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Can
China

feed
itself?

�
W

orld’s largest developing 
country

�
Agricultural country to 
industrialized / m

odernized 
country
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China
�

Population: 1.4 billion, ~
1/5 of the w

orld 
population
�

Arable land area: 
�

Total: <
10%

 of the w
orld

�
Per capita: <

1/2 of the w
orld average

�
W

ater resources: 
�

Total: rank 5/6
thin the w

orld
�

Per capita: 28%
 of the w

orld average
�

One of the w
ater-deficient countries
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Im
balance

�
Precipitation
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Annualprecipitation



Im
balance

�
W

ater resources
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U
RBAN

 EAST
Populations have 
sw

elled
in the east—

w
ith its 

fertile land
and w

arm
er 

clim
ate—

as China 
has industrialized

R
U

G
G

ED
 W

EST
Though rich in resources 
like coal and oil, m

uch of 
the region is plateau
or desert. It is hom

e to 
just 6 percent of the 
population.



Sm
allfragm

ented
nature

ofChinese
farm

s

8



Com
pared

to
big

areas
by

center-pivotirrigation
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Food
security!!!

�
Broaden the sources of incom

e and 
reduce expenditure
�

Hydraulic engineering
�

W
ater-saving strategy
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W
aterdiversion:South–North

W
aterTransferProject
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W
aterdiversion:“HongqiRiver”Project12



W
ateruse

�
>

70%
 of fresh w

ater used in agriculture
�

M
ajority is used for irrigation

�
W

ater use coefficient is only ~
0.5 

–
Too m

uch w
aste!!!
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Dem
and

forirrigation
w

ater
�

Evapotranspiration 
(ET)
�

Dem
and for 

irrigation w
ater 

=
 ET –

precipitation
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Precipitation
–

totalsoilw
ater–

yield
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Best



Irrigation
foragriculture

in
China

�
Irrigation area: ~66 m

illion hectares =
 

~
1/2 of area of arable land

�
<

1/2 is conducting w
ater-saving irrigation16



Irrigation
in

ancientChina

17

Dujiangyan
(~

 256 BC): Irrigation and flood control project



Irrigation
in

ancientChina
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Droughts
and

floods
now

and
then

�
Lags behind in m

odern tim
es

�
Have to learn from

 others
�

W
ater use coefficient can be >

0.8

19



The
13th

Five-YearPlan
(2016-2020)

�
W

ater-efficient agriculture
�

Accelerate the im
plem

entation of regional scaled 
high-efficiency w

ater-saving irrigation projects, using 
w

ater-conserving m
ethods to increase crop 

production in the northeast, raise irrigation efficiency 
in the northw

est, address groundw
ater overdraft in 

the north, and reduce w
aste w

ater discharge in the 
south.

�
Increase the area of cropland m

aking use of high-
efficiency w

ater-conserving irrigation by 6.7 m
illion 

hectares, thereby raising the irrigation w
ater 

utilization coefficient to 0.55 or above.
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Irrigation
m

ethods
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Surface
irrigation

23

Furrow
 irrigation

Flood irrigation



Sprinklerirrigation
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Drip
irrigation
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Irrigation
m

anagem
ent

�
Lim

ited irrigation
�

Relationship betw
een yield and w

ater supply 
is not linear, or even m

onotone

�
unit yield

↓
, irrigation area

↑

26

W
ater consum

ption

Yield

Optim
ization



Irrigation
m

anagem
ent

�
RDI (Regulated deficit irrigation):  to 
m

axim
ize crop w

ater productivity (kg/m
³) 

instead of m
axim

izing the harvest per unit 
land

27

Optim
ization



RDI
�

Advantages
�

M
axim

izes the productivity of w
ater, generally w

ith adequate harvest quality
�

Allow
s econom

ic planning and stable incom
e due to a stabilization of the 

harvest in com
parison w

ith rainfed
cultivation

�
Decreases the risk of certain diseases linked to high hum

idity (e.g. fungi) in 
com

parison w
ith full irrigation

�
Reduces nutrient loss by leaching of the root zone, w

hich results in better 
groundw

ater quality and low
er fertilizer needs

�
Im

proves control over the sow
ing date and length of the grow

ing period 
independent from

 the onset of the rainy season and therefore im
proves 

agricultural planning
�

Constraints
�

Exact know
ledge of the crop response to w

ater stress
�

Sufficient flexibility in access to w
ater during periods of high dem

and 
(drought sensitive stages of a crop)

�
A m

inim
um

 quantity of w
ater for the crop

�
The risk for soil salinization is higher as com

pared to full irrigation
28



M
odeling

�
M

odeling and sim
ulation of the soil w

ater balance and 
related crop grow

th (crop w
ater productivity m

odeling) 
�

Influencing factors: clim
ate, soil, m

anagem
ent, crop 

characteristics
�

W
ith the m

odels, one can
�

better understand the m
echanism

 behind im
proved w

ater use 
efficiency

�
schedule the necessary irrigation applications during the drought 
sensitive crop grow

th stages, considering the possible variability 
in clim

ate
�

test RDI strategies of specific crops in new
 regions

�
investigate the effects of future clim

ate scenarios or scenarios of 
altered m

anagem
ent practices on crop production
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The
DSSAT

cropping
system

m
odel30



Neuralnetw
ork

m
odeling
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W
aterconsum

ption
in

differentstages32

Scheduling



�
Open problem

: 

�
strategy of RDI to im

prove w
ater productivity

�
M

odeling? Control? Optim
ization?
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Incorporation
ofartificialintelligence

Sensing

Cognition

Decision-
m

aking

34
from

 big data to know
ledge, and from

 
know

ledge to decision-m
aking



W
hatm

akes
agriculture

different?
�

Conditions are alw
ays changing from

 one 
section to another –

distributed
�

Unpredictable w
eather, changes in soil 

quality, pests and disease –
uncertainty

�
No tw

o environm
ents w

ill be exactly alike 
–

adaptability

35

To “algorithm
” agriculture

Precision agriculture



Sensing
�

M
easurem

ent of soil 
m

oisture content
�

TDR
(Tim

e Dom
ain 

Reflector), FDR (Frequency 
Dom

ain Reflectom
etry)

�
Devices:
�

M
ulti sensor capacitance 

probes (FDR) (a), 
dendrom

eterfor fruit 
diam

eter (b), plant w
ater 

potential (c), porom
eterfor 

stom
atal conductance (d), 

device for leaf 
photosynthetic activity (e), 
and sap flow

 and 
dendrom

eterfor trunk 
fluctuations (f)
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Sensing
�

M
easurem

ent of soil m
oisture content

�
TDR

(Tim
e Dom

ain Reflector), FDR 
(Frequency Dom

ain Reflectom
etry) 

�
Internet of things

->
                     ->

w
ireless netw

ork

�
Application of UAVs
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Cognition
�

Data analytics: capture, curation, storage, search, 
sharing, transfer, analysis, and visualization
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Cognition
�

Situation aw
areness

�
Soil m

oisture content m
onitoring 

�
Prediction of ET and precipitation

�
Know

ledge extraction from
 historians and 

w
ork logs

�
Cloud com

puting techniques
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Decision-m
aking

�
Integrated m

anagem
ent of w

ater and 
fertilizer
�

Reinforcem
ent learning and control for 

decision m
aking and optim

ization of 
w

ater-saving irrigation
�

Assessm
ent of treatm

ents
�

Incorporation of m
arket data
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Irrigation
control

�
Advanced process control: M

PC

41



Irrigation
control

�
M

odel-free reinforcem
ent learning control

�
M

arkov decision process
�

Crops grow
th process: a M

arkov chain
�

States: S={s1 , s2 , …
}

�
Actions: A={a

1 , a
2 , …

}
�

Rew
ard: r (si , a

j )
�

Policy
�

NetReturn
=

 crop yield * product price 
–

w
ater use * w

ater price
�

Tem
poral difference learning algorithm

 SARSA(λ)
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�
Am

ount of w
ater irrigated every tim

e
�

Fixed 
�

To target filling point
�

Any am
ount?
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NextGeneration
AI

�
A Next Generation Artificial Intelligence Developm

ent Plan, 
Released 2017
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Sm
art agriculture. Research and form

ulate sm
art agricultural 

sensing and control system
s, sm

art agricultural equipm
ent, 

autonom
ous tasking system

s for farm
ing equipm

ent across fields, 
etc. Establish and com

plete sm
art agriculture inform

ation rem
ote 

sensing and m
onitoring netw

orks integrating air, space, and land 
com

ponents. Establish agriculture big data sm
art decision-m

aking 
and analysis system

s, launch trials of sm
art farm

s, sm
art plant 

factories, sm
art pastures, sm

art fisheries, sm
art orchards, sm

art 
farm

 produce processing w
orkshops, green and sm

art farm
 product 

supply chains and other such integrated applications.
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Agriculture 
inform

ationization
Autom

atic 
irrigation

Intelligent irrigation



Open
questions

�
For sm

art or precision agriculture, in 
particular irrigation, how

 to extract 
know

ledge for situation aw
areness by big 

data analytics?
�

How
 to im

prove w
ater productivity by 

optim
ization and scheduling in RDI 

(regulated deficit irrigation)?
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Thank you for your attention!


