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1. Introduction

2. Food security

3. AquaCrop step by step
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Definition (World Food Summit, 1996)

Food security exists when all people, at all times, have physical and
economic access to sufficient, safe and nutritious food that meets their
dietary needs and food preferences for an active and healthy life.

sufficient

nutritious

safe
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AquaCrop The water productnvnty model

Mot 2012 - Environment and Crop
About Climate

Climate I—(‘ (None) Specify dimatic data when Running AquaCrop

& y : Crop
EEE A (-.I F r Growing cycle: Day 1 after sowing: 22 March - Maturity: 24 July
1111 q u a ~ r \J _l“) W Crop '—w:Au.T.CRO a generic crop

% Crop Water Productivity Model  papagement

_geton |16} Rainfed g
Start M) No spedific field management

Exit WMT.SOL Deep loamy soil
= ﬁ_m"—%ﬁ no shallow groundwater table

Land and Water Division /&) Simulation—  simulation period I—-Simulab’on period: From: 22 March - To: 24 July
&0
Food and Agriculture Organization of the United Nations Qﬁ ) ; )
1. i — Initial conditions ) Soil water profile at Field Capacity
= 4|—

\\\
7

N
Y,
I

Project —— —M No specific project
Field data W No field observations

O Exit Program |

* AquaCrop is the new Crop water productivity model of FAO.

* In menus, which are hierarchically organized (layers), a lot more parameters than in
CROPWAT can be adjusted
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With AquaCrop you can do:

1.

Yield assessment for single crops under full
irrigation/no stress conditions and under deficit
irrigation/multiple stress conditions.

Daily irrigation scheduling.

. Calculation of crop/weather scenarios

. Assessment of future crop scenarios under climate

change conditions (enhanced CO2)

. Simulation of many crop and soil variables

Salt balance

Production | Simulated ervironment |

ET water productivity

248 kog/m3ET)

’— Biomass

(

Yield
119 kg/m3(ET)

5‘00 mm ‘

Sum(lrri)

0 Scale

fime (day)

Dr —
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AquaCrop: The basic idea: Biomass = f(Sum(Transpiration/Et))
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Fig. 2. Relationships (a) between aboveground biomass and cumulative transpiration (3 Tr) and (b) between aboveground biomass
and cumulative normalized transpiration for reference-crop evapotranspiration [} (Tr/ET_)], during the crop cycle of sunflower
(under two N levels and up to anthesis), sorghum, wheat, and chickpea (redrawn from Steduto and Albrizio, 2005).

Sorghum (N1)

L J

4 Sunflower (NO)
4 Sunflower (N1)
o Wheat

¢ Chickpea

(b)

XTr (mm)

Above ground biomass production is a well
defined linear function of Transpiration
normalized with Et,,.

For C3 (weat, chickpea, rice,...) crops and for
C4 (sorghum, millet, maize, ...) crops this
functions are in a small slope range.

Aboveground biomass production

S(Tr/ET,)
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AquaCrop Scheme

Most important differences
from AquaCrop to CROPWAT:

CLIMATE Co;

RAINFALL|  teeeedf T ETo Es Ta
e Crop Coefficient is split in T t 1

evaporation and v ¥ 4 -

transpiration part ! [ 9,
| Y | * canopycover
e Transpiration amount of PHENOLOGY E [ Senescence [l
+

[——
S —
'y
emme el
ST eI
o !
D i
=
I=
n
un

&
. Runoff | 1 i ry A
crop is used to calculate T7T77N7 77 RT 77777777777 X7 77707777 A77 /A7 777777 |
. k4 o i
Biomass % ROOTS [depth) J : m :
e Via a Harvest Index (HI) a I Irrigation 28 (1)](2)] 3) B (4] E
: : T Airt t - H i
Yield is calculated from remperaRE -.G.e ' :
. ETo Reference evapotranspiration @ eemseesesssesms H
BlomaSS Ta Actual canopy transpiration
Es Soil evaporation m
gs Stomatal conductance SOIL WATER & SALT BALANCE

WP Water productivity coefficient Redistribution Uptake

HI Harvest Index ¥ Basic Scheme
€0, Atmospheric carbon dioxide Canpilla 1]
cuncanﬁraliun I:r'il,ger.:"r Of AquaCI'Op

Ks Stress coefficient
(1], [2], (3], (&), [B): Feedbacks/Feediorwards from water stress
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AquaCrop: Phenology

Description  Development l Production ] Biomass - stress ] Calendar ]
Crop development (no water, fertility or salinity stress)

Initial canopy cover ] Canopy development ~ Flowering and Yield Formation l Root deepening ] Temperatures ]

Length buildingupH @ [ e 59 days

Duration of lowering = 0[—— —  F-————————.in 29 days

100% -

CC

0% -

60% -

From day 1 after sowing to:
flowering
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maturity

potential
vegetative
growth

Determinancy linked with flowering (determinant crop)
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AquaCrop: Step 1: Simulation of Soil Water Balance

Soil Water Balance
Soil water

stress coefficient stored
soil water

e Amount of water stored in
the root zone simulated by
accounting for incoming and
outgoing water fluxes at its
boundaries.

e The root zone depletion
determines the magnitude
of a set of water stress
coefficients (Ks)

*
]

*

root zone
depletion
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AquaCrop: Step 2: Simulation of green canopy development (CC)

Variation of Green Canopy Cover (CC) throughout crop
cycle under non-stress conditions.

CCo: Initial Green
Canopy Cover

CCx: Maximum
Green Canopy
Cover

CGC: Green Canopy
Growth Coeff.

CDC: Green Canopy
Decline Coeff.

CGC,

sowing ggo, maturity

emergence

|4 canopy canopy
eXpansion ’
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AquaCrop: Step 2: Simulation of green canopy development (CC)

Simulation of CC when water stress builds up
during crop cycle

CC expansion:
Actual canopy cover

(water stress) Most sensitive process

Reference (Ccpot) to water stress:
Canopy development
(optimal conditions)

Canopy cover
(CC)

(a) no effect of water
stress on canopy
development

(b) water stress
affecting leaf
expansion
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(c) water stress

building up of water stress—> triggering early

canopy decline
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10 mm/day

Tr

0 Scale

gl #

CC

0

time [day)

20 _ 40 | 60 30 | 100 _ 120

Dr

— Omm
a0

100
150
200

SA
Flowering

Simulation of crop transpiration in function of rainfall or irrigation pulses
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AquaCrop: Step 4: Simulation of above ground Biomass

Core of AquaCrop growth engine: Biomass Production = f(Sum(Tr/Eto))
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AquaCrop: Step 4: Simulation of above ground Biomass

— Crop characteristics — |0 = E— - - S -
i

Description | Development I ET Production | “w'ater stressl Fertility stlessl Temperature stress | Calendar I

Crop production (no water and ferlility limits)

Water Productivity

Crop "W ater Productivity I Harvest Indes I

Crop Water Productivity (nnrmalized_fAudr_ETu an'd C'Olzd)f ]
wh=[17.0 2] gim2——————— Wl:l'?;i?l‘defgtm:tlioyr:r: 1105";3::;" Normalized fo r Eto an d C02
0170 tonfha I—I 70 % of WP . .
e 3 Adjustment of WP* for oil or
e} croEs ] 15-20 g.me M . .
Display * Relationship Transpiration - Biomass p rOte I n fOOd afte r fI Owe rl ng
—I:(" “ear [stmozpheric CO2 concentration) - WH* (a nt h e S i S) . Eg . S u n fI Owe r-
Biomass : C4 crops
.4 C3 crops
;L [ wield formation ] == ---=---------
Sum({Tr/ETo)

ﬂ Program settings = Main Menu E Save az |

U3 Cancel!

1|2 ton/ha

Biomass

K

time (day) | ‘ 20 ‘ 40 ‘ B0 , 80 . 100 ‘ 120
[ | | 1 | ] | | | ] ]
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above ground biomass 70
- i
. i
= i
_ HI
: @ 50 0
v % 1
L = e
Y = fy Hl, B E oo
L *u—j‘ B I
— H I o g 30 |
[
A A T 207-------mmm- e
- . T i L e
| | ™ 4
L
: reference y or ina . - (0 i B B A B e B e m .tim.e I(dlalyf; l—if‘ts‘.r Ia;ﬂhesis)
E Harvest Index % adjustment for inadequate photosynthesis |ag phase linear increase of HI
. ‘ ‘
: flowering y ield formation phy siological
(start y ield formation) maturity

adIUStment factor —— water stress betore yield formation (positive adjustment)

/ﬁ —— failure of pollination (negative adjustment)
adjustment depends water stress (Kspoun)

on timing and extent <—| heat stress (Kspoin)
of stress cold stress (Kspan)

Building up of reference
Harvest Index (HI0) from
L water stress during yield formation ﬂowerl ng tl ” phySIOIOglcaI
affecting leaf expansion (positive adjustment) m at u rlty fo r fru |t an d g ra I n
affecting stomata closure (negative adjustment) 5

producing crops.
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AquaCrop: De
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20 -
0
25 -
20 -

Biomass or grain yield (tha™)

60 -

15

10 4

AquaCrop Maize with default parameterization (no calibration)

Gainesville Florida
Full irrigation

Vegetative stress

Rainfed

Gainesville Florida
Full irrigation

B Biomass

O Grain yield
—— Simulated biomass
----+- Simulated grain yield

Vegetative stress

Rainfed
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AquaCrop: Input requirements

Climate

Crop

Fam

Soil

Management

Weather data collected at field or from agro-metrological stations

* Minimum and Maximum air temperature
P *ETo ‘

* Rainfall
* CO, concentrations

; Mauna Loa Observatory (Hawaii)

Calibrated and validated crop characteristics from data bank

ETo calculator

Adjust cultivar specific and less conservative parameters 4—'

Soil physical characteristics

*® Field observations
4— * Default values in data bank «¢ soil tlexture class

* Pedo transfer functions «

Field Field management practices
‘ * Soil fertility level
* Practices that affect the soil water balance
Irrigation management practices
Irrigation

* Determination of net irrigation requirement

_" 4— *® Specification of irrigation events

® Generation of irrigation schedule
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Food securi

\S

.,

Availability Access Utilisation Stability
production affordability food choice nat. disasters
droughts
conflicts
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