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1.1. 

et al

Patterns, spatial complexity

WaNuLCAS

GIS

Crop
&
Soil

Models

Figure 1.1.
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1. 
2. 
3. 

food crops,
4. 

6. 

1.2. 

and Akeampyong et al

C, and not if F < C.

Cannell et al

comp

noncomp

recycl

nonrecycl

One may argue that Fcomp recycl and that in the longer run 

1. the complementarity of the resource use, 
2. nonrecycl

3. 

recycl. 
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Table 1.1.

et al., 

Yc = Y0 + F1 + F  + Cl + Cw+n + M

Crop yield in Crop yield in 
monoculture

Long term 
for light for water and 

nutrients

Micro-
climate 

1. Experimental Mulch transfer Residual Tree removal

2. Process-level 
understanding rates

SOM 
Canopy 
shape, light 

Root archi-
-

3. Synthesis 
model W           a            N            u         L             C             A             S

from the cropping period, as occurs with water in the Grevillea
pers. comm

noncomp nonrecycl. With increasing 

  

et al
 
As light is not stored in ecosystems, complementarity in light use is easy to measure. For water 
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pronounced, there is more chance that an agroforestry system improves crop yields than at 

keep track of resource stocks outside and inside the plants and use these to calculate daily 

1 and F

l and C et al. 

      

crop [1]

et al

Table 1.2.

zones with increasing distance to the tree.

Term in eq. 1 Water Nitrogen Light

Input imports

Recycle
root zone crop residues -

Crop

-
takecrop

top 1,2

Tree,Noncomp

-
taketree 3

Losses -
est zone zone

-

point of view, unless there is at least some complementarity in resource capture. Direct 
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1.3. Intercropping, crop-weed and agroforestry models

et al

from more specialized component models, such as drivers for physiological development 

is in models for monocultural stands.
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e.g. maize, cassava

or a weed (Imperata)

A Crop

or fruit trees

or woody fallows

e.g. hedge-
row trees

A Tree

Nitrogen Water

Light

Figure 1.2. Components of the WaNuLCAS model.

shoot
biomass LAI PAR

H O2

N

}

N capture
Transpiration

Photosynthesis

root
biomass

RAI

Above-
ground
inter-
action

Below-
ground
inter-
action

Figure 1.2.

et al
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further integrated and applied simultaneously, avoiding priority assignment. One way of 

In developing a generic model for water, nutrient and light capture in agroforestry systems 

1. 
at patch scale

complementarity and 
,

2. well-established modules (models)

3.  term as the outcome of resource capture

4. agroforestry systems

independently 
measured 

6.  within each type of agroforestry system,

regards soil and climate
8. be user-friendly

open to improvement
9. generate output
10. 
 

STELLA

seen as a prototype; in the STELLA
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development

Environment

yields for an agroforestry project
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the STELLA environment
 

 

light, atmospheric CO2
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rate of photosynthesis that depends on factors such as CO2

 

rainfall.
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improved, used, expanded

          

Sector map Control Screen





 
The model is formulated in the STELLA

and crop.

of the climate.

and-burn land clearing.

 Chapter 2
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2.1. Model features

The model was developed to emphasize the common principles underlying a wide range of 

Agroforestry systems

pruning.

Climate

Soil
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Figure 2.1A. 

Figure 2.1B. 

Core Module

Climate

CropTree

Soil : 
Water & 
Nutrient

Planting 
Schedule

Soil Erosion 
and Sedimentation

Soil Structure
Dynamic

Additional

Module

Pest and Diseases

Labour use and 
Profitability

Parasitism
Semi-parasitic 
(cendana)
Loranthus

Slash and Burn

Tree Product:
Oil Palm
Rubber/Latex

Grazing

Management:
Soil Tillage
Pruning
Fruit 
Harvesting
Timber 
Harvesting
Killing Trees
Mulching
Weed Growth

Additional

Module
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The Water balance

Growth

allocate growth over tree organs.

Uptake

uptake [2]

Demand
[1] [2]

   
        [3]

rv.
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k
1. rv
2. i in a monoculture with the same Lrv,
3. 

Root growth

root decay or can follow dynamic rules roots similar to those for crop.

The 

Light capture

STELLA
1. 

2. 

3. 

STELLA shell does, 

In STELLA
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various used in the model, see the array editor within the STELLA model.

Figure 2.2A.
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Figure 2.2B. 

Figure 2.3A. A Middle level overview of the WaNuLCAS model in version 4.0.

LAYER 1

LAYER 2

LAYER 3

LAYER 4
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Figure 2.3B. Middle level view on the WaNuLCAS model with examples of 1 sectors.
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Figure 2.4. Example of output graphs.
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1. 
2. 
3. a proven ability of the model to predict measured outputs on the basis of 

appropriate input parameters.
 

for the full list of parameter names.

 Chapter 3
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3.1. Agroforestry systems 
3.1.1. Zoning of the agroforestry system into four zones. 

Figure 3.1. 

AF_TreeZone[Tree] 

is located, 
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Table 3.1. 

Geometry canopy
Topsoil
depth

- Time sequence

Alley cropping Linear, half al- Zone 1, 
Zone 1 - 4 Homogeneous

Homogene-
ous, except 
for canopy 

Alley cropping 

hedgerow 
two hedgerows Zone 1 - 4

Homogeneous

Homogene-
ous, except 
for canopy 

Alley cropping 
on slopes one hedgerow

symmetrical 
canopy

Gradient
Heterogeneous -

Taungya transi-

crops
Linear Zone 1 - 4 Homogeneous

Homogene-
ous, except 
for canopy 

of  
grasslands

Linear, start 
with  

or whole alley
Zone 1 - 4 Homogeneous

Homogene-
ous, except 
for canopy 

trees
Linear, use cof-

Zone 1 - 4 Homogeneous

Homogene-
ous, except 
for canopy 

Homegarden Linear or Circle Zone 1 - 4 Homogeneous Homogeneous

Parkland trees Circle Zone 1,
Zone 1 - 4 Homogeneous Heterogeneous

mosaic
Linear

Zone 1,
Homogeneous Homogeneous or Switching 

and crop stage

Tests

, while the results for Zone 1 
. The current 

Basic concept
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Example of results
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Figure 3.2. 

explained in the text
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else 0

else 0

 
2

i] and are calculated 
such that they add up to 1.0.

  [4]

i
2 - ri-1

2
4

2

i

i

   [5]
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i

3.1.3.  Calendar of events

Figure 3.3.

Table 3.2.

No. Date Year in WaNuLCAS Day in WaNuLCAS

1. 0

2. Pruning Gliricidia 1

3. Maize harvest 1 69

4. Pruning Gliricidia 1

1

6. Pruning gliricidia 1

Groundnut harvest 1 214

Pruning Gliricidia 1 219
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3.1.4. Crops, weeds and trees

-2 day-1

i

3.1.5.  Animals and soil biota
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3.2. Soil and climate input data 

et al

the tropics than in temperate regions.

et al

the spreadsheet itself.
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10% Clay

10% Silt

80% Sand

Figure 3.4. 

rain event.

3.2.2. Temperature

Wanulcas.xls spreadsheet

of cropping season. Current default values for air temperature ensure the length of cropping 
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3.2.4. Rainfall

Table 3.3.

Rain_AType 1 = Tabulated daily 
rainfall

2 = rainfall simula-
tor

3 = Random gen-
erator

around monthly 
total

rain on a given day
rainfall occur-

Amount of rain

-

-
ter models.

Normal distri-

-

Normal distri-

rainfall
Implicit in data 

heavy rain catego-
ry, for light rain a 

STELLA

rainfall data outside of WaNuLCAS copy the results to the Wanulcas.xls spreadsheet and set 
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STELLA

 

  [6]

STELLA



36

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems

 [7]

1. 
2. 
3. 

Change of slope

Figure 3.5.

        [8]

     [9]

 [10]

w
A

A'

A*

B

C

C'

C*

O

x1

x2

h}h*

h‘

}h*

hx + h*

hx

v v

P

Soil 
moved
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Hence,

     [11]

    [12]

-3

decline of topsoil height, without change in slope angle.

3.2.7. Soil erosion 

3.3. Water balance

1. 

2. 

3. 

4. 

6. 
open,

9. 
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Figure 3.6.

solutes.

Table 3.4.

In

Final soil water content for all zones and layers

Patch-level run on

Rainfall

the deeper soil layer.

rainfall and
irrigation

surface
infiltration

evapo-
transpi-
ration

plant
water
uptake

surface
evapo-
ration

leaching

run-on

subsurfa-
ce lateral
flow

run-off

subsurfa-
ce lateral
flow

soil water
retention
(storage)

soil water
retention
(storage)

top-
soil

sub-
soil

bypass flow

drought signals

drainage

root hydraulic 
equilibration

deep
infiltration

1

2

3

4

5

67

8

9
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3.3.2. Water uptake
 

has access.

implemented as such in a STELLA environment, we chose for an approximate procedure, where 

1. p

2. 

3. p on 
et al

4. p Ep rh for all voxels  

p

s,i and hrh and their 



40

WaNulCAS 4.0
Background on model of Water, Nutrient and Light Capture in Agroforestry Systems

6. p p

sh

shX*
E p

pL Lrv

avg soil
water
potential

transport

uptake
resistance

hp hrh hs,i

hp

fp

0

1
2

fp E p

E p

pL Lrv

i

fp E p

potential
uptake
rate 
layer i

real uptake 
rate = min(demand, supply)

5

1

6

7

8

3

4w
at

er
 p

ot
en

tia
l, 

cm

Potential
growth

Light

WUE

Real growth

plant rhizosphere soil

Figure 3.7.
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Shared by tree & crop ~ Lrv * s

Tree only

Soil in the voxel

Potential uptake is a linear 
function of ‘matric flux 
potential’, , allowing for a split 
of the overall gradient

W
at

er
 p

ot
en

tia
l

Actual uptake for 
each plant from 
any cell

Potential uptake for 
each plant from any 
cell

s

l

h

( l - s), LrvC,p
LrvT,
( h - l),
LrvT

Hp,T Fest,TLp,T

Hp,C crop in this 
voxel

Hp,C Fest,CLp,C

Hp,T tree in this 
voxel

 Figure 3.8.

et al et al

rich dry topsoil layers and thus facilitate nutrient uptake. The reverse process, deep water 

increase their overall resource capture vis-a-vis shallow rooted plants.

i into or out of each cell i
           

        [13]

where i and j i and j i and rj to the 

root systems that are connected to the soil.
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1. 

2. 

3. 

4. 

0.1 day-1

matches total demand.
6. 

1. 
2. 
3. 
4. 
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Figure 3.9 -1 of the 

 

1. 

2. 

3. 

the amount that can cross the surface in a day, which depends on saturated hydraulic 

4. 
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1. 
W1

  [14]

  [15]

    [16]

and for j ij

2. 
W2

not

3. W3

W1

4. 

N1
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N2

column underneath the surface.

   [17]

With

    [18]  

   
Figure 3.10

from rainfall and rain intensity.
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  [19]

Rate is expresses in mm hr-1

mm hr-1

and

 [20]

-1

Figure 3.11. General lay out of soil column uphill in WaNuLCAS model.
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Figure 3.12.

depth
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3.4. Nutrient (nitrogen and phosphorus) balance
3.4.1. Nutrient inputs and outputs

et 
al

3.4.2. Nutrient inputs

and pruning.
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Table 3.5. 

In

Final inorganic N or P stock in soil

Final organic N or P in SOM-pools

N or P in external inputs or organic material N or P in harvested crop yield

N or P in harvested tree components

3.4.3. Leaching

BypassMacroi

i

1) Target nutrient content

of 0.2 kg m-2 -1

.  The target N content is then contrasted with the current nutrient 
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N uptake

B
io

m
as

s

closed crop
canopy

Relative N content

N
 p

os
 g

ro
w

N_Pos_GrowActual
biomass

N-min in soil

current
N-demand

potential
uptake

actual
uptakeRoots

Water 
content from n*m layers and zones

Actual N
content

Target N content

N deficit

N  fixation2

1

4

3B
2

3A

6

7

5

Figure 3.13

2

    [21]

ijk from each cell ij k is 

    [22]

-3
0

1 and a0
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stock is the current amount of mineral N per 

0 is the root radius. 

5) Actual uptake. Actual uptake Sijk
component k for all cells ij in which it has roots. Total uptake will not exceed plant demand. 

grow[nutrient].

      [23]

. Actual uptake and N2

a theta

a

3 3

3

a

  [24]
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3 aNH4

3 is also treated 

plant uptake.

a a

Figure 3.14. A. Conceptual scheme of P pools in the soil 

B.

a

A

B

0

2000

4000
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8000

10000

12000

14000

16000

18000

0 1 2 3 4 5 6 7 8 9

P stock

K
a

Layer1
Layer2
Layer3
Layer4
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3.4.7. N2

2

 

N content and daily N2

parameter is set at 1.

N2

2

2

2

2

N_target/N_biomass
0.0 0.2 0.4 0.6 0.8 1.0

N
_F

ix
da

ily
Fr

ac

0.0

0.2

0.4

0.6

0.8

1.0

0 NFixRespi 
0.25 
0.5 
1 
2 
4 
8 

N_Posgrow 
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2

2 

N2

disappear,

in a soil compartment are such that they are mixed or occur in separate clusters. This 

-1

-3

-1 cm2

-1 cm2

3.4.9.  N15 labeling

The standard version of WaNulCAS no longer includes the sector that represents N
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3.4.11. Green House Gas (GHG)

2, N2
et al., 

4

1. 

2. for N2

Details for nitrogen oxides

x
to Verchot et al

all gaseous N losses the N2

Verchot et al

  [25]

-1 day-1

-1 day-1 -2 day-1 -1 year-1
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    [26]

 [27]

actual.

From Verchot et al

 [28]

2, 

2

2 part is added.

2
to the overall N2 2

2.

predicted N2

Details for methane

-1 y-1 
-1 day-1 or 0.0011 g m-2 day-1

et al

Figure 3.16 provides examples for a range of values of the Km parameter.
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Figure 3.16.

An example

Figure 3.17.

2




