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Nexus land use model - NLU

Potential yields presently calculated by LMPmL
=> can be calculated by ORCHIDEE CROP

Biophysical parameters
- Potential yields of 11 crop functional types (1999-2003 mean on a 0.5x0.5° grid)
- Feed composition & feed conversion into livestock outputs (2000)

- Outputs
Scenario v - Cropland area
- Population - Intensive pasture area
- Calorie consumption per capita Nexus Land-Use - Extensive pasture area
- Animal calories in food diet Cost minimisation under Supply/Demand - Crop yield
- Agrofuel production equilibrium on food and agrofuel markets - Fertiliser and pesticide
- Deforestation area consumption in agriculture
- Fertiliser and pesticide price - Trade of food
- Calorie/Land prices

From STIMUL task 1

Data for calibration and initialisation
- Actual yields of 11 crop functional types (1999-2003 mean on a 0.5x0.5° grid)
- Global land cover (2000)
- Production, trade and uses of edible calories (2001)
- Consumption of fertiliser and pesticides by the agricultural sector (2001)

From STIMUL partners (farm scale data / NUTSO Eurostat ? )

All the presentation is based on NLU as in the Souty et al. publication GMD 2012



Potential yields

Concept is a bit fuzzy, can be approximated by “ maximum attainable yield
under current climate and breeding technology”

Conversion from mass to calorie is done by NEXUS averaged across all crop
types (11) of LPJmL — Do we need an update to account for nutritional
quality, i.e. preference for some crop types?

Can “potential yield” be calculated from a fully irrigated run of ORCHIDEE
crop ? — Answer is YES in principle
Should it account for future climate and CO, ?



Potential yields : from LPJmL to ORCHIDEE-crop

Potential yields in LPJmL

LPJmL describes crop production with 11 CFTs on a
0.5° x 0.5° grid representing most of the cereals (4 CFT),
oil seed crops (4 CFT), pulses, sugar beet and cassava with
irrigated and rainfed variants (Table 3). Crops not included
in LPJmL CFTs (e.g. sugar cane, oil palm, fruits and veg-
etables, etc.) are referred to as other crops. Climatic poten-

tial yields y’T ; in tons of fresh matter per hectare and per

year (tons FMha~! yr=!) are computed by LPJmL for each
of the 11 CFTs with irrigated and rainfed variants, at each
grid point of global land area (1 subscript), by setting man-
agement intensity parameters in LPJmL such that crop yield
is maximized locally. Climatic potential yields are taken as

a mean of five LPJmL simulation years between 1999 and
2003 in order to minimise the climatic bias due to interan-

Actual yields in LPJmL

3.1.2 Actual yields computation in LPJmL

CFT actual yields yécg.‘fa} in tons EMha~! yr~! are computed
by LPJmL in the following way. First, LPJmL yield is deter-
mined, with an arbitrary intensity level of 5 for each grid
point and averaged over the 1999-2003 period (intensity
level is represented by the parametrisation of LAImax, aa
and HI and ranges from 1 (low) to 7 (high, depending on the
CFT)). Then, for each CFT and each country, a scaling coef-
ficient is computed, such that the mean country yield matches
the FAQ yield over the same period. This mean country yield
is calculated using annual fractional coverage of each CFT in

Geosci. Model Dev., 5,1297-1322, 2012

nual variability.

Management intensity is approximated in LPJmL via 3 pa-
rameters: (i) LAImax, the maximum leaf area index poten-
tially achievable by the crops, representing general plant per-
formance (fertilisation, pest-control), (ii) aa, a scaling factor
between leat-level photosynthesis and stand-level photosyn-
thesis, which accounts for planting density and homogeneity
of crop fields, and (iii) the harvest index HI, which deter-
mines the partitioning of accumulated biomass to the storage
organs. These three parameters are assumed to be interlinked,
i.e. high-yielding varieties (large HI) are used in intensively
managed crop stands (Gosme et al., 2010). For details see
Fader et al. (2010).

In the NLU original paper, in some grid

cells, the actual yields were higher than

potential ones, in that case, actual yields
were selected

In ORCHIDEE-CROP
yes we can offer ...

- GGCMI Phase 1 / ISIMIP Fast Track

runs available 0.5° - global
5 crop types:

wheat, maize, 3 rice, soy
fully irrigated and rainfed
planting density = actual

- IMPACT2C and HELIX projects

runs available 0.5° - Europe
Different climate and CO2 levels

- GGCMI Phase 2 CTWN
0.5° - Globe

Different treatments (cube) in each grid
-9AT

-9 AP (up to fully irrigated)

-4 AC02

-4 AN (simple function in ORC)

All runs performed by Xuhui Wang



Intensification response

A central piece of NLU

Accounts for multiple input types
(irrigation, fertilizers, pesticides,
practice)

L TR Needs a price for each input

p, IC; ($/halyear)

Fig. 8. Yield in a land class as a function of chemical input con-

sumption IC;. p;.nax, pj‘cmal and p}nin are the potential, actual and
minimum yields of the land class j. py is the price index of chemi-

cal inputs.

In ORCHIDEE crop, the explicit shape of this function can be simulated from GGCMI runs
- For different amounts of N (in a simplified way)

- For different amounts of water (in a detailed way)

- No pesticides

- No costs of N, water amounts



Pro and cons

Smaller set of crop types in ORCHIDEE, may need
to complete by LPJmL for non modeled types

Important in Europe

ORCHIDEE uses a more mechanistic approach to

calculate potential yields

Future effects of climate (>0
on potential yields can be ta

Response functions to N anc

or <0) and CO,, (>0)
Ken into account

water is likely more

realistic than the aggregatec
NLU at the moment

response used in



1. Simulations we can offer : GGCMI ISIMIP Fast track

Crop specific set course of growth Increment & senescence
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2. Simulations we can offer — IMPACT2C and HELIX

European climate and CO2
Wheat
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3. Simulations we can offer : GGCMI Phase 2
CTWN analyses for global croplands

(@ Mean yields

* 0.5 degree global
simulations for model
sensitivity to change in
[CO,], T, P & Nitrogen

[CO,]

* 0.5°global x 30 years
x4 CN settings x 9 TP
settings

[CO.




A short introduction to
ORCHIDEE-crop
40 pages ©



Limitations in simulating croplands by

ORCHIDEE
IRRI site (14.2°N, 121.3°E)
= 5 ® LAl obs_FL
T4 B LAI_obs_NFL




ORCHIDEE-crop

Climate  : Biosphere ORCHIDEE
Forcing STOMATE LAL roughnss SECHIBA
T, P, Swrad, wind CEEURE EL 50 Energy budget
: Car.bon cycle A Hydl:lglogy
a|I|Dc:2agt|?§r?,tlgo€1§2rﬂo%r?2 |(ijty water ang temperature, Photosynthesis
: At=1 day PP At=0.5 hour
i S
: Phenophase, LAI,
1.t10 of allocation

* NPP, biomass Water = Irrigation

. litterfall ... PFTs GPP residuals resource demand E
!!rop‘ moaule

' Cropland-specific proces-ses§
(prescribed or calculate by Phenology, allocation, .
: LPJ Dynamic General crop managements

residual, rotation...)



Crop specific set course of growth Increment & senescence
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Lists of sub-modules

 Growth dynamics
— Phenology
— Allocation

* Managements
— Irrigation
— Fertilization
— Rotation
— Residue management



Lists of sub-modules

 Growth dynamics
— Phenology
— Allocation

* Managements
— Irrigation
— Fertilization
— Rotation
— Residue management



growth cycle simulation

Ecosystem model (ORCHIDEE)

Farhquar for C3

GPP Collatz for C4

radiation
Iinterception

LA

ALAI =SLA
Aleaf biomass

LEAF

SLA is a PFT-
specific constant

Onset and senescence regulated by
functions of T, water and vernalization

Site-based crop model (STICS)

PHENO
LOGY

FRUIT

SHOOT

% SLA.

: “demand” base
I (trophic competition)s
: Function of pheno, ALA

T, ...

S
varied-.
~A

pheno = {(T) * stress(N, radiation, water,
photoperiod, vernalisation). Management
implicit in {(T) & stress

f1(Pheno) * f2(T)
tress(water, N)

LAI

A approach

NPP




growth cycle simulation

Ecosystem model (ORCHIDEE) EF Site-based crop model (STICS)

¥

Agro-ecosystem model GPP

(ORCHIDEE-crop)

ALATI = f1(Pheno) * f2 modfied
* stress(wat€r, N)

PHENO
LOGY

pheno = f(T) * stress

radiation
Interception

LAI

Farhquar for C3
Collatz for C4

NPP

” based scheme

“‘( LEAF FRUIT | - -

Management implicit in f(T) & stress

For run.def
OK LAIDEV



Phenology progressing

Growth Unit = f(T) X &, X &, X (¢ xmin(8,,8,) +1— ¢€) (Eq.1)

The phase of the growth is a joint function of temperature,
precipitation, vernalization demand, nitrogen & water stress

planting leafing grain-filling maturity harvest
IPLY IGER ILEY IAMF ILAT ILAX 1DRP IMAT »~ IDEBDES IREC

Wheat %

germination



thermal accumulation unit

LAl as a function of phenology

For ORCHIDEE-crop, LAI is no longer diagnostic of leaf biomass increment * SLA, but a prognostic variable

ALAL,,. = f(dev) X f(T) X f(stress)
ALAIL., = f(GDD) X f(stress)
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corresponding to wheat crop as given in Singels and Jagger (1991) with two hypotheses for leal
temperature (°C) growth slowing at ILAX through the parameter UDLAIMAX, and consequences for the LAl curve
shape



thermal accumulation unit

The temperature thresholds

Crude but useful
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LAI (m2/m2)

The importance of senescence

O Obs
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— OSorigin
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OSdlaimax
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©

LAl (m2/m2)
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—— OSnow

For run.def
DURVIEF



ocation Scheme

Compatimant demard calculation
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Irrigated

Rainfed

Harvest Index

23



Root/shoot ratio

Irrigated

{>03
102
0.15
0.1
0.0
0.03
0.02
<0.01

Rainfed
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¢ LAI_obs_FL
B LAI_obs_NFL
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Why PFT-specific water & energy
budget needed?

CASE A (default) CASE B

he * ) ¢ Crops /
N, v > 7/ |
l"i«‘ B / 6 L‘ L O IJ /‘/
‘:‘n ‘:..‘,.‘:‘n ey % d gras$
.n“:~ sl £ = 7,

g Srmee LT B

| i L BTSN, L | e

.‘.‘ ™8 .“‘ ™9 'y
.t‘;t 277NN A5G 4
i E LT B N

es

y
[ ]
./ ‘ . Natural grass ‘

R I

Mutti-fayer soif hydrofogy” |/ "

Croplands usually applies to Case B, which is not previously supported



The variables made PFT-specific

T
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Soil moisture (e.g.
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Soil water
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Lists of sub-modules

* Growth dynamics
— Phenology
— Allocation

* Managements
— Irrigation
— Fertilization
— Rotation
— Residue management



Global irrigation extent

. Area equipped for irrigation
| in percentage of land area

,, . [_]e [ Jw-20

S0, o [y HM2-3
oow ¢ [oer-1 HR=-s
£ 7 Dl Eller
LR Bl:-c Bl o

Courtesy from GMIA v5



ORCHIDEEstandard irrigation scheme

* Limitations:

l — Only activated with river
. " Irrigated? i ‘ "IER::';:;:F‘ " rOUﬁng
' \swamp supply . .
e — Water demand & applications

e B Water Water
1\“""’9:::;:&-:] Demand Availability over a” PFTs
l — Considering only potential
| Min j« .. . .
T (e transpiration, not PET (always
\ OW‘WW_)‘TM ) . . . .
‘ wootyto. | " deficit even irrigated)

— no room for varying irrigation
o( o e technologies/strategies




Solution?
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ORCHIDEEcrop irrigation scheme

* Addressing:
— Where?
— When?
— How much?
— How?

[l New |
irrgation | |
\| Scheme |/
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Irrigation methods & Tech constraints
(how)

Some key parameter: IRRIG_DRIP, IRRIG_DOSMAX

o - ~
-

Flgod

Demand = Soil water deficit
(irrig_fulfill * SWHC - SWC()

SWHC: soil water holding capacity
SWC: soil water content




When?

Key parameter: IRRIG_THRESHOLD

Threshold (% of vegetation growth stress)

to which we start irrigation

Total Soil Water(mm)
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0 100 200 300
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How much?

Key parameter: IRRIG_FULFILL

Threshold (% of soil water holding capacity)

to which we saturate the soil

Total Soil Water(mm)

900

800

700 4

600 -

500 -

400

noirr
fulLow

fulHigh

fulMedium | -

0 100 200 300

DOY



Irrigation response functions

Yield ~ irrigation Irrigation Efficiency ~ irrigation

A s 08
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100 a0
Irrig_fulfill (%) 20 Irrig_fulfil (%) 50 da--.-,.-?o

Irrig Initial (%) Irrig Initial (%)

Irrigation Efficiency (t/ha/100mm) =
dYield/dIrrigationWater



N response function

 Nfac = 1 + Neff - Neff*(pa”(Nfert./pb));

* Three parameters to optimize:
— Neff (maximum enhancement of N fertilizer)
— pa (how fast the N response saturated)
— Vcmax25 (intrinsic Vcmax at 25 °C)



vmax enhancement
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Constrain Pa 091
Vcemax25>40 Vemax25 70
7 -
?U\ ~
c rd
= 6 e L
S //
_G_.) ////
> 5 ///// . L
g // &9
9 //// B —
®© /:/777%;{,,,,
> ~ s
E* - ‘
n
3. -
3 4 5 6 7
Observed yield(t/ha)
g -
8 g5, / .
=
o -
o 75, - o) N
kS — /
=) - )
E 7. — .
U) (B
6.5 . . i . L
7.2 7.4 7.6 7.8 8 8.2

Observed yield(t/ha)

Posterior set:
Neff 2.51

Pa 0.68
Vcmax25 46.2

10 -

3.5



Crop rotation/multi-cropping

Germ Grego =l na Unied ¥ Foland
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Wattenbach et al., 2010
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The flowchart for crop rotation/multi-
cropping

DAY+1
Y
found_restart?

Rotation input
(map/run.def)
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1) growth status of current crop
2) currlnt rotation cycle

3) existlence of rotation command
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Transfer of Iitter & soil carbon pools
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Transfer of soil moisture
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Variables transferred in SECHIBA,

Transferred status variables: veget_max, soiltile

Transferred hydrology variables: moisture of all layers & water to infiltrate next time step

Transferred thermal variables: soil temperature of all layers & conductivity (cgrnd, dgrnd)

Other variables: surface soil temperature (temp_sol_new), heat capacity (soilcap) and heat flux (soilflx)

st EZar SESYXYFAHT Y S,



Yield, multiple vs. single cropping
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soil moisture (m

w/ or w/o soil moisture transfer

With moisture transfer
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The data structure

Transfer matrix
dest

g Command list

st 1 2 3 4 5 6 7 8

1

2

3

4

5 50

6

7

8 80

Note:

An integer (i_std, int32) with 7 meaningful digits:

% transfer  source  target
1 0 O | O 9 | 1 O |

e.g.
500506
800807

By using percentage transfer, the RMC module is in theory compatible with the LUC module of ORCHIDEE
i.e. RMC & LUC can be activated simultaneously (to be tested)



Configuration for rotation

1D 2D
* Planting date for each crop-rotation * Planting date for each crop-rotation
cycle: cycle:
— SP_IPLTO=0,0, 0, 310, 160, 310, 161 — IPLT_FILE = iplt.nc
— SP_IPLT1=0,0,0, 310, 160, 310, 161 * No. of rotation cycles in each grid:
— NVM_PLNT =y (NVM or MTC PFT) —  NUMROTATE_FILE = filenamel.nc
* No. of rotation cycles: e Rotation command of each grid:
— CYC_ROT_MAX=2 —  CMDROTATE_FILE = filename2.nc

 Rotation command for each cycle:
— CMDROTATE_1 = 1000504, 1000706, 0

* Others
— CMDROTATE_2 =1000405, 1000607, 0
) — DYN_PLNTDT & ROTATION_UPDATE can
* If the planting date needs to be also be set for update frequencies of
changed within a rotation cycle: rotation systems and crop planting date
— DYN_PLNTDT =y with new maps

* If rotation system needs to be
updated:
— ROTATION_UPDATE = 10Y



Residues management
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Model Evaluation

Color Key and Histogram
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Impact of climate change on European
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( NVM = 14
#fNvM = 13

>  Phenology $$pFT_TO MTC = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 14, 13, 14

L ### wheat maize wheat rice
PFT _TO MTC = 1, 2, 3, 4, 5, 6, 7, 8, S, 10, 11, 12, 13, 14
$##pFT TO MTC =1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13
NSTM = 6
$PREF SOIL VEG =1, 2, 2, 2, 2, 2, 2, 2, 2, 3, 4, 5, 6
PREF SOIL VEG =1, 2, 2, 2, 2, 2, 2, 2, 2, 3, 3, 4, 5, ©
fspecific rice-induced change in parameters

Allocation Isc4= n, n, n, n, 00 nnmnmnmnmny n

NATURARL = VY, ¥V, ¥, ¥, ¥, ¥, ¥, ¥, ¥, ¥, ¥, , n, N

={ Managements




On the SECHIBA

> slowproc sechiba_main

Min(soil ¢eficit or PET,
facility capability, water supply)

Yes
— routing ——

A 4

hsjfci:j;? enerbil potent?al evaporati(.)n (evapot)
' potential transpiration (transpot)

ideal <
irrigation No

Min(soil deficit or PET, hydrol_main [« Infiltration = f(swc, soil texture, root...)

facility capability)
Apply irrigation calculated last step
Infiltration processes
Calculate soil deficit (tmcs - tmc)
For run.def )
DO_FULLIRR tmc: total column moisture content

tmcs: total column moisture content when saturated



AQ & MIP i Global gridded crop models
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Model evaluations (Muller et al., 2016 GMD)
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