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Hindu Kush Himalaya

One of the world's largest mountain systems, source of 10 major Asian river systems and one of the
most biodiverse regions globally
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Motivation

In response to the six urgent actions for the HKH as well as AOGEOQO’s tasks on sustainable
agriculture, water resources, and ecological environment

HINDU KUSH HIMALAYA REGIONAL MEMBER COUNTRIES
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Resonating call for a mountain alliance for the Hindu Kush Himalaya — ICIMOD, 2018



https://www.icimod.org/resonating-call-for-a-mountain-alliance-for-the-hindu-kush-himalaya/

Motivation

The Ministry of Science and Technology of China launched the International Cooperation Special Project under
the National Key Research and Development Program:

“Remote Sensing Monitoring and Sustainable Development Assessment in the HKH”
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Objectives of the System

Create a data catalog for the key element datasets for
SDGs assessment.

Provide map visualization and download functions for
the all datasets in the system.

Provide multiple web-based online analysis functions
for these datasets.

Present sustainable development assessment results
in the HKH for the year 2000, 2010, 2020.

Build high accuracy Al model for efficiently and
accurately extracting water, forest and grass.

Implement a cloud-based pipeline for the on-demand

extraction of water, forest and grass from the EO data.

Data Sharing

Online Analysis

Assessment for SDGs

Al and cloud-based

Computing
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Catalogue
Query

Web Map layer
Download

Statistics chart
Spatio-temporal change map
Result download

6 assessment indicators
Assessment for the HKH
Assessment for every
country in the HKH

Freely select dates and
regions

Near real-time extraction
of land cover data



Key Element Datasets for SDGs

Category Dataset Name
Water Body Distribution dataset in the HKH for the year 2000, 2010, 2020 (30m)
Water Water Clarity dataset in the HKH for the year 2000, 2010, 2020 (30m)
Water Body Distribution dataset in the HKH for the year 2015 ~ 2023 (10m)

Crop Distribution dataset in the HKH for the year 2000, 2010, 2020 (30m)
Agriculture

Agricultural Biomass dataset in the HKH for the year 2000, 2010, 2020 (30m)

Fractional Vegetation Cover (FVC) dataset in the HKH for the year 2000, 2010, 2020
Forest & (30m)

Grass
Forest and Grassland Cover dataset in the HKH for the year 2000, 2010, 2020 (30m)

Online Status

Ready

Ready

Ready
(the year 2021)

Not ready

Not ready

Not ready

Not ready



Key Element Datasets for SDGs

Water Body Distribution dataset in the HKH (30m) — EO Source: Landsat
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Key Element Datasets for SDGs

Water

60.7286, 24.0419

Water Body Distribution dataset in the HKH for the year 2021 (10m)
— EO Source: Sentinel-2

Siling Lalge

{
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Key Element Datasets for SDGs

Water

Ours

(a) The true color image (b) Our lake extraction result

(¢) The GSW dataset (d) The overlay of (a), (b) and (¢)

Boundary comparison with JCR Global Surface
Water (GSW) data

(a) The true color image (b) Our lake extraction result

—

LS
L

Q Seasonal Permanest
S

(c) The GSW dataset (d) The overlay of (a), (b) and (c)

Missing small lakes comparison with JCR GSW data

&
@ Ours
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Key Element Datasets for SDGs

Sustainable Agriculture

N
A Distribution of Main Croplands in 2000 A Distribution of Main Croplands in 2010 A Distribution of Main Croplands in 2020

B cultivated land M cultivated land

houndary boundary

Cropland Distribution dataset in the HKH for the year 2000, 2010, 2020 (30m)
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Framework

Home

-- Sustainable Development Assessment Section --
-- Key Element Datasets Section --

-- Spatial-Temporal Analysis Section --

-- Users: Register/Login --

-- Regional Member Countries Section --

m Data catalog

m Temporal and spatial query

B Map visualization

H Data download

B Surface water distribution change
B Surface water area change
B Surface water coverage frequency
B Water body clarity change
B Good water quality change

Agriculture
W Cropland distribution change
M Grain yield change
B Land intensity change

m Proportion of water bodies with good water quality
B Change rate of surface water bodies

B Ratio of forest-grass coverage area

B Land intensity per unit of output

H Grain yield per unit of labor productivity

B Fractional Vegetation Cover (FVC)

Forest & Grass
B Fractional Vegetation Cover change

B Forest and grass distribution change

Regions
B HKH

B HKH countries

¢ Afghanistan ¢ Bhutan e India * Nepal

e Bangladesh ¢ China e Myanmar e Pakistan

Y
Data Analysis Assessment Computing
Water Indicators

Water extraction
Cropland extraction

Forest extraction

Grass extraction

)

cloud near real-time

Earth Observations
for Asia-Oceania
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Data Module

Data Catalog

Y

description

Y

category

A J

year

Y

Metadata region

Y

geographic extent

> resolution

author

I

organization

7R HKH SDGs

Home / Data

A Home il Assessment € Data @ Analysis [ Computing @ About 2 Account+

#awn v s

Large area; high resotution’and
geographical features.

Category
Water Clarity dataset in the HKH for the year 2000, 2010, 2020 (30m)

Water Water clarity is a descriptive term forlt This dataset describes how deeply visible light penetrates
through water. It is one of the most important water quality parameters, and is directly related to the
the suspended matter, planktonic algae, and colored dissolved organic matter in the water column....

Forest & Grass Organization: Aerospace Inf ion Research , Chinese Academy of Sciences
Author: Shanlonglu  Region: HinduKushHimalaya  Resolution: 30m
Agriculture Category: water  Year: 2000,2010,2020

Geographic Extent: 15.958°N - 39.319°N , 60.854°E - 105.045°E

Water Body Distribution dataset in the HKH for the year 2000, 2010,
2020 (30m)

This dataset is to describe the spatial distribution of in-a-year stable inland water bodies, including
both lakes and rivers in the HKH. Most of the surface water bodies in the region are concentrated in
the endorheic basin of Tibetan Plateau. A pixel with a pixel value of 1 is a water pixel, and a pixel val...
Organization: Aerospace Information Research Institute , Chinese Academy of Sciences

Author: Shanlonglu  Region: HinduKushHimalaya  Resolution: 30m

Category: water Year: 2000,2010,2020

Geographic Extent: 15.958°N -39.319°N, 60.854°E - 105.045°E
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Data Module

Data Query, View and Download

View

Base map Boundary

Data

Boundary shp

Data tile map

Google §

: Mapbox AN )
Download

Download subdivision | Download package

¥R HKH SDGs

A Home

il Assessment

Home / Data / Water Body Distribution dataset in the HKH for the year 2000, 2010, 2020 (30m)

Select Data

@ Selecta region

HKH Region »

Draw a polygon

| DRAW CLEAR

Select years
2000, 2010, 2020 v

Data Layer

Boundary
HKH Region
Data

2000
O — 0O ¢

2010
Q) —ia

2020

N,

Ngamring
County
»

€ Data B Analysis O Computing @ About 2 Account v

2010 2020 2000

w2000 ot 000N HIIN SOKOE SATE

el ZOOMIN  DOWNLOAD

Wear 220 vt 000N IS00TN J0NUE SHCE

[ ZOOMIN  DOWNLOAD
Nagqu
.
i S S S A ST
ZOOM IN DOWNLOAD
- s, S, S ST
X ZOOM IN DOWNLOAD
Sangri N rogten for 26
Shannang ,County. i
i v 220 AN MY
.
Qonggyai
County 4 ZOOM IN DOWNLOAD
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Analysis Module

B Surface Water Distribution Change B Cropland Distribution Change B Fractional Vegetation Cover Change
B Surface Water Area Change B Grain Yield Change B Forest and Grass Distribution Change
B Surface Water Coverage Frequency B Land Intensity Change |

B Water Body Clarity Change m .. |

B Good Water Quality Change " u

Developing Developing



Analysis Module

a

v

¥R HKH SDGs A Home il Assessment € Data @ Analysis [ Computing @ About 2 Account+

Home / Analysis / Surface Water Distribution Change Analysis

\

@ Selectaregion

Surface Water Area Change

1000 ] 9.22%

»

HKH Region - 750 : e

Draw a polygon

( DRAW j [ CLEAR j

Select years

500+

250+
2000, 2010 b

v
Data Layers

L negiun
L B a

Data
© 2000-2010
O ———— 0 ¢

Decrease

Increase

No change

4
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Analysis Module

¥R HKH SDGs A Home il Assessment € Data B Analysis [ Computing @ About 2 Account.

Home / Analysis / Surface Water Coverage Frequency Analysis

Select Data Surface Water Coverage Frequen Surface Water Coverage Change

S
«&  Shuanghu
.Coum_y

q 9.22%
@ Selectaregion 1000 (

HKH Region - 750 ERSE

Draw a polygon

(oraw ) cemr ) 500
Select years 250 -
2000, 2010 %

NoCounty,

a
HKH Region

Data ; Xainza

d 3 County!
2000-2010 1 4 .
O —— 0O ¢ -y T

. : Damxung
0 X p . A TE .Coun(y

7’ X
R
i f o
1 . - e ? 5O
i " o’
H - ‘

AR 3553 510070 ¢ 7 — ' m.,,,.n
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Assessment Module

Water Assessment

B Change rate of surface water bodies (for SDG 6.6.1)
This indicator is to reflect the change rate of surface water body area detected between the target year and the

base year.

Areatar et year Areabase ear
Change rate of surface water bodies = 9oy Y
Areabase year

B Proportion of water bodies with good water quality (for SDG 6.3.2)

It reflects the proportion of water bodies that are not harmful to ecosystem function and human health (with
water clarity > 0.5 m).

Areawater clarity=z0.5m
Proportion of water bodies with good water quality = y=
Arearegion

21



Assessment Module

Ecological Assessment

B Ratio of forest-grass coverage area
It reflects the proportion of forest land and grassland coverage to the regional coverage area, providing

information on forest and grassland distribution.

Areaforest / Grass
Arearegion

Ratio of forest — grass coverage area =

B Fractional Vegetation Cover (FVC)

It is the average of Fractional Vegetation Cover calculated in multiple years (such as 2000, 2010 and 2020),

providing information on forest and grassland greenness in the region.

ro FVC
Fractional Vegetation Cover (FVC) = k=0 k

n: number of pixels

22



Assessment Module

Assessment for Sustainable Agriculture

B Grain yield per unit of labor productivity

This indicator is measured in kilograms per person. The standard for the labor force population is the

population between the ages of 15-64 in the area.

Grain yield

Grain yield per unit of labor productivity = Number of labor force population

B Land intensity per unit of output
This indicator is used to reflect how much land area required to produce one ton of grain, and it is measured in
hectares per ton.

. . . Area land
Land intensity per unit of output =

Grain yield

23



Assessment Module

R HKH SDGs

Home / Assessment

HKH Region

HKH Countries v

China

Afghanistan

Nepal

Bhutan

Pakistan

Myanmar

India

Bangladesh

# Home il Assessment € Data B Analysis [ Computing @ About

Time Period: 2020 - TIME SERIES CHART

Water

Change rate of surface water bodies Proportion of water bodies with good
water quality

11.35% 92.35%

This indicator is to reflect the change rate of surface It reflects the proportion of water bodies that are not

water body area detected between the target yeara... harmful to ecosystem function and human health...

Ecological Environment

Ratio of forest-grass coverage area Fractional Vegetation Cover (FVC)

19.94% 37.61% 50.85 %

Forest Grass
It reflects the proportion of forest land and grassland It is the average of Fractional Vegetation Cover

coverage to the regional coverage area, providing... calculated in 2000, 2010 and 2020, providing...

2 Account ~

Earth Observations
for Asia-Oceania
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Assessment Module

TR HKH SDGs

Home |/ Assessment

HKH Region
HKH Countries ~
China
Afghanistan
Nepal

Bhutan

Pakistan

Myanmar
India

Bangladesh

# Home il Assessment € Data

Time Period:  None

B Analysis O Computing

TIME SERIES CHART

Water

Change rate of surface water bodies

200
10%

0

-10%- \\5/
-20%+

2000 2010

2020

This indicater is to reflect the change rate of surface

water body area detected between the target year a...
e

Proportion of water bodies with good
water quality

o /
T5%

50%

25%

0%t r 1
2000 2010 2020

It reflects the proportion of water bodies that are not

harmful to ecosystem function and human health...

—

Ecological Environment

Ratio of forest-grass coverage area

40% —
308
20%, 4 —]
109
0% T
2000 2010 2020

It reflects the proportion of forest land and grassland

coverage to the regional coverage area, providing...

)

Fractional Vegetation Cover (FVC)

60% |
45% e —
0%+
15%+
0% T ]
2000 2010 2020
Itis the average of Fractional Vegetation Cover
calculated in 2000, 2010 and 2020, providing...

@ About

& Account ~
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Computing Module

Technical Framework of Near Real-time Land Cover Data Extraction

Open EODataonCloud . = Open Source RSand GIS = Deep Learning Models - | Visualization Library |
3 P Libaries . L 3
aWS Semantic | Sequence | -
| GoogleCloud GDAL GEOS Segmentation Model Model gdal2tiles D3
P Space-time Multi-source
|:, STAC Open ‘ GeoPandas Ll o coupled model Fusion Model i Leaflet

Al Model-driven Land Cover Data Extraction Pipeline

B Temporal and Data Preprocessin Band Prediction Image Time Map
Y Spatial Query Download P 9 Composition Stitching § Composition § Visualization

CIoudComputlng """""""""""""""""""""""""" |
i Container Images Elastic Computing Simple Object Storage API Gateway E
' Containers Auto Scaling Elastic File Storage Serverless Service .
E Al model Computing Storage Interface '
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Computing Module

Practice on Near Real-time Surface Water Body Extraction in the HKH

B Microsoft Planetary Computer (Free) m Elapsed time for a single image :
« GPU: 1 NVIDIA T4 16GB « Elapsed time: 1 min and 30 secs
« VvCPU: 4 cores « Download and preparing data for Al model: about 10 secs
« Memory: 28 GB « Prediction time: about 1 min and 20 secs

« Disk storage: 15 GB

m Region: HKH

m EO Data: 7661 Sentinel-2 images
« Time period: July to Oct 2021
« Cloud cover: <= 20%

O Total Elapsed Time: 192 hours (8 days)

27



Earth Observations
for Asia-Oceania

Computing Module

Near Real-time Surface Water Body Extraction in the HKH

On-demand trigger > Event-driven trlgger
REST
WWeb API request trigger . trigger IGI incoming
Website Amazon Amazon Lambda Amazon S3 .
API Gateway open earth datasets
Start the task
build & push Pull
container image container image obtain data
Application docker Amazon ECR Amazgn ECS

B Starting time of Serverless Service program

 Cold-start: approx. 3~4 mins

s s O

g Amazon EC2 with GPU (Auto Scaling) ;extfa'zgzﬁnrii“s

e Hot-start: second

B Test results on Amazon Cloud:

Spot Instance Approx.
Instance type number Cost

g5.xlarge NVIDIA A10 24 GB 4 16 GB 48 1.5 hour $50

GPU type GPU Mem

Elapsed Time

g4dn.xlarge NVIDIA T4 16 GB 4 16 GB 48 4 hours $60
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Future Work

B Data production for SDGs monitoring, including:
« 10-m water body distribution dataset in the HKH for the year 2015 ~ 2023

« 30-m Agricultural Biomass dataset in the HKH for the year 2000, 2010, 2020

B Make all the key element datasets available in the system, and add more analysis

functions, including:
« cropland, forest, grass distribution and area change
e vegetation cover change, cropland biomass change

B Achieve near real-time extraction for water, cropland, forest, grassland from

Sentinel-2 imagery by using Al model and cloud computing infrastructure.

B The entire system will be completed by the end of 2023 and the system will go live

In February 2024.
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