




Models, models models, models and 
models

 Process-oriented simulation models
 Statistical
 Non-parametric
 FAO AgroMetShell, the “ancestor” of wabal 
 “Other” 



Simulation models: the scope
 Realistically & “scientifically” mimick actual 

physiological mechanisms and interactions of 
plant & environment, incl. management

 Accurate and versatile 
 calibration switches tweak model into  good 

qualitative fit to reality
 Models come in “schools”  or “families”: 

EPIC, CERES, WOFOST (SUCROS, ARID, 
MACROS, ORYZA1...) 





A word about the “inner workings” of 
models: variables, parameters, inputs...

 State variables (global): completely describe the state 
of the “system”, e.g. biomass on day d in g m-2)

 Rates: the speed at which the state variables change 
(e.g. rate of change of biomass in g m-2 d-1

 Derived variables: computed from state variables (less 
fundamental nature, e.g. Leaf Area Index, in m2 of 
leaves per m2 land area, computed from biomass)

 Parameters or “switches”: constants that describe links 
between variables and rates

 Input variables: measure external action on the system 
(e.g weather & management)



More the “inner workings”
 Models contain many ad hoc functions; they are 

often less “scientific” than assumed
 In practice, models are computer programmes
 Time step is usually daily
 Many models compute various “biomasses”: water 

limited (B
W
), energy  limited (B

E
) and nutrient 

limited (B
N
) and adopt min(B

W
, B

E
, B

N
) as final yield 

proxy 
 The “budget nightmare”: energy-water, nutrients, 

biomass



Using a model for 
forecasting: past and future 

weather
Yield forecast at different  times   .             
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Simulation models: typical 
components

 Biomass accumulation (assimilation)
 Phenology (or development) and biomass 

partitioning (incl. Respiration and root 
development)

 Nutrient budget
 Soil & plant water budget 



Photosynthesis: orders of 
magnitude

 6CO
2 
+ 12H

2
O → C

6
H

12
O

6 
+ 6O

2 
+ 6H

2
O – 2880 

KJ mol-1 sugar (1 mol = 180 g)
 22g CO

2 
+ 18 g H

2
O →

                   15 g C
6
H

12
O

6 
+ 16g O

2 
+ 9 H

2
O

 [CO
2
] ~400 ppmv ~775 mg/m3 ~0.75 g/m3  

 1 m2 of leaf can produce 1 g of sugar in 1 hour, 
req. 22/15 ~ 1.5 g CO

2

 1.5 g CO
2 
is the amount contained in 2 m3 of air



Photosynthesis: potential biomass 
(Monteith)

 DM  =    H   .   Eff
H
   .   Eff

a
   .   Eff

c

 DM = dry matter g ha-1 day-1

 H global net radiation J ha-1 day-1 ~ 50% of 
extraterrestrial radiation 

 Eff
H
, fraction of H which is PAR (~ 0.33-0.50)

 Eff
a
, interception efficiency, f(LAI, geometry... 

~ 0.33 to 0.50)
 Eff

c
, conversion efficiency, 2 g DM/MJ for C3 

plants (3 for C4)     



Photosynthesis: overall 
efficiency

  Compare

  Chemistry: 1 MJ yields 60 g sugar (2880 kJ ~ 3 MJ / 180 g)

  Biology: 1 MJ yields 2 g DM 

  This is because (and/or) biomass is not just “accumulated”

 About 50% of sugar is consumed in dark and 
photorespiration: maintain the plant structure 

 DM is not only sugar, but also “value added” fats, starch, 
cellulose, proteins...

  Maintenance respiration (maintain the “structure”) 

 Develop & live (grow roots, flowers, attract insects, repair 
damage...)

  Net efficiency of a leaf is about 5% of incident radiation. 

 Canopy Incident sunlight to biomass efficiency: from 1 % (typical crop) 
to 8% (sugarcane). Most plants store 0.25-0.50% in the product (grain...)







Photosynthesis: the equations



Simulation models: typical 
components

 Biomass accumulation (assimilation)
 Phenology (or development) and biomass 

partitioning (incl. Respiration and root 
development)

 Nutrient budget
 Soil & plant water budget 



Phenology (1/2)

 Typically one of the most empirical 
components of models

 Growing Degree-Days (GDD) or Sums of 
Degree-Days “cannot go wrong”

 GDD miss all qualitative effects (more suitable 
for climate where heat is limiting)



Sample GDD from Wikipedia



ΔBiomass partitioning



Simulation models: typical 
components

 Biomass accumulation (assimilation)
 Phenology (or development) and biomass 

partitioning (incl. Respiration and root 
development)

 Nutrient budget
 Soil & plant water budget 



 Proteins contain about 20% of N, i.e. 0.5 and 1.5% of the 
dry matter. N

max 
is the maximum (reference) crop nitrogen 

concentration and N
W
 the actual concentration (both Kg N 

(Kg DM)-1

 “Growth” N demand on day J (in  Kg N Ha-1)

  
 Demand deriving from the current deficit in the plant at the 

beginning of J when the biomass is W (Kg DM Ha-1)

 Total demand

Nitrogen (as dealt with in CropSyst)





Simulation models: typical 
components

 Biomass accumulation (assimilation)
 Phenology (or development) and biomass 

partitioning (incl. Respiration and root 
development)

 Nutrient budget
 Soil & plant water budget 



Water budget

 Water supply depends on the amount of 
water (rainfall, irrigation) that enters the soil

 Soil water availability depends on the 
balance between the strength with which 
water is held in the soil and the strength of 
the demand exerted by the plant

 Many different levels of complexity of soil 
water budget





 Main driving force for water demand is the 
evaporative demand of the atmosphere, measured 
by the evapotranspiration potential (ETP)

 ET is often partitioned between E and T (for 
instance): 

E = ET – T

T = LAI * ET if LAI<1

T = ET when LAI>=1



Relative ET as a function of 
relative soil moisture





Water use   
and photo-
synthesis: 

relative 
assimilation 
Vs. relative 

ET
 as a function of 

mesophyll 
resistance



Models, models models, models and 
models

 Process-oriented simulation models
 Statistical
 Non-parametric
 FAO AgroMetShell 
 “Other” 





Regression “models”

Wheat yield (T/Ha) =
15.44 + 0.0231 X1 - 0.0493 X2 +3.75 X4

X1 is November and December rainfall (mm)

X2 is July average temperature in C

X4 is July NDVI



Regression “models”
 Calculations are simple and data 

requirements, limited
 poor performance outside the range of 

calibration values
 different equations sometimes needed for 

each forecasting time and frequent annual 
re-calibration



Regression “models”

Best results are achieved with ...
 trend correction
 value added-variables (ETA)
 uncorrelated variables (PCA, fertilizer)
 a variable for maximum local yield (potential 

yield or other)
 good agronomic analyses better than statistical 

significance
 “real factors” (NDVI)



Models, models models, models and 
models

 Process-oriented simulation models
 Statistical
 Non-parametric
 FAO AgroMetShell 
 “Other” 



Descriptive: yield T/Ha

June average sunshine hours
per day

6 hours and
less

 more than 6
hours

March total
rainfall

75 mm and
less

5 1 62

More than 75
mm

81 102



Some rainfall profiles (Zimbabwe)

July Aug
.

Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun
e

0

50

100

150

200

250

300

350

1991-92
1982-83
1994-95
1986-87
1972-73
1981-82
1979-80
1990-91
2000-01
1988-89

1992-93
1976-77
1999-00
1970-71
1984-85
Class 1
Class 4
Class 10

R
ai

n
fa

l l
 a

m
o

u
n

t 
m

m



Comparison of methods

TotalMethodTrend 

0.73940.5692Clustering

0.70130.5311Threshold

0.73550.5653
0.1702 +

Water 
Balance

0.62650.4563
Average
Rainfall

 R2

Method



Descriptive methods: advantages
 clustering of combination of mix of 

time-series and cross-sectional data
 independent of type of functional 

relation between variables and yield 
(non-parametric)

 confidence intervals are easy to derive
 require little data processing in 

operational mode



Models, models models, models and 
models

 Process-oriented simulation models
 Statistical
 Non-parametric
 FAO AgroMetShell 
 “Other” 







Overall philosophy of AMS 

●Semi-quantitatively assess weather factors relevant 
for crop production and express them  as value-
added agronomically meaningful indices (water 
balance variables, WBV)

●Regress yields against WBVs, and use empirical 
regression equation for simulation

●A detailed study was done in Morocco using the 
approach, without major difficulties 



Models, models models, models and 
models

 Process-oriented simulation models
 Statistical
 Non-parametric
 FAO AgroMetShell 
 “Other” 



“Other” models (in random 
order! )

 Subjective with/without a “system”
 Pollen counts
 Counting bales
 CO2 gradients
 Biometric methods (stem diameter, light 

interception)











12 sources of errors: 1-5

1 observation errors in the primary input data

2 processing errors in the input data, including 
transmission and transcription

3 biases introduced by processing : estimation of 
missing data, derivation of indirect measures 
(radar rainfall, radiation...).

4 space and time “scale” errors 

5 errors in eco-physiological crop parameters



12 sources of errors: 6 to 8

6 simulation model errors
7 errors due to non-simulated factors (pests, 

weather at harvest)
8 errors in the agricultural statistics used for 

the calibration



12 sources of errors: 9 to 
end

9 calibration errors (choice of statistical 
relation between crop model output and 
agricultural statistics)

10 statistical errors in the “future data”
11“second order” errors (when management 

decisions use early crop forecasts)
12 conflicts between results of different 

forecasting techniques



How good is  my model ? 
(1/2)

 The standard wording usually resorted to 
includes calibration, evaluation, validation,  
verification

 Calibration: adjustment of parameters until 
the desired results are achieved (proxies!)

 Evaluation is descriptive: how realistic, 
detailed, “balanced/coherent”, “honest”  is 
the model? 



How good is  my model ? 
(2/2)

 Validation: a model must be validated at the 
same spatial scale and with the same type of 
data as those that will be available in 
operational work; it is the sequence of tests 
and checks that convince the user that the 
model is suitable for the intended purpose

 Verification (post-factum): after I have been 
using the model for some time and I trust it, if 
it is accurate and precise, I consider it is 
verified. 
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