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INTRODUCTION

Remote Sensing can be used to improve monitoring and management
for food security. This can be done through:

Focus Applications

Disaster 

Management

• Flood mapping and forecasting modeling

• Drought monitoring and early warning

Water 

Management

• Water balance analysis/Water use efficiency

• Ground water to surface water integration

• Satellite and in situ precipitation data merging

• Evapotranspiration measurement and monitoring

• Climate change impact analysis on water

Agriculture 

Management

• Crop and irrigation mapping

• Agriculture and water productivity

• Climate change impact on agriculture production

• Crop yield forecasting

• Locust monitoring



CropWatch

•Global Crop Monitoring System

ETWatch

•Evapotranspiration monitoring system

DroughtWatch

• Drought monitoring system



CropWatch Mission

CropWatch aims at improving food information
availability, quality and transparency
 To improve access to global information about the 

worldwide production of major cereals and soybean

 Serve as a science-based Chinese voice on global food 

security perception

 To provide additional, reliable information for developing 

countries to fight against hunger

 Offer cloud-based services



Province or State 

for large countries
Crop type proportion

National: 31 countries
In addition to previous indicators, crop cultivated 

area, time profile clustering

Regional: Major production zones
In addition to CWAIS, Vegetation health index, uncropped 

arable land, cropping intensity, and maximum vegetation 

condition index

Global: homogeneous crop mapping and reporting units
Using CropWatch Agroclimatic Indicators (CWAIs) for rainfall, air 

temperature, photosynthetically active radiation, and potential biomass

From agroclimatic

to agronomic 

indicators

From 25 km to 10m

CropWatch Hierarchical Approach



 4 scales

 Covering 31 main crop 

producing countries 

 Taking account of 80% of global 

production and exports

4 temporal resolution

 16 Days: NDVI, Crop condition 

 Seasonal：Agro-climatic 

indicators, CAL, VHI, VCIx

 Growing season：Area, Yield, 

Production

 Year: Cropping intensity

4 spatial resolution

 0.25°(Global)

 1km (7 MPZ, 31 countries, Sub 

countries)

 250m China

 30m/16m main production 

regions in China

CropWatch

CropWatch Hierarchical Approach

Arable land fraction   
Crop structure (China, USA, 
Australia, Canada, etc.)
Pest & disease

NDVI

Crop area

Time profile clustering

Global

6 Main 

Production 

Zones

30+1 Key  

Countries

Sub 

countries

Input

Vegetation Health Index

Uncropped Arable Land 

Cropping Intensity

Maximum VCI

Rainfall

Air temperature

PAR

Potential biomass 

Crop Production System 
Zones (CPSZ)
Climatically Indices (CI)

Agricultural pattern
Farming intensity 
Biomass trend

Cropland use intensity

Crop condition

Production, Yield

Cropland use intensity

Crop condition

Production, Yield

Phytosanitarycondition of 
crops (China)
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Global: 65 MRUs

PAR departure

Precipitation departure

Temperature departure

Biomass departure



Temperature cluster and profile

Cropped and uncropped map

Maximum VCI

Rainfall cluster and profiles

VHI minimum

6 MPZs - Cropping Intensity & Stress



Maximum VCI from Jan. to Apr. 2016

NDVI departure from 5 year average map and cluster (Jan. to Apr. 2016)

Crop condition development 

graph based on NDVI

31 Countries - Crop Condition



31 Countries - Production for 2016



NDVI departure from 5 year 

average map and cluster (March 

to October)

Maximum VCI from Jan to Apr

Sub-national - Crop Condition in North China Plain

NDVI development 



Food security early warning

• Cropped arable land fraction (CALF) represents the total 

cropping proportion at early growing stage

• Agro-meteorological risk index (AMRI) considering 

meteorological suitability for crops at different growing 

stage is used for yield alarming

Agro-meteorological 

risk index

August 2013

July to October 2015



Early outlook based on CropWatch



CropWatch Cloud System

CropWatch cloud system is composed of cropwatch processing, 

cropwatch explore, cropwatch analysis and cropwatch bulletin, it is a 

system of agricultural monitoring system.

The System is based on Alibaba E-MapReduce.



CropWatch-Processing



CropWatch-Explore-vector



CropWatch-Analysis

CropWatch Analysis is cloud collaboration documentation tool for the CropWatch 

teams or individual people from over the world analyzing their CropWatch 

indicators anywhere. It provides create document, allocate and manage tasks, 

monitor schedule and publish the document online functions. 

CropWatch Team All experts over the world

In November 2016 CropWatch bulletin (Vol. 

16, No. 4)，37 colleagues from 9 countries 

and 4 teams (Digital Agricultural Lab., Pets 

and disease team of RADI, 3DS 

company(price prediction), Agricultural 

Information Institute of CAAS(Grain and 

soybeans imports and exports in China)) 

have joined the Cropwatch analysis platform.



CropWatch-Analysis

Write and revise the analysis



CropWatch-Bulletin



Linkage of CropWatch and food security

 CropWatch can provide latest, near real time, transparency agro-

climatic and agronomic information.

 CropWatch is able to provide early warning.

 CropWatch provides a easy way to be customized into local

environment for interesting countries.



CropWatch

•Global Crop Monitoring System

ETWatch

•Evapotranspiration monitoring system

DroughtWatch

• Drought monitoring system



DroughtWatch



UN ESCAP Regional Drought 

Monitoring Mechanism

Services provided by RADI:

 Technical Assistance Service: to assist the pilot country to customize well

demonstrated agricultural drought monitoring methodology and models,

development of products and services that adapted to local conditions,

including different areas of a requested country.

 Satellite Data Service: to provide low- and medium-resolution satellite data

based products at near-real-time by responsible Service Nodes to requested

local service providers.

 Satellite Data Based Monitoring Service：to provide relevant interim

products and analytical services by responsible service nodes to requested

local service providers (LSPs) of less capable countries.



Customized for Mongolia

• Data management

(in-situ, statistics, Geotiff etc.)

• Data preprocessing

(RS data processing, composition)

• Indices calculation

• Drought monitoring

(by single index and combination 

indices, dashboard) 

• Statistics and analysis

(over the spatial, over time interval) 

• Batch for the whole procedure

• DroughtWatch3.1(English+Chinese)



Cooperative field campaign from 

27 July to 5 August of 2015 had been 

carried out in the large region 

covering main steppe type of north 

Mongolia.

The latest version of drought 

monitoring system (DroughtWatch3.1) 

had been installed and deployed in 

Mongolia.

January of 2015, hand-on training meeting for 

two Mongolians about two weeks, later hand-

on training meeting for two Mongolians about 

one month, the Chinese experts offered 

methodology and experiences about drought 

model validation.

February of 2014, Workshop on 

the Technology Service for 

Mongolia under the Cooperation 

Mechanism of Drought Monitoring 

for the Asia-Pacific regions

Training and workshop for Mongolia



Output products

Products Forms(database, 

tables, files, maps, charts, graphs)

 Drought map and 

comparison results 

 Spatial distribution maps

 Time change charts

 Drought classification graphs 



Drought system transfer to Sri Lanka

Drought in Sri Lanka

Mid-March 2014



CropWatch

•Global Crop Monitoring System

ETWatch

•Evapotranspiration monitoring system

DroughtWatch

• Drought monitoring system



Groundwater depletion in the world

Source: NASA

Source: UNEP

In most arid and semi-arid sub-basin in the world are suffering serious 

groundwater depletion. Where water gone? 

2000 2008

2011 2012 2013

Water surface shrinkage of Aral Sea



Evapotranspiration: the canopy transpiration and soil evaporation

 ET is the actual water consumption.

 ET is the important segment of  water circulation.

 ET is equally important to precipitation, hydrological observation.

ET



Aqua

FY3
FY2

Landsat

HJ，ZY-3

Envisat

Radarsat
GPS/BDS

ET Fusion Model ET with high spatial-and -temporal resolution 

Model for surface 

resistance

Surface resistance

 (Clear Day)

Daily surface 

resistance

Penman-Montieth

Daily ET

（ low resolution）

P-M invention 

Rn

Net 

Radiation 

Model

ET in Clear Day

(high and low resolution）

Soil Heat 

Flux 

Model

G0

Equation for surface energy balance

Water 

Vapor 

Model

Water vapor

Aerodynamic 

roughness 

length Model

Zom

Atmospheric 

boundary layer 

Model

Variables of ABL

Mountain area

Bare soil

Urban area

Water body

LAI

Soil moisture

Velocity of 

wind

Net radiation

Meteorological

data

ETWatch

Sensible 

heat flux 

Model

H

AIRS

Snow and ice

ETWatch – operational remote sensing model 



• Net-radiance model

• Soil heat flux model

• Aerodynamic roughness length model

• Atmospheric Boundary Layer model

• Vapor pressure deficit model

• Sensible heat flux model

• Surface resistance model: Daily Surface resistance (Rs)

• ET model on bare land

• ET model on water surface, snow and ice

• ET data fusion algorithm: data-fusion algorithm between high 

and low resolution data

Models in ETWatch



Aibi Lake 2009-2013

Turpan Basin 2006-2015

Three north region 2003-2009

Hai basin 1984-2013
Heihe River Basin 2000-2015

Beijing 2002-2010

Tianjing 2002-2008

Hebei 2002-2008

Application: ETWatch in China



Hai Basin: Allowable Water for Human Consumption

Total/P ACW/P

ETfor ETgra ETwet ETfal ETurb ETbar Total  (%) (%)

2001 94.69 25.35 14.54 2.35 31.51 0.91 0.2 74.86 79.06 0 19.83 20.94

2002 92.84 22.95 13.01 2.18 34.68 1.03 0.23 74.08 79.79 0.15 18.61 20.04

2003 130.4 30.68 17.68 2.58 34.67 1.07 0.29 86.97 66.68 0.83 42.64 32.69

2004 118.7 27.01 13.41 2.36 33.1 1.24 0.23 77.35 65.16 1.4 39.95 33.66

2005 109.3 24.42 12.16 2.3 33.53 1.24 0.19 73.84 67.54 1.04 34.44 31.5

2006 102.1 27.24 13.77 2.37 34.03 1.22 0.23 78.87 77.24 0.93 22.31 21.85

2007 112.6 27.13 14.43 2.26 34.71 1.27 0.24 80.04 71.08 0.92 31.65 28.1

2008 125.6 31.09 14.1 2.34 33.15 1.52 0.26 82.46 65.65 1.94 41.2 32.8

2009 113.8 28.91 13.07 2.39 31.62 1.45 0.27 77.71 68.31 1.59 34.46 30.29

2010 114.2 31.95 14.47 2.37 36.12 1.52 0.24 86.67 75.89 1.52 26.01 22.78

2011 115.8 29.62 14.22 2.33 34.98 1.52 0.27 82.94 71.61 1.84 31.05 26.8

2012 129.9 30.74 13.84 2.4 34.48 1.6 0.27 83.33 64.15 5.08 41.49 31.94

Average 113.3 28.09 14.06 2.35 33.88 1.3 0.24 79.92 70.52 1.44 31.97 28.21

Year P
Natural ET

Flowunc ACW

The average ACW from 2001 to 2012 for the

entire Hai Basin is 31.97×109m3yr-1, signifying

the average amount of water available for human

consumption in the basin.

unit: 109m3



Hai Basin: Water Balance Analysis

 For the period 2001-2012 this leads to average aquifer depletion in

Hai Basin of 5.23×109m3yr-1 based on actual outflow.

 Agriculture is largest water consumption sector.

unit: 109m3



Coverage of 

anniversary stalks

(wheat-corn)

The row spacing 

adjustment 

(wheat-corn)

Optimization of 

irrigation 

system(wheat)

Water saving 

and high 

yielding(wheat)

planting 

structure 

adjustment

Integrated

water saving 

of wheat and 

corn

Area /104km2 4.3 4.3 4.3 4.3 4.3 4.3

Water saving 

amount /mm
37.9 20-30 40-50 25-40 82 30-45

Water saving total 

amount /108m3 16.3 8.6-13 17.2-21.5 10.8-17.2 35.3 13-19.4

Scene 1 Scene 2

Wheat growing season controllable 

ET/mm 
187.9 Farmland controllable ET/mm 331.2 

Wheat fallow area /km2 26,000 Farmland fallow area /km2 15,000 

Proportion /% 24.8% Proportion/% 14.1%

Hai Basin: water saving potential

 The water deficit was 5.23 *109m3 from 2001 to 2012 in Hai basin; 

 The total water saving of integrated water saving measures was up to 1.94 *109m3;

 14.8% (24.8%) of cultivated land (wheat) need to be fallow. 



After Project

Before Project

 Evaluation of water consumption for water saving measures.

Water saving supervision: cropping pattern



Water Saving

 Water saving measure: Xijiahe, pipeline irrigation since 2005

 Since 2005, ET in Xijiahe is lower than Donliangezhuang in wheat growth season; 

But there is little difference in maize

Wheat

Maize

Pipeline

Water saving supervision: irrigation

 Evaluation of water consumption for water saving measures.



Well Water Retrivel Supervision 

Water supervision for an electric-

mechanism well

− Total/monthly allowable water use

𝑊𝑈𝑎 = σ𝑖=𝑐1
𝑐𝑛 𝐼𝑄𝑖 × 𝐴𝑖

WUa is the total or monthly retrieval water amount for

a well, IQi is the irrigation quota for crop I for

different period; Ai is the area for crop i. Irrigation

quota is calculated from the recommended irrigation

scheme.

− Water use control

The actual water retrieval could be monitored by

comparing with WUa, and provide the alert

information to control draft water for a certain

well.

Irrigation Scheme for grape

irrigation region

Well



Water saving supervision: farmer

 Including field location, area, crop types, farm name, water consumption, water source.



ETWatch for Egypt

Data statistics Database management System integration



New Action plan of China

Nov.11, 2016, water consumption 

and intensity control action plan 

was released by Chinese 

government.

Water resource management 

enters ET management period.  




