features: training_data,
classProperty: €¢landcover’,

inputProperties: bn});

var classified = mt.classify(classifier);

2] Coluns duwlxo (O
colus cul o3 ¢ (600 Vo VA Jlw y0 (6555l (slb o) 839050 (40,5 yastine jl v
0315 ioled (6510905 LB )5 ) lyis gy ¢ s 5 (6305101 diliale g0t o]
Dl

var mask = classified.updateMask(classified.gte(1));

var mt = ee.ImageCollection(list_of_images);
var area_sen3_monthly = mt.map(function(img){

var sen3_mask = img.updateMask(mask);
var thr = sen3 mask.gte(9.3);
var sen3_mask2 = thr.updateMask(thr);

var area = sen3_mask2.multiply(ee.Image.pixelArea().divide(1000000));

return area

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });

print(ui.Chart.image.series(area_sen3 _monthly, table

, ee.Reducer.sum(), 300, ‘system:time_start’));
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Map.centerObject(table);
Map.addLayer(table);
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var uv = ee.ImageCollection(“COPERNICUS/S5P/NRTI/L3_AER_AI”)
.filterBounds(table)
.filterDate(2018-07-01’,°2019-02-01")

.select(‘absorbing aerosol_index’);
Vi by 5L (el jmsal FIA 45 duin o cdonSo iy 5o ol doess 31 S
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print(uv);

*ImageCollection COPERNICUS/SSE/MRTI/L3 BRER AT (418 elements)
type: ImageCollection
id: COPERNICUS/SSE/NRTI/L3_RER AT
version: 1598049058081620
band=: []
b features: List (418 elements)
' properties: Cbject (22 properties)

0 Jotiaw Lk 90,8 810950 80 1931y yuglas -V S0

gl Clppd5 g, Sl (¥
oais ol loj B3l b cliusgos bl 31y Jusg il lyass 1 85ke yloges 4SSl 51
& 55 «chart type jsiw 3 oolatwl b calspo 4ol 3 . 0uS oolisunl 45 (glaaS 5l e S punys
53508 5 8l slaylsys oy 313903 ol ol 3 0 ol 5l ypmy 13503
00lazwl b g coumys o oo dline width 3l eolatwl b . 45o,8 wulatiset options giwd
D s Y0503 50 0di0ld yiules blis 8315l cpoint size ;|

var chart = ui.Chart.image.series(uv, table, ee.Reducer.mean()

, 1000, ‘system:time_start’).setChartType(‘ScatterChart’)
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.setOptions({

title: ‘UV Aerosol Index Changes’,
hAxis: {title: ‘Time Series’},
vAxis: {title: ‘Aerosol Thickness’},
lineWidth: 1,

pointSize: 2

})s

print(chart);
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A B

1 |system:time_start absorbing_aerosol_index

2 |Jul11, 2018

3 [Jul11, 2018 0.969
4 |Jul 12, 2018 1.157
5 |Jul 13, 2018 1.227
6 |Jul 14, 2018 1.071
7 |Jul 15, 2018 0.577
& |Jul 15, 2018

9 |Jul 16, 2018 0.462
10 |Jul 18, 2018 0.323
11 |Jul 17, 2018 0.79
12 |Jul 20, 2018 0.169
13 |Jul 20, 2018

14 |Jul 21, 2018

15 |Jul 21, 2018 0.541
16 |Jul 21, 2018 0.737
17 |Jul 23, 2018

18 |Jul 22,2018 1.034
19 |Jul 23, 2018 1.031
20 |Jul 23, 2018

21 |Jul 24, 2018 0.793
22 |Jul 24, 2018

23 |lul 25, 2018 0.377
24 |lul 26, 2018 0.314
25 |lul 26, 2018

26 |lul 27, 2018

27 Jul 27, 2018 0.84
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// Make start and end layers
var start = ee.Date.fromYMD(2018,07,01);

var months = ee.List.sequence(0, 7);

var startDates = months.map(function(d) {
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return start.advance(d, ‘month’);

1
print(“Start dates”,startDates);
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var monthmap = function(m){

var start = ee.Date(m);

var end = ee.Date(m).advance(l,’month’);

var date_range = ee.DateRange(start,end);

var S3Month = ee.ImageCollection( “COPERNICUS/S5P/NRTI/L3_AER _AI’)
.filterDate(date_range)

.filterBounds(table)

.select(‘absorbing_aerosol_index’)

.map(function(img){return img.clip(table)});
return(S3Month.median()).set(‘system:time_start’,start.millis());};

print(”’monthmap”,monthmap);
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var list_of_images = startDates.map(monthmap);
print(€list_of_images’, list_of_images);
var uv = ee.ImageCollection(list_of_images);

print(“Monthly Aerosol”, uv);
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var uv_stack = uv.toBands();
Map.addLayer(uv_stack,{},”Aerosol”);
Export.image.toDrive({
image: uv_stack,
description: ‘uv_index’,
scale: 1000,
region: table,

maxPixels: 1e9});
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var cmo = ee.ImageCollection(“COPERNICUS/S5P/NRTI/L3_CO”)
.filterBounds (geometry)
.filterDate( 2018-11-01°,°2019-01-01")

.select(CO_column_number_density’);

a5

31 oolitol b 50 yhunedl O (gt lynis 3yglp Kal ceS1o5p ool 51 o0lizwl L
J>le ol plod ¢ olwl peo .l o21)8 h20_column_number_density Jsb

\.\.,.,S‘)>|).u Lg)Ml gi GG LgLa:o.)‘.) Lgl).g J.u‘gSL;o l) Ls“i’)"‘));’

55 SnSgige Oyt Jad 515905 dlgd (V
25 05 3 ol gl dilate )5 () SpunSsige s (SSls slo505 dls (<l



@
)b eyl @ sloylgala yaglas 531y (jlxe 5390 Y00
=/

(s yobods) 180 S5 g5 31 0 it (sl eSTa gy canl 588038 oo 00 lazu!
.JJ)‘.))}S).;)J@}L;S AG O
var chart = ui.Chart.image.series(cmo, geometry, ee.Reducer.mean()
, 1000, ‘system:time_start’);
print(chart);
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// Make start and end layers
var start = ee.Date.fromYMD(2018,11,01);
var months = ee.List.sequence(0, 4);
var startDates = months.map(function(d) {

return start.advance(d, ‘month’); 1});
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print(“Start dates”,startDates);

// Collect imagery by month

var monthmap = function(m){

var start = ee.Date(m);

var end = ee.Date(m).advance(1,’month’);

var date_range = ee.DateRange(start,end);

var S3Month = ee.ImageCollection( “COPERNICUS/S5P/NRTI/L3_CO’)
.filterDate(date_range)

.filterBounds(table)

.select(CO_column_number_density’)

.map(function(img){return img.clip(table)});
return(S3Month.median().set(‘system:time_start’,start.millis()));};

print (“monthmap”,monthmap);

var list_of_images = startDates.map(monthmap);
print(€list_of_images’, list_of_images);
var co = ee.ImageCollection(list_of_images);

print(“Monthly Aerosol”, co);

// make a stack from median carbon monoxide

var co_stack = co.toBands();
Map.addLayer(co_stack,{},”carbon monoxide”);

Export.image.toDrive({
image: co_stack,
description: ‘co_index’,
scale: 1000,

region: table,

maxPixels: 1e9})
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Google Earth Engine [ sentinet-5| “

Medora, Sentinel, ND 58645, USA
SENTINL BUTTE, Sentinel, ND 58654, USA

Sentinel-5P NRTI AER Al: Near Real-Time UV Aerosol Index
Sentinel-5P NRTI CLOUD: Near Real-Time Cloud Dataset
Sentinel-5P NRTI CO: Near Real-Time Carbon Monoxide Data
Sentinel-5P NRTI HCHO: Near Real-Time Formaldehyde Data
Sentinel-5P NRTI NO2: Near Real-Time Nitrogen Dioxide Data
‘Sentinel-5P NRTI 03: Near Real Time Ozone Data
Sentinel-5P NRTI S02: Near Real-Time Sulphur Dioxide Data
Sentinel-5P OFFL AER Al Offline UV Aerosol Index

more »
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Sentinel-5P NRTI 03: Near Real-Time Ozone ]

DESCRIPTION ~ BANDS  IMAGEPROPERTIES  TERMS OF USE

###Sentinel-5 Precursor

Sentinel-5 Precursor is a satellite launched on 13 October 2017 by the European
‘Space Agency to monitor air pollution. The onboard sensor is frequently referred to
as Tropomi (TROPOspheric Monitoring Instrument).

All of the S5P datasets, except CHa, have two versions: Near Real-Time (NRTI) and

Offline (OFFL). CHj is available as OFFL only. The NRTI assets cover a smaller area

Dataset Availability

2018071071 1:02:44 - true than the OFFL assets, but appear more quickly after acquisition. The OFFL assets
Dataset Provider contain data from a single orbit (which, due to half the earth being dark, contains
European Union/ESA/Copernicus data only for a single hemisphere).

Collection Snippet I}
peeti Because of noise on the data, negative vertical column values are often observed in
ce. InageColiection ("COPERNICUS/S

ST ma ) particular over clean regions or for low SO2 emissions. It is recommended not to
Tags - filter these values except for outliers, i.e. for vertical columns lower than -0.001
mol/m*2.
tropomi 03 ozone
e ) & The original Sentinel 5P Level 2 (L2) data is binned by time, not by latitude/longitude.
To make it possible to ingest the data into Earth Engine, each Sentinel 5P L2 product
esa  copemicus  sentinel
B o s converted to L3, keeping a single grid per orbit (that is, no aggregation across v

CLOSE
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Sentinel-5P NRTI 03: Near Real-Time Ozone @z

DESCRIPTION ~ BANDS  IMAGEPROPERTIES  TERMS OF USE

Resolution =
001 degrees
Bands Table
Name Description i
Total atmospheric column of O3 between
the surface and the top of atmosphere,
calculated with the [DOAS algorthm]
Dataset Availability 03_column_number_density (http://projects knmi.nl/omi/research
2018.07-10711:0244 - tue /product/product_generator php2info=algos.
Dataset Provider product=0zone8fiavour=OMDOAO3&

long=DOAS%20Total%200zone%20column).
European Union/ESA/Copernicus

Collection Snippet [T Weighted mean of cloudy and clear air
ee. InageCollection ("COPERNICUS/S 03_column_number_density_amf  mass factor (amf) weighted by intensity-
SB/NRTI/L3_03") weighted cloud fraction.

Tags
9 03 ring corrected slant column number
03_slant_column_number_density ‘
tropomi 03 ozone density
pollsion  airquality  eu
- 03_effective.temperature Ozone cross section effective temperature
esa  copemicus  sentinel

o
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modis vegetation “l

MYD13A1.005 Vegetation Indices 16-Day L3 Global 500m
MOD13A1.005 Vegetation Indices 16-Day L3 Global 500m
MOD13A1.006 Terra Vegetation Indices 16-Day Global 500m
MOD13Q1.006 Terra Vegetation Indices 16-Day Global 250m
MYD13A1.006 Aqua Vegetation Indices 16-Day Global 500m
MYD13Q1.006 Aqua Vegetation Indices 16-Day Global 250m
MOD44B.051 Terra Vegetation Continuous Fields Yearly Global 250m
MOD13A2.006 Terra Veegetation Indices 16-Day Global Tkm
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Map.centerObject(table);

Map.addLayer(table);
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var modveg = ee.ImageCollection( “MODIS/006/MOD13Q1’)
.filterBounds(table)
.filterDate( €2018-01-01",°2019-01-01")
.select(“NDVI’)
.map(function(img){
var id = img.id();
return img.multiply(@.0001).rename(id); })
.toBands ()
.clip(table);
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print(modveg);
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Export.image.toDrive({
image: modveg,
description: ‘modis-ndvi’,
region: table,
scale: 250,

maxPixels: 1e9});
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var vegseri = ee.ImageCollection(‘MODIS/©06/MOD13Q1’)
.filterBounds(table)
.filterDate( “2000-01-01°,°2019-01-01")
.select(“NDVI’,’EVI’)
.map(function(img){
return img.multiply(0.0001)

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(vegseri, geometry,
ee.Reducer.mean(),250, ‘system:time_start’)
.setChartType( ‘LineChart’)

.setOptions({

title: ‘NDVI series changes’,

hAxis: {title: ‘Time Series’},

vAxis: {title: ‘NDVI Values’},

lineWidth: 2,

curveType: ‘function’,

series:{

0: {color : ‘red’},

1: {color : ‘black’}}});
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var vegseri = ee.ImageCollection(‘MODIS/©06/MOD13Q1’)
.filterBounds(table)
.filterDate( ‘2000-01-01",°2019-01-01")
.select(“NDVI’)
.map(function(img){
return img.multiply(0.0001).rename( ‘ndvi’)

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });

var chart = ui.Chart.image.series(vegseri, geometry,
ee.Reducer.mean(),250, ‘system:time_start’)
.setChartType(‘LineChart’)

.setOptions({

title: ‘NDVI series changes’,

hAxis: {title: ‘Time Series’},
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vAxis: {title: ‘NDVI Values’},
lineWidth: 2,

curveType: ‘function’,
series:{

0: {color : f‘green’} }});

print(chart)

sl 0 001 ke & IS 55 S (glyn |3l ol s

NDVI series changes

ity

—— ndvi

NDVI Values

Time Series

ndvi ad b olpuss jlages -0 JSi

5181 el (0o YA B Yeoo Jho ¢ pped oyl 30 oolitwl 3y90 yuslas sloy 850
U830y Aol wis 50 i gl Foo 3l i aS o wualed (S soliwl print giws
S5y owd |y 1S pled g wS 0obilo 1y puguas Foo ool ST aS conl Jbs jo ool .09 o0
sl Joallygiss . 0S Bro loj (539, 0Le b win G Jlas ms plxl bl
el Qo) lS 55 oo Bzt sl eSTagp 505 sl B 5w ol y3 sasadly]

Lfigng.ﬂf(A
sl bld 4 1_modis_vegetation_series pU b (poo! &)l B8 Gls 3l jiso ol oS
el ]y Lo b 00,1386 le o Lo Ly ng AuS axslye QLS ybgyd doxius 4O (elylasy
http://girs.ir /product /google —earth —engine -book



@
)b eyl @ ) sloylgala yaglas o3loy (silmeysisa ¥IY
=/

o) o (Sloo Ol (b

eS13gy 31 ooliwl b cads g 39y (slod lpass 10905 45 canl o Bus ¢ i ol 4
o aalllas 350 ddlate b il S ol (gl 09 glySetl udle o) pelaw (Lo
D9 anayi 9 (SlgB8 Lod Wl 0905 ¢ s 5

axdlae b)g.o:\ib.fwgw‘(\

ly axlllan 590 ddlaie duslgs oo Louis c i 0310 ybjeel (LB (cla w0 oS jobjlen
axlllas 390 dilaie ¢ 15w ol )5 . 0sS Jasine (sSul 3l ool L L (slalais ygods
(P JS8) 4 oulais ol e 59y sl

Varish
wanly Sulgan Zard-e-Band  Lavasar|
wardij wlilg NIANARAN iy Olwls!

-55)
Tellow-g]
WL of

DEH
NARMAK
a
EKBATAN TOWN '
DISTRICT 13
5 : GLLS1 S =
anes) EAST TEHRANSAR
wl> g sl DISTRICT & Tehran
39h q aibue ol L DISTRICT 14 Dehtorkaman
2 | 1F ashia oSy e
Baghestan
wliwel a
m
65 £
& m
T
bashahr 65} 5
jplee Mehranabad 2 Toutak
Nasimshahr sblulgo Z g
s st £ Khavar Shahr

andllao 3yg0 dilaie sl -5 S

1S pulats |y 568 At CanBao «pj S 31 0Ll b ¢ yuasan
Map.centerObject(geometry,10);
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modis Ist|

MOD11A1.006 Terra Land Surface Temperature and Emissivity Daily Global 1Tkm
MYD11A1.006 Aqua Land Surface Temperature and Emissivity Daily Global 1km
MOD11A2.006 Terra Land Surface Temperature and Emissivity 8-Day Global 1Tkm
MYD11AZ2.006 Aqua Land Surface Temperature and Emissivity 8-Day Global 1km

Oxford MAP LST: Malaria Atlas Project Gap-Filled Daytime Land Surface Temperature
Oxford MAP LST: Malaria Atlas Project Gap-Filled Nighttime Land Surface Temperature
AG100: ASTER Global Emissivity Dataset 100-meter V003

MOD11A1.005 Terra Land Surface Temperature and Emissivity Daily Global 1 km Grid SIN
more »
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var modis = ee.ImageCollection( “MODIS/006/MOD11A2’)

.filterBounds (geometry)

.filterDate(2002-01-01’,°2019-01-01")

.select(“LST_Day_1km”,”LST_Night_1km”)

.map(function(img){

return img.multiply(0.02)

.copyProperties(img, [ “system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(modis, geometry, ee.Reducer.
mean(),1000, ’system:time start€);

print(chart);
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Band mean across images
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var region = ee.FeatureCollection([
ee.Feature(ee.Geometry(geometry),{label:’tehran’}),
ee.Feature(ee.Geometry(geometry2),{label:’tabriz’}) ]);
B Yoo¥ Jlo 31 (usmmnbos &340 40) i 53 oo g (glod yolaat lgalyd ol Yo
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var modis = ee.ImageCollection( “MODIS/006/MOD11A2’)
.filterBounds (geometry)
.filterDate(2015-01-01°,°2019-01-01")
.select(“LST_Night_1km”)
.map(function(img){
var scale = img.multiply(0.02);
var cel = scale.subtract(273.15);
return cel
.rename( ‘1st’)
.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
(slod ©lynds 3905 anys (Sl o IS 51 ¢ me) rlaw (slod joslas Slsa 351
1S 03lsl 335 9 RS ) o
var chart =ui.Chart.image.seriesByRegion(modis, region, ee.Reducer.mean(),
‘1st’, 1000, ‘system:time_start’, €¢label”’)
.setOptions({
title : ‘LST comparison between Tehran and Tabriz’,
vAxis : {title: ‘Temperature’},
hAxis : {title: ‘date’}});
print(chart);
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LST comparison between Tehran and Tabriz
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Map.centerObject(table);

Map.addLayer(table);
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var 1lst = ee.ImageCollection(“MODIS/006/MOD11A2”)
.filterDate( €2000-01-01",°2020-01-01")
.filterBounds (geometry)

.map(function(img){
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var bands = img.select(‘LST_Day_1km’,’LST_Night_1km’)
.multiply(0.02).clip(table);
return bands.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); 1});

print(lst);
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Map.addLayer(1lst.select( ‘LST _Day_1km’).mean(),

{palette: [‘blue’,’white’,’yellow’,’red’]},’heat_map _day’,false);

Map.addLayer(lst.select(LST_Night_ 1km’).mean(),

{palette: [‘blue’,’white’,’yellow’,’red’]},’heat_map_night’,false);
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var change = ee.ImageCollection(“MODIS/©06/MOD11A2”)
.filterDate( €2000-01-01",°2020-01-01")
.filterBounds (table)
.map(function(img){
var bands = img.select(‘LST_Night 1km’)
.multiply(@0.02).clip(table);
var time = img.metadata(‘system:time_start’)

return bands.addBands(time) })

.select(‘system:time_start’,’LST_Night_1km’)
.reduce(ee.Reducer.linearFit())

.clip(table);

print(change);
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Map.addLayer(change.select(‘scale’),

{palette: [‘blue’,’white’,’yellow’,’red’]},’change_temp’,false);
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var start = [50.923557595197124,35.72677446585781];
var end = [51.706333474103374,35.67101234589726];
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var transect = ee.Geometry.LineString([start,end]);
var temperature = modis
.filterDate( “2000-01-01°,°2020-01-01")
.filterBounds (geometry)

.map(function(img){

var day = img.select(‘LST_Day_1km’).multiply(0.02).clip(geometry);
var night = img.select(‘LST_Night_1km’).multiply(0.02).clip(geometry);

return day.addBands(night) }).mean();

var startingpoint = ee.FeatureCollection(ee.Geometry.Point(start));
var distance = startingpoint.distance(500000);

var image = distance.addBands(temperature);

var array = image.reduceRegion(ee.Reducer.tolList(), transect, 1000)

.toArray(image.bandNames());

var distances = array.slice(0, 0, 1);
var array = array.sort(distances);
var tempslice = array.slice(9, 1);

var distance = array.slice(0, 0, 1).project([1]);
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var chart = ui.Chart.array.values(tempslice, 1, distance)
.setChartType( ‘LineChart’)
.setSeriesNames ([ ‘LST_Day’,’LST_night’])
.setOptions({
title: ‘Tehran Urban Heat Island’,
vAxis: {title: ‘Average Temperature (K)’},
hAxis: {title: ¢‘Distance’},
interpolateNulls: true,
pointSize: O,
lineWidth: 1});

print(chart);
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var regl = ee.FeatureCollection(table)

.filter(ee.Filter.eq(‘region’,1));

var reg2 = ee.FeatureCollection(table)

.filter(ee.Filter.eq(‘region’,2));

var reg3 = ee.FeatureCollection(table)

.filter(ee.Filter.eq(‘region’,3));

var reg4 = ee.FeatureCollection(table)
.filter(ee.Filter.eq(‘region’,4));

var regions = regl.merge(reg2).merge(reg3).merge(regs);
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var 1lst = ee.ImageCollection(“MODIS/006/MOD11A2”)

.filterDate( 2015-01-01",°2020-01-01")

.filterBounds(table)

.map(function(img){

var bands = img.select(LST_Night 1km’)

.multiply(0.02).clip(table);

return bands.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });
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vartrend=ui.Chart.image.seriesByRegion(1lst, regions, ee.Reducer.mean(),

‘LST_Night_1km’, 1000, ‘system:time_start’,’system:index’);

print(trend);
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LST_Night_tkm values in different regions across images
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Map.centerObject(geometry,10);
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var modveg = ee.ImageCollection(“MODIS/006/MOD13A1’)
.filterBounds (geometry)
.filterDate( 2000-01-01°,°2019-01-01")
.select( NDVI’)
.map(function(img){
return img.multiply(0.0001)
.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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VCI = (NDVI - NDVImin)/(NDVImax - NDVImin)
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var vci = modveg.map(function(img){

var min = img.reduceRegion(ee.Reducer.min(),table,500).get( NDVI’);

var max = img.reduceRegion(ee.Reducer.max(),table,500).get( ‘NDVI’);

var index = img.expression(

“(NDVI-min)/(max-min)’

»{

‘NDVI’: img,

‘min’ : ee.Number(min),

‘max’: ee.Number(max),

}) .rename( ‘VCI’)
.copyProperties(img, [ ‘system:time_start’,’system:time_end’]);

return index; });
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var chart = ui.Chart.image.series(vci, geometry,
ee.Reducer.mean(), 500, f‘system:time_start’)
.setChartType( ‘ScatterChart”’)
.setOptions({
title: ‘Vegetation Condition Index’,
lineWidth: 1,
pointSize: 2});
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var 1lst = ee.ImageCollection(“MODIS/006/MOD11A2°)

.filterBounds(table)
.filterDate( €2008-01-01",°2019-01-01")
.select(“LST_Day_1km’)
.map(function(img){
var multiplied = img.multiply(0.02);
var unmasked =img.gt(-999).reduceRegion(ee.Reducer.count(),table,1000);
return multiplied.set(‘count’,unmasked.get(LST_Day_1km’))
.copyProperties(img, [ ‘system:time_start’,’system:time_end’]);
.filter(ee.Filter.neq(‘count’,0)); })
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TCI = (maxLST-LST)/(maxLST-minLST)
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var tci = lst.map(function(img){

var min = img.reduceRegion(ee.Reducer.min(),table,1000).get(‘LST Day 1km’);

var max = img.reduceRegion(ee.Reducer.max(),table,1000).get(‘LST_Day_1km’);

var index = img.expression(
“(max-LST)/(max-min)”’,

{ ‘LST’: img,

‘max’: ee.Number(max),
‘min’: ee.Number(min) });

return index

.copyProperties(img, [ “system:time_start’,’system:time_end’]) });
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var chart = ui.Chart.image.series(tci, geometry, ee.Reducer.mean(),
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1000, ‘system:time_start’);

print(chart);
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Map.centerObject(table);

Map.addLayer(table);
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var modis_aod = ee.ImageCollection( “MODIS/006/MODO8 M3’ )

.filterBounds(table)
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.filterDate( €2000-01-01",°2019-01-01")
.select(‘Aerosol_Optical Depth_Land_Ocean_Mean_Mean’)
.map(function(img){

return img.multiply(0.001)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(modis_aod, geometry,
ee.Reducer.mean(), 1000, ‘system:time_start’)

print(chart)
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// aod dataset

var modis _aod = ee.ImageCollection(“MODIS/006/MODO8 M3’)
.filterBounds (table)
.filterDate(“2000-01-01°,°2019-01-01°)
.select(‘Aerosol_Optical Depth_Land_Ocean_Mean_Mean’)
.map(function(img){

var id = img.id();

return img.multiply(0.001).rename(id); })

.toBands ()

.clip(table);

Export.image.toDrive({
image: mdois_aod,
description: ‘modis_aod dataset’,
scale: 1000,
maxPixels: 1el3,
crs: ‘EPSG:4326°,

region: table});
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var aod = ee.ImageCollection(“MODIS/006/MCD19A2_ GRANULES’)

.filterBounds (table)

.filterDate(2012-01-01’,°2013-01-01")

.map(function(img){

var band = img.select(‘Optical Depth 047’ ,’0Optical Depth ©55’)
.multiply(0.001);

var clip = band.clip(table);

return clip.copyProperties(img,[‘system:time_start’,’system:time_end’]) });

print(aod);
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var composite = function(collection, start, count, interval, units){

var sequence = ee.lList.sequence(0,ee.Number(count).subtract(l));
var origin_date = ee.Date(start);

return ee.ImageCollection(sequence.map(function(i){

var start_date = origin_date.advance(ee.Number(interval).multiply(i),units);
var end_date = origin_date.advance(ee.Number(interval).multiply(ee.

Number(i).add(1)),units);

return collection.filterDate(start_date,end_date).sum()
.set(“system:time_start’, start_date.millis())

.set(‘system:time_end’, end date.millis()); }))};
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var aod_monthly = composite(aod, €2012-01-01’, 12, 30, ‘day’);

print(aod_monthly);
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print(ui.Chart.image.series(
aod_monthly, table, ee.Reducer.median(), 1000, ‘system:time_start’)
.setChartType( ‘ScatterChart”’)

.setOptions({

title: ‘AOD changes over a year’,

vAxis: {title: ‘AOD Value’},

hAxis: {title: ‘Time’},

lineWidth: 1,

pointSize: 2, series : {

@ : {color : ‘black’},

1 : {color : ‘red’}

} D)
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var aod_monthly = composite(aod, €2012-01-01’, 12, 30, ‘day’).toBands();

Export.image.toDrive({

image: aod_monthly,
description: €AOD_Daily MODIS’,
scale: 1000,

region: table,

maxPixels: 1el3,

crs: ‘EPSG:4326°1%});
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var modis = ee.ImageCollection( ‘MODIS/006/MCD19A2_GRANULES’)
.filterBounds(table)
.filterDate(€2018-01-01’,°2020-01-01")
.map(function(img){
var dust = img.select(‘Optical Depth_©055°).multiply(0.001)
.clip(table).gt(1.9);
return dust.copyProperties(img,[“system:time_start’,’system:time_end’]);
}).sum()

.rename ( “frequency’);
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Export.image.toDrive({
image: modis.toDouble(),
description: €‘dust_frquency 2yrs’,
scale: 1000,
region: table,
maxPixels: 1el3,

crs: ‘EPSG:4326°1});
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var modis_et = ee.ImageCollection( ‘MODIS/006/MOD16A2°)
.filterBounds (table)

.filterDate( €2010-01-01",°2019-01-01")

.select(“ET’)

.map(function(img){

return img.multiply(0.1)

.copyProperties(img,[ ‘system:time_start’,’system:time_end’]); });
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var chart = ui.Chart.image.series(modis_et, geometry

,ee.Reducer.mean(), 500, ‘system:time_start’);

print(chart);
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// Make start and end layers
var start = ee.Date.fromyMD(2010,01,01);
var months = ee.List.sequence(0, 107);
var startDates = months.map(function(d) {
return start.advance(d, ‘month’); });
print(“Start dates”,startDates);
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// Collect imagery by month
var et_month = function(m){
var start = ee.Date(m);
var end = ee.Date(m).advance(1l,’month’);
var date_range = ee.DateRange(start,end);
var et = ee.ImageCollection(‘MODIS/0©06/MOD16A2°)
.filterDate(date_range)
.filterBounds(table)
.select(“ET’)

.map(function(img){return img.multiply(@.1)})
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.map(function(img){return img.clip(table)});

return(et.mean().set(“system:time_start’,start.millis())};

var et = startDates.map(et_month);
var et _datasets = ee.ImageCollection(et)
.toBands();
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Map.centerObject(table);

Map.addLayer(table);
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var modis = ee.ImageCollection(“MODIS/006/MODO9GQ’ )
.filterBounds (table)
.filterDate( €2015-07-01",°2015-08-01")
.select(“sur_refl_be1”,”sur_refl_be2”)
.map(function(img){
var scale = img.multiply(0.0001);
var ndwi = scale.normalizedDifference([“sur_refl b01”,”sur refl b02”]);
return ndwi; })
.median()
.clip(table);

Map.addLayer(modis)
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var water_mask = modis.updateMask(modis.gt(0.2));

Map.addLayer (water_mask, {palette:[ ‘blue’]});
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// pixel area
var area = water_mask.multiply(ee.Image.pixelArea());
var stats = arealImage.reduceRegion({
reducer: ee.Reducer.sum(),
geometry: table,
scale: 250,

maxPixels: 1el3});

print(‘water area ¢, stats, €‘square meters’);
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Use print(...) to write to this console.
water area JS0N
~Object (1 property) JSON
nd: 713232863.9791553
sgquare meters JSON
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var modis = ee.ImageCollection(“MODIS/006/MODO9A1”)

.filterBounds (geometry)

.filterDate( 2010-01-01",°2020-01-01")

.select(“sur_refl_be1”,”sur_refl_be2”)

.map(function(img){

var scale = img.multiply(0.0001);

var ndwi = scale.normalizedDifference([“sur_refl b01”,”sur refl b02”]);

var thr = ndwi.gt(0.1);
thr.updateMask(thr);
mask.multiply(ee.Image.pixelArea().divide(1000000.0));

var mask

var area

return area.copyProperties(img,

[“system:time_start’,’system:time_end’,’system:index’]); });
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print(ui.Chart.image.series( modis, geometry, ee.Reducer.sum(), 1000,
‘system:time_start’));
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Band sum across images
4,000

2,000

Band sum
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Image (labeled by system:time_start)
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Map.centerObject(table);

Map.addLayer(table);
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var modlandcover = ee.ImageCollection( “MODIS/006/MCD12Q1’)
.filterBounds (table)
.filterDate(2015-01-01°,°2016-01-01")
.select(“LC_Type2”)
.toBands ()

.clip(table);
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Map.addLayer(modlandcover,{min:0,max:15,
palette: [“lcodff’,’05450a’,’086a10’,’54a708",°78d203°,°009900°,
‘c6b044’ ,°dcd159’,’ daded8’ ,’ fbffl3’,’ b6ffo5°,°27FF87°,° c24f44° ,
‘ababa5’,’ff6d4c’,’fo9ffad’] });
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var modlandcover = ee.ImageCollection( “MODIS/006/MCD12Q1’)
.filterBounds(table)
.filterDate( €2000-01-01",°2018-01-01")
.select(“LC_Type2”)
.toBands()
.clip(table);
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Export.image.toDrive({

image: modlandcover,
description: ‘modis-landcover’,
region: table,

scale: 500,

maxPixels:1e9});
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Map.centerObject (table);

; (Map.addLayer(table
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var sst = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)
.filterBounds(table)
.filterDate(“2019-01-01",°2020-01-01")

.select(‘sst’);

Map.addLayer(sst.mean().clip(table),{palette:[ ‘#000000° ,°#621399°,° #0025ff’
, #19ffef’ ,’#0efflo’, ’ #f6ffle’, ’ #ffa62d’, ’ #ff1712° ]}, sst_mean’,false);

var chl = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)
.filterBounds(table)
.filterDate(€2019-01-01’,°2020-01-01")

.select(‘chlor_a’);

Map.addLayer(chl.mean().clip(table),{palette:[ ‘#000000° ,’#621399°,° #0025ff’

,#19ffef’ ,’ #0effl0’ ,’ #f6ffl6’, ’ #ffa62d’, ’ #ff1712°]1},’ chl_mean’,false);

var organic = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)

.filterBounds(table)
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.filterDate(“2019-01-01°,°2020-01-01")

.select(‘poc’);
Map.addLayer(organic.mean().clip(table), {palette:[ ‘#000000°,’ #621399°,"°
#0025FF’ , > #19ffef’,’ #0eff10’,’ #f6ffl6’,’ #ffa62d’,’ #ff1712° ]}, organic_

mean’ ,false);
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var sst = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)
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.filterBounds (table)
.filterDate(€2019-01-01",°2020-01-01")
.select(‘sst’)

.map(function(img){

var clip = img.clip(table);

return clip.copyProperties(img, [ ‘system:time_start’,’system:time_end’,’sys-
tem:index’]);});

print(ui.Chart.image.series(sst, table, ee.Reducer.mean(),1000, ‘system:time_start’));
var chl = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)
.filterBounds(table)

.filterDate(€2019-01-01",°2020-01-01")

.select(‘chlor_a’)

.map(function(img){

var clip = img.clip(table);

return clip.copyProperties(img,[ ‘system:time start’,’system:time end’,’system:index’]);});
print(ui.Chart.image.series(chl,

table, ee.Reducer.mean(), 1000,

‘system:time_start’));
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var sst = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)

.filterBounds(table)

.filterDate(°2018-01-01",°2020-01-01")

.select(‘sst’)

.map(function(img){

var clip = img.clip(table);

var time = ee.Image(img.metadata(‘system:time_start’))

return clip.addBands(time)
.copyProperties(img, [ ‘system:time_start’,’system:time_end’,’system:in-
dex’]);

}).select(‘system:time_start’,’sst’)

.reduce(ee.Reducer.linearFit())

.select(‘scale’);

Map.addLayer(sst,{palette:[ ‘#000000° ,°#621399°,°#0025ff’ ,’ #19ffef’,’ #0eff10
>, #feffle’ ,’#ffa62d’ ,  #ff1712° ]},’ sst _monitoring’,false);

var chl = ee.ImageCollection(“NASA/OCEANDATA/MODIS-Terra/L3SMI”)
.filterBounds(table)

.filterDate(°2018-01-01",°2020-01-01")

.select(‘chlor_a’)

.map(function(img){

var clip = img.clip(table);
var time = ee.Image(img.metadata(‘system:time_start’))
return clip.addBands(time)

.copyProperties(img, [ ‘system:time_start’,’system:time_end’,’system:index’]);
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}).select(‘system:time_start’,’chlor_a’)

.reduce(ee.Reducer.linearFit())

.select(‘scale’);

Map.addLayer(chl, {palette:[ ‘#000000° ,’°#621399°,° #0025ff’ ,  #19ffef’,’ #0eff10

’,#feffle’ ,’#ffa62d’ ,’ #ff1712° ]1},° chl_monitoring’,false);
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Map.centerObject(table);

Map.addLayer(table);
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var trmm = ee.ImageCollection( ‘TRMM/3B42’)
.filterBounds(table)
.filterDate(€2017-01-01",°2018-01-01")

.select(‘precipitation’);
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var chart = ui.Chart.image.series(trmm, table,
ee.Reducer.mean(), 1000, ‘system:time_start’)
.setChartType( ‘ColumnChart’);

print(chart);
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// monthly trmm precipitation

var trmm2 = ee.ImageCollection( ‘TRMM/3B43V7’)
.filterBounds(table)
.filterDate(€2017-01-01",°2018-01-01")

.select(’precipitation’);

var chart = ui.Chart.image.series(trmm2, table,
ee.Reducer.mean(), 1000, ‘system:time_start’)

.setChartType( ‘ColumnChart’);

print(chart);
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var region = ee.FeatureCollection([
ee.Feature(ee.Geometry(geometry),{label : ‘zanjan’}),
ee.Feature(ee.Geometry(geometry2),{label : ‘sari’}),1);
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var trmm2 = ee.ImageCollection( ‘TRMM/3B43V7’)
.filterBounds(table)

.filterDate(“2017-01-01°,°2018-01-01°)

.select(‘precipitation’);

var chart = ui.Chart.image.seriesByRegion(trmm2, region,
ee.Reducer.mean(), ‘precipitation’, 1000, ‘system:time_start’, ‘label’)

.setChartType( ‘ColumnChart’);

print(chart);
precipitation values in different regions across images
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var trmm2 = ee.ImageCollection( ‘TRMM/3B43V7’)
.filterBounds(table)
.filterDate(2017-01-01°,°2018-01-01")
.select(‘precipitation’)

.toBands()

.clip(table);

Export.image.toDrive({

image : trmm2,

description: ‘trmm-monthly’,
scale: 1000,

region: table,

crs: ‘EPSG:4326°,

maxPixels: 1e9});
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var gpm = ee.ImageCollection( ‘NASA/GPM_L3/IMERG_Ve6’)
.filterBounds (table)
.filterDate(€2017-01-01",°2017-04-01")

.select(“IRprecipitation’);

var chart = ui.Chart.image.series(gpm, table,
ee.Reducer.median(), 1000, ‘system:time_start’)

.setChartType( ‘ColumnChart’);

print(chart);
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Band median across images

Band median

04
02 1

L[ | |
0.0 1 | 14

2 9 16 23 February 2017 13 20 March 2017 13 20 April 2017

Image (labeled by systemtime_start)

d‘t\ub Yo ‘J:,)L’ Q‘M‘)lbw -5 ‘Jgfb

wilig) LRyl Syl ylo905 (4
o3l ines oBitunl s cloylsalo clmodls 3l Sy il slaosls iy lS 3l S
eo%ea Ve &3 31 il Dligy iyl 35Ty o1SCel T 51 03l b S sl chirps Jka
sl wal)d S
15 sloaS 31 chirps (sloools 51 oolizl b ailjs) byl clynis w9y zlySeaol (sl
129 oo 03wl
// chirps
var chirps = ee.ImageCollection(UCSB-CHG/CHIRPS/DAILY?)
.filterBounds (table)

.filterDate(2017-01-01°,°2018-01-01");

var chart = ui.Chart.image.series(chirps, table,
ee.Reducer.mean(), 1000, ‘system:time_start’)
.setChartType( ‘ColumnChart”’)

.setOptions({

title: ‘precipitation changes over a year (CHIRPS)’,
vAxis: {title: ‘precipitation mm/day’},

hAxis: {title: ¢‘date’},

series:{

@ : {color : ‘black’} }});

print(chart);
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precipitation changes over a year (CHIRPS)
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// persiann
var persiann = ee.ImageCollection( “NOAA/PERSIANN-CDR’)
.filterBounds (table)

.filterDate(2017-01-01°,°2018-01-01");

var chart = ui.Chart.image.series(persiann, table,
ee.Reducer.mean(), 1000, f‘system:time_start’)
.setChartType( ‘ColumnChart”’)

.setOptions({

title: ‘precipitation changes over a year (PERSIANN)~’,
VAxis: {title: ‘precipitation mm/day’},

hAxis: {title: f‘date’},
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series:{
@ : {color : ‘green’} }});

print(chart);
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Map.centerObject(table);

Map.addLayer(table);
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// garce mascon cri

var grace = ee.ImageCollection( “NASA/GRACE/MASS_GRIDS/MASCON_CRI’)
.filterBounds(table)
.filterDate( €2002-01-01’,°2018-01-01")

.select(‘lwe_thickness’);

var chart = ui.Chart.image.series(grace, table, ee.Reducer.mean()

, 1000, ‘system:time_start’);
print(chart);
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var regions = ee.FeatureCollection([
ee.Feature(ee.Geometry(geometry),{label: ‘urmia’}),

ee.Feature(ee.Geometry(geometry2),{label: ‘khozestan’})]);
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var grace = ee.ImageCollection( “NASA/GRACE/MASS_GRIDS/MASCON_CRI’)
.filterBounds(table2)
.filterDate( €2002-01-01’,°2018-01-01")

.select(’lwe_thickness’);

var chart = ui.Chart.image.seriesByRegion(grace, regions,
ee.Reducer.mean(), ‘lwe_thickness’, 10000, ‘system:time_start’,
‘label’);

print(chart)
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Iwe_thickness values in different regions across images
—— urmia —— khozestan
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Map.centerObject (table);

Map.addLayer(table);
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// soil moisture dataset
var smap = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table2)
.filterDate(€2017-01-01",°2017-04-01")
.select(‘ssm’)
.toBands()
.clip(table);
Map.addLayer(smap);
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Export.image.toDrive({
image: smap,

description: €‘surface-sm’,
scale: 1000,

region: table2,

maxPixels: 1e9});
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// subsurface soil moisture dataset
var smap = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table2)
.filterDate(€2017-01-01",°2017-04-01")
.select(‘susm’)
.toBands()
.clip(table);

Map.addLayer(smap);
Export.image.toDrive({

image: smap,

description: €‘subsurface-sm’,
scale: 1000,

region: table,

maxPixels: 1e9});
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var smap = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table2)
.filterDate( 2015-01-01",°2018-01-01")

.select(‘ssm’,’susm’);

var chart = ui.Chart.image.series(smap, table2, ee.Reducer.mean(),
1000, ‘system:time_start’);
print(chart);
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var smap = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil_moisture’)
.filterBounds(table2)
.filterDate( 2015-01-01",°2018-01-01")

.filter(ee.Filter.calendarRange(5,7,’month’));



67’\\\
)b eyl @ slolgala yoglas il (silxaysise T VY
=/

S pandS (63w, ST (O

505y 3ynlS 8)Ly0 ¢ udle Buizuiw (slaodld 3l eolawl b jLe 9 08 ol psw yo

51 o0litl b 45 sl o Bud ¢ 450 ol )3 - dib Cozuo @i (g5l Kl gl as

VeXe b Y010 sladlo s 8550 S e oy S (s sy b3
19 g0 03l 15 IS 5l elate s 39 il

var change = ee.ImageCollection( “NASA USDA/HSL/SMAP_soil moisture’)

.filterDate( €2015-01-01’,°2020-01-01")

.filterBounds (table)

.map(function(img){

var bands = img.select(‘ssm’).clip(table);

var time = img.metadata(‘system:time_start’)

return bands.addBands(time) })

.select(‘system:time_start’,’ssm’)

.reduce(ee.Reducer.linearFit())

.clip(table);

var change_map = change.select(‘scale’);

Map.addLayer(change_map);
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var ssm = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table)

.filterDate(2017-01-01’,°2020-01-01")

.select(‘ssm’)

.mean()

.clip(table);

var susm = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table)

.filterDate(2017-01-01°,°2020-01-01")

.select(‘susm’)

.mean()

.clip(table);

var correlation = ee.Algorithms.CrossCorrelation(ssm, susm, @, 9).clip(table).
select(‘correlationCoeff’);

Map.addLayer(correlation)
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var ssm = ee.ImageCollection( “NASA_USDA/HSL/SMAP_soil moisture’)
.filterBounds(table2)
.filterDate(€2017-01-01",°2018-01-01")
.select(‘ssm’)
.map(function(img){
return img.clip(table2)

.copyProperties(img, [ “system:time_start’,’system:time_end’]); });
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var vis = {
min: 3.0,
max: 20.0,

palette: [€@300ff’, €418504°, ‘efff07’, ‘efffo7’, ff0303°], opacity: 1};
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var calldvideo = ssm.map(function(img){ return img.visualize(vis); });
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Export.video.toDrive({
collection: call4video,
description: ‘soil_mois_video2’,
scale: 1000,
framesPerSecond: 5,

region: table2});
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Map.centerObject(table);

Map.addLayer(table);
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var ast = ee.ImageCollection(“ASTER/AST_L1T 003”)

.filterBounds(table)
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.filterDate('2000-01-01', '2020-01-01");

print(ast)
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Map.addLayer(ast.mean().clip(table),{bands:[ ‘B3N’,’B0@2’,’B01’]},’ast FCC’,false);
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var ast = ee.ImageCollection(“ASTER/AST_L1T_003”)
.filterBounds (table)
.filterDate( “2000-01-01°,°2020-01-01")
.filter(ee.Filter.calendarRange(7,9,’month’))
.select(‘Bo[4-9]°)
.filter(ee.Filter.notNull([ ‘GAIN_COEFFICIENT B@4’,’GAIN_COEFFICIENT B@5’
,”GAIN COEFFICIENT_BO6’,°’GAIN COEFFICIENT BO7’,°’GAIN COEFFICIENT_
BO8’,’GAIN_COEFFICIENT B09’1));
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var radiance = ast.map(function(img){
vargaind=ee.Image(ee.Number(img.select(“B04’).get( ‘GAIN_COEFFICIENT_Be4’)));
vargain5=ee.Image(ee.Number(img.select(“B05’).get( ‘GAIN COEFFICIENT B@5’)));
vargain6=ee.Image(ee.Number(img.select(BO6’).get( ‘GAIN_COEFFICIENT_BO6’)));
vargain7=ee.Image(ee.Number(img.select(“B07’).get( ‘GAIN_COEFFICIENT B07’)));

vargain8=ee.Image(ee.Number(img.select(B0O8’).get( ‘GAIN_COEFFICIENT B@8’)));
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vargain9=ee.Image(ee.Number(img.select(“B09’).get( ‘GAIN_COEFFICIENT B@9’)));

var b4

img.select(‘BO4’).multiply(gain4).clip(table);
var b5 = img.select(“B05°).multiply(gain5).clip(table);
var b6 = img.select(“B06’).multiply(gain6).clip(table);
var b7 = img.select(‘B07°).multiply(gain7).clip(table);
var b8 = img.select(‘BO8’).multiply(gain8).clip(table);

var b9 = img.select(‘B09’).multiply(gain9).clip(table);

var stack = ee.Image.cat([b4,b5,b6,b7,b8,b9]);

return stack});
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var radianceMean = radiance.mean().clip(table);

Map.addLayer(radianceMean,[],’radianceMean’ ,false);
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Map.centerObject(table);

Map.addLayer(table);
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var ast = ee.ImageCollection(“ASTER/AST_L1T 003”)
.filterBounds(table)
.filterDate( €2000-01-01’,°2020-01-01")

.filter(ee.Filter.calendarRange(7,9,’month’))
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.select(‘Bo[4-9]°)
.filter(ee.Filter.notNull([ ‘GAIN_COEFFICIENT B@4’,’GAIN_COEFFICIENT B@5’
,”GAIN COEFFICIENT B0@6°,’GAIN COEFFICIENT BO7’,’GAIN COEFFICIENT_

BO8’,” GAIN_COEFFICIENT_B@9’1));

print(ast)
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var radiance = ast.map(function(img){
vargaind=ee.Image(ee.Number(img.select(Bo4’).get( ‘GAIN_COEFFICIENT B0o4’)));
vargain5=ee.Image(ee.Number(img.select(B0O5’).get( ‘GAIN_COEFFICIENT _B®@5’)));
vargainé=ee.Image(ee.Number(img.select(“B06’).get( ‘GAIN_COEFFICIENT_B06’)));
vargain7=ee.Image(ee.Number(img.select(“B0O7’).get( ‘GAIN_COEFFICIENT_B07’)));
vargain8=ee.Image(ee.Number(img.select(“B0O8’).get( ‘GAIN COEFFICIENT B@8’)));
vargain9=ee.Image(ee.Number(img.select(“B09’).get( ‘GAIN COEFFICIENT B@9’)));

var b4 = img.select(‘B04’).multiply(gaind).clip(table);

var b5 = img.select(‘B05°).multiply(gain5).clip(table);
var b6 = img.select(‘B06’).multiply(gain6).clip(table);
var b7 = img.select(‘B07°).multiply(gain7).clip(table);
var b8 = img.select(“B08’).multiply(gain8).clip(table);
var b9 = img.select(‘B09’).multiply(gain9).clip(table);
var stack = ee.Image.cat([b4,b5,b6,b7,b8,b9]);

return stack});
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var radianceMean = radiance.mean().clip(table);

print(radianceMean)
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var alteration = radianceMean.expression(‘B4/B5’,

{“B4’ :radianceMean.select(‘B04’),’B5’ :radianceMean.select(B05’)});

Map.addLayer(alteration,[],’alteration’,false);
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// spectral index: muscovite

var muscovite = radianceMean.expression(‘B7/B6’,

{B7’ :radianceMean.select(“B07’),’B6’ :radianceMean.select(‘B06’)});

Map.addLayer(muscovite,[],’muscovite’,false);
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// spectral index: kaolinite

var kaolinite = radianceMean.expression(‘B7/B5’,

{B7’ :radianceMean.select(‘B07’),’B5’ :radianceMean.select(‘B05’)});
Map.addLayer(kaolinite,[],’muscovite’,false);

// spectral index: amphibole

var amphibole = radianceMean.expression(‘B6/B8’,

{“B6”’ :radianceMean.select(‘B06’ ), B8’ :radianceMean.select(‘B08’)});

Map.addLayer(amphibole, [],’amphibole’,false);

// spectral index: mgho

var mgho = radianceMean.expression(‘(B6+B9)/B8”’,

{“B6’ :radianceMean.select(‘B06’ ), B8’ :radianceMean.select(“B08’),
‘B9’ : radianceMean.select(‘B09°)});

Map.addLayer(mgho, [],’mgho’,false);

// spectral index: carbonate/chlorite/epidote

var car = radianceMean.expression(‘(B7+B9)/B8’,

{“B7’ :radianceMean.select(‘B07’),’B8’ :radianceMean.select(“B08’),
‘B9’ : radianceMean.select(B09°)});

Map.addLayer(car,[],’carbonate/chlorite/epidote’,false)
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Map.centerObject(table);

Map.addLayer(table);
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var ast = ee.ImageCollection(“ASTER/AST_L1T_003”)
.filterBounds(table)
.filterDate( ‘2000-01-01",°2020-01-01")
.filter(ee.Filter.calendarRange(7,9,’month’))
.select(‘Bo[4-9]°)
.filter(ee.Filter.notNull([ ‘GAIN_COEFFICIENT_B@4’,’GAIN COEFFICIENT B@5’
,”GAIN _COEFFICIENT_B06°’,’GAIN COEFFICIENT B@7’,’GAIN_COEFFICIENT_

BO8’,” GAIN_COEFFICIENT_B@9’1));
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var radiance = ast.map(function(img){

vargaind=ee.Image(ee.Number(img.select(“BO4’).get( ‘GAIN COEFFICIENT Bo4’)));

vargain5=ee.Image(ee.Number(img.select(B0O5’).get( ‘GAIN_COEFFICIENT B®@5’)));
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vargainé=ee.Image(ee.Number(img.select(“B06’).get( ‘GAIN_COEFFICIENT_B06’)));
vargain7=ee.Image(ee.Number(img.select(“B0O7°).get( ‘GAIN COEFFICIENT B07°’)));
vargain8=ee.Image(ee.Number(img.select(B0O8’).get( ‘GAIN_COEFFICIENT B@8’)));

vargain9=ee.Image(ee.Number(img.select(“B09’).get( ‘GAIN_COEFFICIENT_B@9’)));

var b4

img.select(‘BO4’).multiply(gain4).clip(table);
var b5 = img.select(“B05°).multiply(gain5).clip(table);
var b6 = img.select(‘B06’).multiply(gain6).clip(table);
var b7 = img.select(‘B07°).multiply(gain7).clip(table);
var b8 = img.select(‘BO8’).multiply(gain8).clip(table);

var b9 = img.select(‘B09’).multiply(gain9).clip(table);

var stack = ee.Image.cat([b4,b5,b6,b7,b8,b9]);

eturn stack});

var radianceMean = radiance.mean().clip(table);
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var bands = [‘Be4’,’Be5’,’B06’,’Bo7°,’B0s’, B9’ ];
var arrayImage = radianceMean.select(bands).toArray();
var covariance = arrayImage.reduceRegion({

reducer: ee.Reducer.covariance(),

maxPixels: 1el3,

scale: 30,

geometry: table});

var covarainceArray = ee.Array(covariance.get(‘array’));

var eigen = covarainceArray.eigen();
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var eigenVectors = eigen.slice(1,1);

var principalComponent = ee.Image(eigenVectors).matrixMultiply(arrayImage.

toArray(1));

var pcImages = principalComponent.arrayProject([0])

.arrayFlatten([[ ‘pc1’,’pc2’,’pc3’,’pcd’,’pc5’,’pc6’1]);

print (pcImages);
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Map.addLayer (pcImages, [],’ pcImages’ ,false);
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Export.image.toDrive({
image: pcImages,
description: ‘aster_pci_mineral’,
scale: 500,
region: table,
maxPixels:1el3,

crs: ‘EPSG:4326°1});
Lg)lwo)o.) Sy Doo ‘ng.»_ﬁ E)‘J.:l 4 ol Jmu) Sygods PCA).)chu sYL: .,\S)b
u.")a.cv)\) I W 'nl.’>u| ¢ gyl w—")—f@ﬁ)’ Cas yans &lef)lfu_,l ] 4

)_’9..4.’ (_SLOJ Y J&u))\) u\.wl.)).».p Yo A.’L’).«.w‘ LSLQO.)L) LS')" ‘J»L&A LS..)A.C)‘J..Q.A sLJ)9.A0
- Cawl 0 0010 Lo ol dwloe SNAP S li8le,5 50 aSPCA

i A

o] @yl 858 19PCA gl dddgo ds S yugai -V JS



@
)b eyl @ sloylgalopglas o3ly lmaysise TAMA
=/

syl38lpys 2 PCA 5l hols (slaadlio oSy pgat cdim oo ¥ S5 )0 &S jsb plen

g3y Syt CatsS 3l el &l S5 g cou Sipled & cons QliSwd co
1 Jols S5y CelaaSys  am3 e ol g o |y o oS gla lS crglis g ceal
|) o Bimo LS5 gla SIS S Sl claylible s (S5 pitansas )0 loadlio oS5

S olyd Cgllas yoboa
(5901 S (¥

ol dosos S gla 18 43 _aster_pea p b ool &yl 868 QLS 31 jaso (ol oS
O JS0ly craying s axlgo b b a8 a5l (150 10 55 &S Jy90 55 -
3 @hlasy Eso 4 ais 78) S ST 08 duslie diges STL 1) 093 uS &S
U oS plosaly b Lot b a3 oo yd Lo L ()T 43S dnrlye QS g 6 doeio

QLS gyb dombuo
http://girs.ir /product /google —earth —engine -book



)b eyl Sloglgaleyaglas jlos 3lmaygize ¥ AR

®

L sl o s 9 wJLo ch ¢ Cawdi] Lglo)b.a:Lo ):’9L43 sty..\s Lgl.tbufb”
SUS” hanl j3 a8 job plon apus sl SB- cosb) 5 ey o saoyiw ()b
yobo s |y 03l 6aS &S sl ol S 1] IS5 5 b piaal (5 ,sS0L byt < L
g J..Q‘Q.?u oD gaw Louts d‘).) uLS pJLE.A (Oygo u.)‘).a..c)-) ‘..\MS OIS yodumo

gty et 590l (sloelid Byl 51 ezl )l 85 (6uS0L 4 areaBlle 3]
S ey girs.ir ooy 311y ezl @)l 55 zolr (el 13315 oiS 0



O)lyes SIS 5l 593 5l o di>gal LDy (g2 (paans puol
3 (59 Sl Gyl > Gzl &)l JSo. 5 OLIS (gl e3i wgi g
42 y9 | plerican (silze sl Ghjgol Lol jl (-2 plg-ie
Yoo )'1 uil_'l'._i U.u)u 9 oA aisli b L:_u.l)lg Ol_.)j

ol (g1 8)lgole yiglal 413y dine) )3 (eSS Joaswe

= L

TCw| Jubs (JlwS 42 (glp QLS oyl

ol 03 aiabgi y93 5l irmiiw ao (ylaieddle g ()5 (glyo LLS (ol
ORj1n)— 3 31h8 5> Lajls ol =il cacy w0 Guli8l JLaid 4y a5 (g1, 3l
O3B L (yloj (32389 > A_idlg>( 50 9 Al awd (glo)lgdle ) sglas

S oslaiwl szl &yl J5oS 51 1L 1y

3w

bl j13)3 Cacpan

039 oSl

O3y sloylgale yglas I (Sl

293 | pleian (siloj gy (SNl (Slyidy

QLS (gl @iuw 4 (394 diuly

Aio3)a8 1381 Cadan ) (3943 diunlg

)23 9 Hliaind (sejg)y 5> esldiwl 6

Tl aizls ) lhe a2 4 QS ()l

i il (g)p—w (gl 8)lgdlo ) 3glai (b, gy LIS ol pd
3 (—ume S 9 (—ouldl (gL os)lgplo g orici w ylw g (udlo

0)9_10.) 0310 d_;ﬁl)l u_llh.n Cawl 82 a3l U.?J)g_o‘[ U_'l.i?.il L'."J)l d§9j
Canl ()25 9 (Hliaiad (51o)15 )5 eslaiwl a6 g 920 0)9))

Awloydy aemlye WWW.GIMS.IM Colw @ OUS ¢yl dug3 j9bsie @)






