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Appendix 2 

 
Sensitivity Analyses Used in Calibration 

 
In our model of ranching productivity, there are several key processes that shape ranch 
outcomes.  The first is the way in which grass grows in pasture, in response to climate and land 
conditions.  The second is the way in which grass is demanded by cattle raised on this pasture, 
and the third is the ability of ranchers to sell cattle and meet their income needs.  In a large 
model such as this, there are many different parameters to assign, but many of them affect model 
results in similar ways.  For instance, changing the maximum size reached by full grown cattle 
will have a similar effect on grass demand as will changing the rate at which ranchers choose to 
stock their lands.  To make sensitivity analysis more tractable to the reader, I focus on 
representative variables for the three important processes given above.  The responses of the 
ranch to climate conditions, as well as to changes in market prices, are treated already in the set 
of experiments of the main paper through varying ΔEI and ΔPrec.  It remains to look at the 
response of grass to different growing conditions, and the response to changing demand for grass 
by cattle.  I look at these processes by focusing on the the intrinsic grass growth rate kgrass, 
pasture capacity Gmax as indicators of grass response to growth conditions, and the scalar f from 
the stocking rate equation (an ‘aggressiveness’ parameter for rancher pasture use) as an indicator 
of shifting demand on grass resources by cattle.  The following sections present the set of real 
conditions to which I mean to calibrate the current model, the sensitivity results of the model 
outcomes to shifts in these three key parameters, and the parameter choices made in calibration. 
 
Calibration conditions 
 
Ranchers in our sample stocked cattle at an average of 2.78 head/ha.  Smaller properties stocked 
more densely, reflecting a maximization of land productivity; larger properties stocked less 
densely, reflecting a maximization of labor productivity, a phenomenon commonly observed in 
rural agricultural systems (Ellis 1994, Coomes et al. 2000) (Figure A2.1).  This differential use 
of land is shown clearly by looking at the reported rates at which ranchers recuperate their land; 
small ranchers report recuperating most of all of their pastures on an annual basis, while on 
larger properties little more than a quarter of the pasture is recuperated each year (Figure A1.4).  
At the reported stocking rates, ranchers reported an average cost of about $US31 to supplement 
their cattle during the dry season, mostly with extra mineral salts and sugar cane leaves.   
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Figure A2.1: Cattle stocking density in head/ha as a function of property size.  The n for each bar represents 
the number of admissable survey responses used to derive the result. 
 
To find model parameters that best matched these conditions, we ran a three-level factorial 
design (Table C.1) with n=5 repetitions along the dimensions of the intrinsic grass growth rate 
kgrass, pasture capacity Gmax, and scalar f, and took the time-averaged value over the final 10 
years of each 40-year simulation of the average stocking rate and nutrient cost across all 
ranchers.   
 
Table A2.1 – Parameter values for factorial design.  4 points along kgrass, 5 points along Gmax, and 6 points 
along f, for a total of 120 condition sets, and 5 repetitions for a total of 600 model runs in the calibration  
Parameter Range 
kgrass 0.03, 0.06, 0.09, 0.12 
Gmax 4000, 5000, 6000, 7000, 8000 
f 1.6, 1.8, 2, 2.2, 2.4, 2.6 
 
All other model parameters were set to available literature values, as described in Appendix 2.  
The full set of model outcomes generated by this analysis is shown below in Figures A2.2 to 
A2.9: 
 
 



  3 

 
 
Figure A2.2:  Average cattle density (head/ha) across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass 
growth rate kgrass (/t).  Individual surfaces show average cattle density as a function of grass capacity and stocking factor f at a constant intrinsic grass 
growth rate. 
 

 
 
Figure A2.3: Average profits ($R/ha/y) across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass growth 
rate kgrass (/t).  Individual surfaces show profits as a function of grass capacity and stocking factor f at a constant intrinsic grass growth rate. 
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Figure A2.4: Average nutrient costs ($R/ha/y) across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass 
growth rate kgrass (/t).  Individual surfaces show average nutrient costs as a function of grass capacity and stocking factor f at a constant intrinsic grass 
growth rate. 
 
 

 
 
Figure A2.5: Property GINI across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass growth rate kgrass 
(/t).  Individual surfaces show GINI as a function of grass capacity and stocking factor f at a constant intrinsic grass growth rate. 
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Figure A2.6: Number of ranchers remaining at end of simulation across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and 
maximum intrinsic grass growth rate kgrass (/t).  Individual surfaces show number of ranchers as a function of grass capacity and stocking factor f at a 
constant intrinsic grass growth rate. 
 
 

 
 
Figure A2.7: Fraction of property in forest across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass 
growth rate kgrass (/t).  Individual surfaces show forest fraction as a function of grass capacity and stocking factor f at a constant intrinsic grass growth 
rate. 
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Figure A2.8: Fraction of property in pasture across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic grass 
growth rate kgrass (/t).  Individual surfaces show pasture fraction as a function of grass capacity and stocking factor f at a constant intrinsic grass growth 
rate. 
 
 

 
 
Figure A2.9: Fraction of property in degraded pasture across dimensions of grass capacity Gmax (kg/ha), scalar stocking factor f, and maximum intrinsic 
grass growth rate kgrass (/t).  Individual surfaces show degraded pasture fraction as a function of grass capacity and stocking factor f at a constant 
intrinsic grass growth rate. 
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In general, all three parameters are initially positively related to ranch profitability.  However, as 
they rise in concert they lead ranchers to overstock and crash the ranch productivity.  In the 
calibration effort of this study, the set of points (kgrass = 0.03t-1; Gmax = 7t/ha; f = 2.4) was chosen 
as the best fit to our field observed stocking rates, with average annual supplement costs of about 
$US29.50, and an average stocking rate of 3.1 head/ha.  This parameter set corresponds to a 
point near the ridge before performance begins to drop in the left-most figures for the outcomes 
below.  In other words, the observed data correspond to a locally optimal, less resilient point in 
the parameter space of our model. 
 
As an independent point of comparison, Andrade et al. (2006) find capacities of 3-8 t/ha and 
maximum growth rates ranging from 30-120 kg/ha/year across different months for pastures in 
neighboring Acre State stocked with 2.3-3 head/ha of cattle (Andrade et al. 2006).  The 
equivalent maximum growth rate in our study, using kgrass = 0.03 and G1/2 = 3.5t/ha, is 
53kg/ha/year (see equation A1.10). 
 
Face Validity of Modeled Ranching Activity 
 

 
Figure A2.10: Modeled cattle stocking density in head/ha as a function of property size.  The n for each bar 
represents the number of properties of that size in the simulation. 
 
A snapshot of a typical model run (year 7; ΔPrec = 0; ΔEI = 0), as calibrated to the above 
conditions, shows a decrease in stocking rates as property size increases, though without the 
sharp increase observed for the two very small (<10ha) properties in our sample (Figure A2.10).   
 
The model mechanism behind this pattern lies in the limits placed on how much land a rancher 
can modify (in any manner) each year.  This amount is modeled sigmoidally and grows from 10 
ha for small properties up to 80 ha for large properties (Eq. A1.22), based on the reported areas 
recuperated in Figure A1.4.  Pasture in the model degrades at a rate linearly proportional to cattle 
stocking, with a lifetime of 10 years when stocked at 1 head/ha (for comparison, Mattos and Uhl 
(1994) discuss a pasture lifetime of 5-10 years with respect to medium and large ranches 
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stocking cattle at 0.51 and 0.66 head/ha in Pará State (Mattos and Uhl 1994).  Because ranchers 
on smaller properties restore a greater proportion of their land each year, the amount of degraded 
pasture is lower, and the land is able to support a greater number of cattle; thus, stocking rates 
should increase with decreasing property size, a pattern which emerges in Figure A2.10.  
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