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CropWatch Cloud

CropWatch is a satellite-based hierarchical method of crop monitoring, with indicators of agro-
climatic, agronomics, area, yield and production, earlier warning

Release Quarterly and annually bulletins on global crop monitoring, covering 173 countries and
regions down to provincial scales, with special focus on 47 key agricultural countries
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2022

Global Ecosystem and Environment Observation
Analysis Research Cooperation (GEOARC)

Outlook for Crop Production and Contribution of
Multiple Cropping & Irrigation

Natianat Hamota Sasig Cartar of G,

CropWatch-Pro

* An online tool for people to produce crop
monitoring products at any time and anywhere.

CropWatch-Explore

 An online interface for people to explore and
analysis all the crop information data easily.

CropWatch-Project

« An online platform for people to create and
write the crop bulletin.

CropWatch-Bulletin

» An webpage for people to read CropWatch
bulletin.

www.aircas.ac.cn



Auto data fetching and preprocessing
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Auto preprocessing

Data processing _ Interactive
Standard algorithm component

*Temperature *Agro-climatic risk *Clustering
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CropWatch Components

= CropWatch-Pro: to produce crop indicators at any time and anywhere
= CropWatch-Explorer: to explore and download crop information
= CropWatch-Analysis: to analyze crop information jointly or individually

= CropWatch-Bulletins: an web page for release bulletins, and methods

O o © o

CropWatch Pro € CropWatch Explorer CropWatch Analysis CropWatch 184§

X2 =

cloud.cropwatch.com.cn




Component 1: CropWatch Processing

£ \

m CropWatch Processing offers an auto-processing chain from pre-processing of raw data to
production outlook
m CropWatch generates 32 agro-climatic, agronomic, early warning indicators, and crop
production (area, yield) and early warning,
m Droughtindices are included, spi, spei, vci, tci and vhi, cdwi,

i : Agro- Agronomic " Production

» Data conversion * PAR * NDVI * Yield

» Temperature development
* Rainfall * Real Time
 Biomass development

 Cluster

* Area
* Production

* Projection and transformation
* Vector to Raster

* Merge

* Clip

* Resample

* Band-combination

» Spectral-merge

» Temporal and spatial merge

cas.ac.cn




Crop Areas

A

AIR

= Crop area information needs field data

m  CropWatch integrates crop area estimation with geo-statistics & crop mapping
> The CPTP method in complex agricultural landscapes (66%)

> Transfer learning methods are integrated to reduce the reliance on in situ data (34%)
Crop type area = Cropland area * UEC * cropping proportion * crop type proportion

Database (land-use data, field-survey data, statistical data, etc.)
v
transect sampling
= Crop type ”
R ——— P typ | W
proportion " DY
C ro p "/:;yw*’w:,;@b'“ ¢ C r O p ; i
Planting N Aacreage
Stratification full coverage | ——
> Planting
proportion




Area estimates at fragmented areas

AlIR
Fully automated objects identification from massive photos by integration of multiple deep learning networks

« Currently major crops such as wheat, soybean, rice, maize, rapeseed could be precisely identified

o + Crop.type proportion
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Crop type proportion sampling

AIR

China: Millions of samples collected every year =,
Global application: More than 20 countries already o

adopted the tools and sampl}

o

™ UNCTAD Innovation @UNCT... -20h

v/ #Kenya completed the first field study
on crop growth monitoring and yield
prediction, under the #UNCTAD-#China
Academy of Science #CropWatch
Innovative Cooperation
Programme.unctad.org/project/cropwa...

Vi LN
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Unbiased estimating coefficient for existing cropland datasets
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AIR
Due to both scaling effect and classification errors, we proposes a method for accurately

estimating cropland area using the unbiased estimating coefficient (UEC) from existing
cropland datasets

 Sentinel-2 L2A

l

Quality assurance

l

Monthly composit(

l

Reprojection

3m Planet

_______________

et P UEC value

© TInput - < 0-34
Process 0.34 - 0.58

- OQOutput . = N 0.58 - 0.76

> 0.76
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Sentinel-2
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High resolution crop type monitoring services
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Crop Condition

= adopting NDVI adjustments characterizing crop rotations or interannual
phenological shifts, and this omission results in misleading information.
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Crop Condition by separating
A Irrigation and rainfed fields

= Improve condition monitoring by separating irrigated and rain-fed arable land

~4—2005  ~@—2008

——2005 ~&- 2008

- _ . irrigated
- rainfed Wet year: 2005 4 g N

o Normal year: 2008 .. / \

§(|,;(l r : - ’ ” ‘/ \‘\
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The difference of crop condition between rainfed and irrigated fields: Because
of sufficient water, crop condition and production remain stable in irrigated areas,
while they fluctuate between wet and dry years in rainfed areas.
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A Seasonal maximum vegetation condition index

AIR

B VCIx is designed to eliminate the impacts of the crop phenology shifts between years
and at different latitude
m VCIx compares peak of vegetation index profile with the historic peak over the same growing season

m VCIxisatrange of [0, 1], where the high values are better crop condition and low values indicate
worse crop condition

0.7
0.6
0.5
0.4 \
0.3
0.2
Mar Apr May Jun
—2013 —2014 2015 —2016

NDVImaX _C_NDVImln _h

VClx=



A Yield models

= Yield prediction component is the — ——

weakest component in crop monitoring e . P P (8) Rogreslonpnodl
_ (d) Data driven model b : X; : Weather
> VI saturation leads to poor performance when Machine learning - NDVI, EVI,GCVI, VHI

predicting yields, especially in dense or Se——a 2
irrigated crop regions. B T
> VIs have not precisely captured crop yield .
determinants, especially under extreme
climatic conditions.
> The uncertainty of current crop growth

models makes it difficult to scale up to
facilitate operational yield predictions.

=

Yield = F(X)+€

T et

e (D) Biomass and harvest model

Biomass model

— [Weather] &
" :1._ ~’_. [Vegetation], € ST

Yield = Biomass x HI €—

\ -:_ 1 'J_ [Geolocation] ’
. [Sonl]
SN BARIES \ I \

. "Bl 7 HI: Harvest Index:
= 4 types yield models are developed and §&s ¥ ': SN 2 = S AT E Ao )
integrated into CropWaitch to reduce the Sg#ye ;]" e ;.:,/”r,;\.f,;/ ,, v
uncertainty of yield prediction yallt g Process "~ (c) Crop growth mode ot ‘,',
' | b P Yield = Model(Weather, Soil, Vegetation, =l
g Agro climate ;:?:g:g:gl 4 ?., Fert;izzt(ione,?;e:tr, Mgnagee?re:;tt)on ‘
> VIs

* 1

> Biomass-harvest
> Machine learning www.aircas.ac.cn



AIR

« A light use efficiency model
environmental factors and the characteristics of vegetation

to calculate crop biomass

« Harvest index is simulated by crop growth model under

stress

APAR

LUE

Water
stress

a:ZNPPxprI

Yield =

CASA Model

NPP

x 1072

1—w

A\ Blomass - harvest index model for yield

was used to integrate

*--

Simulation

= 52 LW

Simulate
biomass
partition

ing

—>

2018-022018-03 2018-04 2018-05 2018-06

using crop
_growth model

Harvest
index

Yield

NPP (x, 1) = APAR (x, 1) X e (x, 1)

v

:j\§§?=(kg/h) 4290 [0 | 4339 [C



Function: ML or DL
X: climate, soill, veq,

management variables at

different phenological stage.

Tllinois
Indiana

Towa

Kansas
Michigan
Minnesota
Missouri
Nebraska
North Dakota
Ohio

South Dakota

Wisconsin

Planted

Emerged Blooming Setting Pods Dropping Leaves

Harvested

06/01 07/01 08/01 09/01 10/01
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i Data preprocessing
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A\ Early warning indicators

= 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

= Crop production index (CPl), integrating cropping area, condition,irrigation,
Intensity, productivity

risk index

pr—

0.5
-

CALF



Component 2: CropWatch Explore

CropWatch-Explore explore and visualize data products in vector, raster, global,
country, districts, crops, indicators....

: CropWatch-Explore 3
Visual
Type
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Component 3: CropWatch Analysis

CropWatch Analysis is cloud based participatory platform for individuals or team from over the
world analyzing CropWatch indicators for the global, a country or I0A to better use local
knowledge.

It provides create document, allocate and manage tasks, monitor schedule and publish the
document online functions which let people over the world finish their documents together on
the cloud platform.

CropWatch Team Experts across the world
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Component 4: CropWatch Bulletin

Provide global crop report as pdf or html format

F

Updatas Bulletin Mathodology blications Contact Us

22 Home > Buletin > February 20 Aateh Sulletin (Vol 19. No

February 2019 CropWatch Bulletin (Vol. 19, No. 1) Al bulesns >
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ervice modes

36 Thaland &

m Customization of CropWatch and/or development of CMS for
specific needs (Mozambique)

BW I UsE > = 3 TTLLLL

cowrstheharvestof the malce cup a5 wel s the planing of secon sedsar ce(ryseston. Acconding o the
agrodimatc dicators. Thaand experienced weter s cole weathertha usua i h moritorig perod ith sbove-average ainfall RAIN
2 ghtly b < temporature (TEMP 03 n (RADPAR 0%), As a re: e indicators, a slight increase in
<rop blomass peoduction povntial wes estmated (BOMSS +3%). The valmu!un,a.euuuphnd n Thailand is approximately 22.5% It is located
in the central region of Thailand. Therefore, rainfall is important for crop growth

The NDVI development graph demonstrates that the erop conditions were generally below the 5-year average during the whole monitoring
period. The large negative departures are artifacts, caused by cloud cover in the satellite images. The temperature was ma he 15-year
average although the temperature from November to December was shightly higher than unusual. The rainfall was high at the beginning of
Octabtr and o enc ofthe Noverber 2022 when i eschedleves close tothe 15-yese marimum, Subsecuenly. 1 fllowed the 15YA, Accrding
1o the NDVI departure clustering and the corresponding profiles, crop conditions were generally close to average on 65.5% of total arable
located inthe northeac, astern cantral S Some area It the northerm reglon. I the ather reglons, cloud cover i the satelte Images affected
the trends.

At the national level, most of the arable land was cropped during the season (CALF 99%).  VCIx values were around 086, The Crop Production
Index (CP) i Thailand was 1.05. CropWatch estimates that the crop conditions were close to average.

This monitoring period

m data processing engine and download for local services
(Thailand)

Regional analysis

The regional analysis below focuses on some of the already mentioned agro-ecological zones of Thailand, which are mostly defined by the rice

cultivation typology. Agro-ecological zones inciude Central double and triple-cropped rice lowlands (187), the South-eastern horticulture

area (188), the Western and southern hill areas (189), and the Single-cropped rice north-eastern region (190)

Comgared fo the 15YA, and wefter conditons. +3%) was

atove average accompanied by kower temperatures (TEMP -0.3°C) and higher rainfak (RAIN +30%). These contitons ed to a slighlly above-average

csimete for BIOMSS (BIOMSS +1%). The NDVIdevelopment oaph shows thelcrop condibons were befow fh fr-yest serage fo mot of e ron

period except for January. s was the moderale VCIx value of 0.83. Overall, conditions were sighty below average

eiparshrs TEMP -0.7°C)ard cchnn (RADPAR 2% wers bk avange accorpure by
the NDVI de raph. however.

Indicators for the South-eastern horficulture area show tha t
higher rainfall (RAIN +21%). This led 1o & sightly sbove-aversge estimate for BIOMSS (BIOMS! jeop
the crop conditions were sightty below average during this montoring period except in early Jaruary. The Vi was 8080, All ra cononm e siightly
below average.

Agrocimatic indicators show that the conditons In the Western and Southern Hills were siightly below average: radiation (RADPAR -29%) and temperature
(TEMP -0.1°C) wera below average, whia the raintall (RAIN, +29%) was above average. Tha average weather condifions kod to & 3% ncreasa in BIOMSS.
According to the NDVI development the crop conditions were sgn#icantly below average. According t the VCIx value of 0,89, crop conditions were
assessed as below aversge.

m independent analysis for a country or IOA (Argentina,
Cambodia, Mongolia)

In the Single-cropped rice north-eastern region, the temperature was below average (TEMP while radiation (RADPAR +3%) and ranfall (RAIN
47%) were above average. Al the: ors led 1o an increase in potential biomass (BIOMSS +3%). According to the NDVI development
A s o clom el o evingn ke i ocebomit YCH vk o .. e rop condis rm crmicaend el

dicat

Figure 3.41 Thailand's crop condition, October 2022- January 2023,
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(3) Pranclogy of major crops
" ” £y 1 y

m Reducing the cost and technical barrier of establishing CMS

b) Crop condition development graph based on NDVI <) Maximum VCI

Wu F, et al. Environmental Modelling and Software , 2021; Wu B, et al. National Science Review, 2023



Tools for ground truth data collection
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AlIR
m The field data collection prevents most systems have crop area and yield components

m Cost, labor and time consuming

m Two tools developed for free use

m GVG app for crop identification and FieldWatch for yield measurement with image

recognition

Obj ct detector model
[ CSPRepResNet

05*—{? @ LB cad| B
C4 — 9 ® s cal

ica* @ Paiml i
||

(et O e i kg
ld'i“.ﬂ‘ﬁ £ i 5'% fu‘h} i \.‘ =
FieldWatch for yleld data measurements GVG Crop type identification from geo- tagged photos
www.aircas.ac.cn




FieldWatch for yield data collection
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AIR

s With the support of the DL model, the number of ears/m2, and seed number per ear,
size of seed are determined for crop yield estimation with accuracy of 92%

= FieldWatch supports disease identification, parcel crop condition and production
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Agro-climatic Indicators
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Irrigated Cropland Mapping

£ \

AIR
m  Mapping the extent of irrigation with the NDVI differences between irrigated and non-irrigated

croplands under water stress;

m The irrigation area at a 30-m resolution is 23.4 % of global cropland in the period 2010-2019,
with an overall accuracy of 83.6 % globally

m Separating regular and intermittent irrigation

: Rainfed Cropland 1’2
Threshold o 012 024 036 048 060 072 084-35% -24% -12% 0O d ; . T«
: < Yo B Irrigated Cropland

Demand [N 1 [ [ [ v/ :
MZs

Method RIR (NDVI Difference) RIO (NDVI Deviation) No Cropland




Agro-climatic Indicators
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AUsers to conduct crop monitoring on your own

m CropWatch provide solutions for users to carry out self-serviced crop monitoring by selecting their
preferred indicators, models for the user’s area of interest, allowing users actively involved from
remote sensina data nrenaration to the final synthesized analysis

/@\
] LD
HEEEAPP N7,
\ E Microservice
BAZEIRR|APP Proc-ess
engine
Smart APPs &
providing ground e T T Q
truth data support =
AF1 LEIILEr User-defingd roi, indicators, models and self-calibration

Dockerization Edge computing mode

EEEEE v" Computation on user devices, enabling users allocate

computing resources for high-performance tasks.

Algorithms

in Docker User devices Data retained locally, protecting user data sovereignty.



Field-based high resolution crop type mapping

Field level crop map
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A Outlines

= Overview of CropWatch

= Updates
> Service modes
> New tools for field data collection
> Baseline dataset
> User defined crop monitoring

m Conclusion remarks




m Promoting ownership

CropWatch Vision

m Customized according to the specific demand for each country and work as a
national/regional system

m Respecting privacy and data sovereignty

m Providing crop monitoring APIs to address the data sovereignty

m Countries will strengthen the agricultural monitoring capacity on their own
s Reducing constraints

m Cloud based system assessable from internet everywhere without investment on
computing infrastructure, storage, etc



A Take home message

Website http://cloud.cropwatch.com.cn/

GVG APP: https://gvgserver.cropwatch.com.cn/download (Android)
https://apps.apple.com/py/app/gva%E5%86%9CYUE6%83%85%E9%87%87%EI%9
B%86/id1244686128 (10S)

FieldWatch APP:
https://play.google.com/store/apps/details?id=com.wisewoods.xtt&pli=1

CropWatch Knowledge Package on GEO Knowledge
Hub: https://gkhub.earthobservations.org/packages/pps5h-ea276

Archive bulletins: http://cloud.cropwatch.com.cn/site/bulletin

Research publications: http://cloud.cropwatch.com.cn/publications/index

Email address: cropwatch@aircas.ac.cn www.aircas.ac.cn


http://cloud.cropwatch.com.cn/
https://gvgserver.cropwatch.com.cn/download
https://apps.apple.com/py/app/gvg%E5%86%9C%E6%83%85%E9%87%87%E9%9B%86/id1244686128
https://apps.apple.com/py/app/gvg%E5%86%9C%E6%83%85%E9%87%87%E9%9B%86/id1244686128
https://play.google.com/store/apps/details?id=com.wisewoods.xtt&pli=1
https://gkhub.earthobservations.org/packages/pps5h-ea276
http://cloud.cropwatch.com.cn/site/bulletin
http://cloud.cropwatch.com.cn/publications/index
mailto:cropwatch@aircas.ac.cn

A Openly shared datasets

Global cropland mask @30m: https://data.casearth.cn/thematic/cbas_2022/158

Global cropping intensity @30m: https://doi.org/10.7910/DVN/86M4PO
https.//data.casearth.cn/thematic/cbas_2022/160

Global irrigation proportion @100m: https://doi.org/10.7910/DVN/HKBAQQ
Global crop area, yield and production: https://doi.org/10.7910/DVN/G1HBNK
Synthesis of Global ET: https://doi.org/10.7910/DVN/ZGOUED

Africa Cropland Layer: https://doi.org/10.6084/m9.figshare.13520141.v1

www.aircas.ac.cn


https://data.casearth.cn/thematic/cbas_2022/158
https://doi.org/10.7910/DVN/86M4PO
https://data.casearth.cn/thematic/cbas_2022/160
https://doi.org/10.7910/DVN/HKBAQQ
https://doi.org/10.7910/DVN/G1HBNK
https://doi.org/10.7910/DVN/ZGOUED
https://doi.org/10.6084/m9.figshare.13520141.v1

Workshop on advancing satellite-based crop monitoring to increase resilience @UN I

in the face of global food insecurity, 2-5 July 2024, Nigeria &Egg!,?mem

Thank you!

Contacts:
WUbf@a'rcaS'aC_'Cn Aerospace Information Research Institute(AIR)
cropwatch@radi.ac.cn Chinese Academy of Sciences(CAS)

zhangmiao@aircas.ac.cn
WWW.aircas.ac.cn

Lam@a‘d
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