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G-Range 
 
G-Range is a global model that simulates generalized changes in rangelands through time, 
created with support from the International Livestock Research Institute.  Spatial data and a set 
of parameters that control plant growth and other ecological attributes in landscape units 
combine with computer code to represent ecological process such as soil nutrient and water 
dynamics, vegetation growth, fire, and wild and domestic animal offtake.  The model is spatial, 
with areas of the world divided into square cells.  Those cells that are rangelands have ecosystem 
dynamics simulated.   A graphical user interface allows users to explore model output. 
 
The G-Range application captures main primary production and its dynamics.  It is of moderate 
complexity, and of a nature that a user may learn its use in a week or less.  A monthly time step 
is used to simulate herbaceous plants, shrubs, and trees, and those plant types can change in their 
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covers within each landscape cell through simulated time.  The model represents all rangelands 
within a single computer process, which simplifies the logistics involved in analyses.  
Simulations may span a few to thousands of years.  Detailed information about G-Range and the 
reason for its creation are described in Boone et al. (2011).   
 
In August 2011, a beta version of G-Range was provided to collaborators.  The beta version of 
G-Range that was distributed in a limited way included a parameter set that created draft 
responses from the model at 1 degree x 1 degree spatial resolution.  Those draft responses were 
useful for demonstrating the architecture of the model, but had not been rigorously compared to 
observations.  As part of this second effort, the values within that parameter set were edited 
based on information from the literature, published spatial surfaces, and our experience.  
Extensive sensitivity analyses were then conducted.   
 
Baseline Simulation Methods 
 
To guide creation of a baseline simulation we required some data that would be deemed ‘truth.’  
These data were used to compare to output from G-Range.  The intent of these comparisons was 
not to yield a final parameter set that would represent well all areas within 15 biomes forever 
after.  Instead, it was to allow adjustment of parameters to change G-Range output from 
essentially uncontrolled to something more in agreement with reality.  In-so-far as that was the 
goal, only cursory effort was put into determining the validity of what is here deemed ‘truth;’ we 
proceeded knowing that comparing results to published or vetted data would be helpful.  That 
included for simulated output from the Century model.   That model has been vetted many times 
and gridded summaries of simulations are suitable for comparison with G-Range output.  In 
other words, given the unlimited range that G-Range output could take, it would be reassuring if 
output emulated results from the Century model. 
 
We adopted a spatially explicit means of comparing global responses from G-Range to various 
responses.  Simulations started in 1957 and continued for 50 years, to 2006.  Where year-specific 
data were available, data from 2006 were used.  For some spatial data, specific years were not 
available, and so recent general responses were used.  In this baseline simulation, fire was not 
incorporated and fertilization has not been included.    
 
We began with a list of the 100+ responses from G-Range, and then selected from those the 
types of responses that would be most helpful in comparisons.  We then compiled from existing 
Century simulations or materials from web sites spatial data at 0.5 degree x 0.5 degree 
resolution, the resolution used in this report.  Cross-tabulating those lists yielded a set of surfaces 
used in assessment.  The 11 surfaces that were selected are show in Table 1. 
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Table 1.  The global surface data used in comparisons with G-Range output during baseline 
model fitting and sensitivity analyses. 

 
1. Potential evapotranspiration:  The values were compiled from Century output from 

simulations at 0.5 degree x 0.5 degree resolution (Conant et al., in prep.). 
2. Soil surface temperature:  Soil temperature values were compiled from Century output 

from simulations at 0.5 degree x 0.5 degree resolution (Conant et al., in prep.). 
3. Snow-water equivalent:  Gridded snow water equivalent estimates created from satellite 

imagery, with values from 2006 used (Armstrong et al. 2005).  These data are at 25 km x 
25 km resolution, with values averaged here to yield landscape cell values. 

4. Annual evapotranspiration:  Summed from a collection of grids produced at 8 km x 8 
km resolution showing continuous satellite-derived global monthly land surface 
evapotranspiration for 2006 (Zhang et al. 2010).  The surfaces were generalized to 0.5 
degree x 0.5 degree resolution by averaging pixel values.  Values in mm/yr were 
converted to cm/yr prior to use. 

5. Plant-available soil water:  Available water was summarized from 0.5 degree x 0.5 
degree resolution simulations from the Century model (Conant et al., in prep.). 

6. Decomposition coefficients:  Decomposition coefficients are corrections applied to rates 
of decomposition.  Here, values were taken from set of modeling results from compiled 
0.5 degree x 0.5 degree simulations from the Century model (Conant et al., in prep.).   

7. Soil organic carbon:  Total soil organic carbon was taken from compiled simulations at 
0.5 degree x 0.5 degree in the Century model (Conant et al., in prep.). 

8. Carbon to nitrogen ratio:  From 0.5 degree x 0.5 degree estimates of carbon to nitrogen 
ratios within the ISRIC – World Soil Information database (Batjes 2002). 

9. Live carbon density:  These data were calculate by summing above and below ground 
live carbon densities from the New IPCC Tier-1 Global Biomass Carbon Map of the Year 
2000 (Ruesch et al. 2008).  The original map was at approximately 1 km x 1 km 
resolution, and values were averaged to yield the estimates used.  Those estimates were 
converted from tons carbon per ha to g/m2. 

10. Annual net primary production:  Summed across months for net primary productivity 
within a 0.5 degree x 0.5 degree suite of Century simulations compiled into global 
surfaces (Conant et al., in prep).   

11. Leaf area index:  Data were summed from 1998 estimates of total leaf area index at 0.5 
degree x 0.5 degree resolution from the ISLSCP II FASIR-Adjusted NDVI Biophysical 
Parameter Fields project (Sietse 2010).    
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A significant product from this work is a program called FIT.AML which works in ESRIs 
(Redlands, CA) Arc Workstation software (listed in Appendix B).  The program was critical in 
supporting the hundreds of simulations that have been made, each creating goodness-of-fit 
reports.  For a given analysis, first, parameter values were edited by hand.  Then FIT.AML was 
run, and it in turn ran the G-Range model.  Then the 11 parameters listed were processed in turn.  
For each, an extraction tool described in Boone et al. (2011) was run which drew from the binary 
files produced by G-Range the data needed, for years 2004 to 2006 – 2006 was used in 
comparison to spatial surfaces.  The extraction program created a series of layers in ESRI ASCII 
grid format.  These were then converted to grids, the native format ArcGIS uses to store raster 
data, and then processed to remove values representing null values.  Next, any summary statistics 
were done, such as averaging or summing monthly values as appropriate.  Analyses on a given 
parameter were completed by subtracting the observed (i.e., the surfaces in Table 1) values from 
simulated values, yielding a deviation from observed for each pixel.  Those values were then 
averaged for each biome.  The program then created a report summarizing three types of data, 
the deviation from observed values, the observed values themselves, and the counts of cells used 
to derive the values reported.  The last two entries are the same for all reports, but having them 
included in each report provided context. 
 
The FIT.AML program then calls a tool that exports the facet covers for herbs, shrubs, and trees, 
plus bare ground cover, for the entire history of the simulation, 1957 to 2006.  These are 
summarized every five years, from 1960 to 2005.  The system then combines the results for 
herbs, shrubs, trees, and bare ground in a single file for each fifth year summarized.  The 
program ends by creating a report in CSV format that summarizes changes in facet cover every 
five years for each of the 15 biomes assessed. 
 
We did not make use of what is termed a ‘spin-up’ period when creating the baseline simulation 
or in sensitivity analyses, which has implications for the degree to which agreement could be 
reached between G-Range output and the surfaces we used in comparison, especially in regard to 
soil carbon and carbon to nitrogen ratio.  Spin-up periods are used to allow simulation states to 
reach equilibrium.  For example, in Century simulations, users often run the model for 2000 
years to allow soil carbon pools to reach equilibrium, and save the state of the model.  When 
using the application in analyses, analysts use the files that were generated from the model spin-
up as starting points.  Here, we did not want results dependent (partially) on the parameters used 
during a model spin-up period, and running the model for long time series in each simulation 
was not practical, and so a spin-up period was not used. 
 
Baseline Simulation Results 
 
More than 120 simulations were conducted while parameters were adjusted and the fit of the 
model output was improved.  During that effort we began to learn about the ways in which 
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parameters of G-Range influence model output. Most often responses were in the direction 
expected based on the processes the parameter informs, but sometimes the results were 
surprising.  A subset of those surprises led to modify the G-Range code (with comments in the 
code tracking changes made).  Ultimately, modifications seemed to be no longer improving the 
fit of the model, and the parameter set was judged suitable for the sensitivity analyses reported 
below.  We stress that that parameter set is not intended to be a final parameter set to be released 
with G-Range.  Rather, it brought essentially uncontrolled responses into some agreement with 
vetted global surfaces, and provided a baseline for the sensitivity analyses. 
 
Table 2 shows the average responses for the 15 biomes represented in the initial G-Range 
application.  Three sets of values are given, the deviation in the simulated results from the 
observed values, the observed values themselves, and a count of the number of landscape cells 
included in each biome that was treated as rangelands and simulated.  The deviations should be 
interpreted in comparison to the magnitudes of the observed values.  Biome 6, “Boreal evergreen 
forest or woodland” had insufficient rangeland cells to yield reliable results, and will not be 
addressed further.  
 
Table 3 provides the average facet covers every five years (plus the initial 1957 values) for the 
15 biomes.  Included is bare ground cover, which is 1 minus the sum of the remaining facets.  
The goal for parameterizing of information in Table 3 was to generate stable facet covers 
through time. 
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Deviations shown in Table 2a are instructive on several levels.  Two of the metrics we compared 
to we had suspected were not influenced by G-Range parameters (confirmed during sensitivity 
analyses), snow water-equivalent and potential evapotranspiration.  The deviations in those 
metrics seen in Table 2a could never be influenced by changes made to parameters.  The 
differences seen in those metrics are due to some combination of errors in the observed surfaces, 
incomplete descriptions of the processes, coding errors, or generalizations and errors in the input 
surfaces.  Coding these processes is straightforward and their mathematical descriptions are well 
established.  We suspect that the majority of deviations from the observed values are due to the 
generalized nature of CRU data (CRU 2008).  Potential evapotranspiration was generally 
underestimated by perhaps 10%, except in polar biomes, where potential evapotranspiration was 
overestimated.  Snow water-equivalent estimates were variable.  Again, polar biomes were 
poorly estimated, and (for several metrics) were poorly estimated for biome 7, boreal deciduous 
forest or woodland. 
 
Other metrics were influenced by changes in G-Range parameters in-so-far as vegetation cover 
or litter altered their values, such as soil temperature, annual evapotranspiration, plant-available 
soil water, and decomposition coefficients.  Annual evapotranspiration was underestimated, and 
plant-available water was greatly overestimated, sufficient to require a review of the coding of 
G-Range.  Decomposition coefficients were overestimated.   
 
More parameters were available to control the values of soil organic carbon, carbon to nitrogen 
ratio, live carbon density, net primary productivity, and leaf area index.  Live carbon density, 
annual net primary productivity, and leaf area indices were represented reasonably, but with 
some biomes represented less well.  Soil organic carbon was sometimes represented quite well, 
but in polar biomes and in boreal deciduous forest or woodland estimates were too high, 
sometimes greatly overestimated. 
 
Facet covers (Table 3) were relatively stable, as desired.  Controls on plant establishment and 
whole plant death were sufficient to allow facet covers to be adjusted well.  The lack of a spin-up 
period is evident, in that some facet covers vary from their base values in initial years prior to 
reaching some equilibrium.   
 
Sensitivity Analysis Methods 
 
We conducted what is termed a local sensitivity analysis, where the influence of changing a 
single parameter was assessed, all else being unchanged.  This contrasts with a global sensitivity 
analysis, where the sensitivity of a simulation to ambiguity in many inputs is assessed 
simultaneously.  Such an analysis is helpful, but beyond the scope of this effort.  Another 
simplification that was made was to not conduct sensitivity analyses on the 11 parameters that 
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influence fire (plus fire would have had to have been parameterized), or the five parameters that 
allow fertilization (plus its parameterization).   
 
G-Range outputs may be reported directly in sensitivity analyses (i.e., the equivalent of Tables 2 
and 3 for every simulation), but the deviations seen in outputs versus the observed surfaces 
would make that confusing.  Instead, the baseline simulation (Tables 2, 3) was the datum to 
which sensitivity results from G-Range simulations were compared.  Deviations from the values 
in those tables were of interest.  Seven sensitivity values were tested for each parameter, with 
one of those values typically being that used in the baseline simulation.  The range of values 
tested was suggested by variability in values between biomes, by practical limits, or by our 
knowledge of reasonable ranges for parameters.   
 
A version of the FIT.AML was modified to support sensitivity analyses, and a brief program was 
prepared to run the seven simulations in sequence.  A main change made was to reporting, in that 
G-Range output included the subtraction of results from the baseline simulation.  A suite of 
seven parameter files was edited by hand to represent a single sensitivity analysis.  Each set of 
seven simulations required about 8 hours to complete, and 94 such analyses were used to 
characterize the sensitivity of 56 variables.  The difference in counts is due to their being 
families of values given for some parameters.  For example, leaf_death_rate provides three 
values, one for herbs, one for shrubs, and one for trees.  Each was assessed separately.  Results 
from two variables are not available due to technical difficulties.   
 
To constrain the length of this report, we limited the summary for each sensitivity analysis to one 
page.  Three graphs are provided, often one of a selected facet cover and two chosen from the 11 
candidate physical or biochemical responses assessed.  No spatial responses are presented, as 
these assessments are at the biome scale; averages of rangeland cells within biomes were what 
was assessed.  In each page, the purpose of the parameter was described.  The means that were 
used to assign baseline values was cited.  The values used in sensitivity analyses were reported.  
In that table and in the figures, for simplicity, the simulations are referred to by the numbers 1 
through 7.  Readers may refer to the table of sensitivity analyses to see the values referred to by 
the numbers.  Results are interpreted, and then brief conclusions are drawn.   
  



13 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sensitivity Analysis Results 
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 b
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h
e

 v
a

lu
e

 f
o

r 
la

n
d

sc
a

p
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h
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 f
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 p
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 d
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 c
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 c
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 d
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 c

a
rb

o
n

 

d
e

n
si

ty
 (

a
b

o
ve

) 
a

n
d

 n
e

t 
p
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 p
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. 
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 b
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 d
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 b
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l b
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 p
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 m
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ra
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 f
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ra
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h
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 b
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 f
ro

m
 s

o
il

s.

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 v
a

ri
a

b
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 C
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p
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h
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p
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 m
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p
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0
.3

0
0

6
 –

0
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 f
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 c
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 p
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w
e

ll
.

C
o

n
cl

u
si

o
n

: 
A

 t
h

o
ro

u
g

h
 r
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 c
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 c
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 b
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 c
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b
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 b
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 f
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 c
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p
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h
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p
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n
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 d
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l c
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h
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 s
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 d
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 r
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h
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ra
ct

io
n

 a
p

p
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 p
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p
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 b
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n
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p
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 p
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p
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 c
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g
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n
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s 
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p
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 p
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a
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ve
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n
n

u
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e
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p
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m
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 p
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d
u
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n
 c
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n
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 c
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 t
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 c
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 c
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n
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p
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p
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e
d

 5
%

 i
n

 h
ig

h
 C

 t
o

 N
 r

a
ti

o
s.

C
o

n
cl

u
si

o
n

: 
E

st
im

a
te

s 
fo

r 
th

e
 p
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 r
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 c
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 c
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 c

a
rb

o
n

 

d
e

n
si

ti
e

s 
w

e
re

 h
ig

h
, 

li
ve

 c
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 f
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b
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 c
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 d
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 c
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 c
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 c
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 f
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 d
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n
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d
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 p
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 m
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n
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w
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 d
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p
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 t
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 p
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 c

o
ve

rs
 d

id
 n

o
t 

ch
a

n
g

e
. 

 A
ll

 b
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 p
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 c
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 c
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 c
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 b
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 d
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e
m

o
ve

d
 f

ro
m

 t
h

e
 p
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 p
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p
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p
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p
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 p
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 p
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p
e

ra
tu

re
s,

 a
n

d
 t

w
o

 p
a

ra
m

e
te

rs
 d
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p
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.
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h
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p
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b
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 c
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 c
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 l
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 c
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 c
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 c
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 c
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h

e
 

co
e

ff
ic

ie
n

t 
w

a
s 

0
.0

0
1

, 
a

n
d

 d
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 p
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 t
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 c
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 b
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d
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n
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l f
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 b
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 r
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h
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 f
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 m
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.0

5
0

 f
o

r 
u

n
it

s 
1

4
 a

n
d

 1
5

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

1
 –

0
.0

0

2
 –

0
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 f
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d
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 f
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 r
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 c
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 p
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 t
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 m
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 c
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p
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ra
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 c
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u
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ra
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 b
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 d
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 p
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ra
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 b
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a
te

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b

le
 m

a
xi

m
u

m
_

ro
o

t_
d

e
a

th
_

ra
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 d
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 d

e
a

th
 r

a
te

 is
 t

h
e

n
 

m
o

d
if

ie
d

 b
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b
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n
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h
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e
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 m
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n
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 c
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b
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 c
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 c
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 b
u

t 
o

th
e

r 

ch
a

n
g

e
s 

w
e

re
 m

o
re

 m
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 c
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 l
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 c
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n
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 c
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 p
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 d
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 p
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n
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 f
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b
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p
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n
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 c
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 c
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 c
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 c
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p
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 t
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 d
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n
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 c
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 c
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 c
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 t
h

e
 

e
xa

m
p

le
 f

il
e

s 
o

f 
C

e
n

tu
ry

, 
th

e
n

 a
d

ju
st

e
d

 t
o

 i
m

p
ro

ve
 m

o
d

e
l 

fi
t.

B
a

se
li

n
e

 v
a

lu
e

s

V
a

ri
o

u
s 

va
lu

e
s.

  T
w

o
 s

e
le

ct
e

d
 u

n
it

s 
a

re
:

0
.0

0
9

, 
0

.1
5

0
, 

0
.0

2
0

, 
1

8
0

0
.0

  
fo

r 
u

n
it

 1

0
.0

1
2

, 
0

.1
8

0
, 

0
.0

1
2

, 
1

2
0

0
.0

 f
o

r 
u

n
it

 1
5

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

(a
d

ju
st

in
g

 p
h

e
n

o
lo

g
y
 o

n
ly

)

1
 –

0
.1

1

2
 –

0
.1

3

3
 –

0
.1

5

4
 –

0
.1

7

5
 –

0
.1

9

6
 –

0
.2

1

7
 –

0
.2

3
In

te
rp

re
ta

ti
o

n
: 

C
h

a
n

g
e

s 
in

 l
iv

e
 c

a
rb

o
n

 d
e

n
si

ty
 w

e
re

 u
p

 t
o

 2
8

0
 g

 m
-2

, 

a
s 

sh
o

o
t 

d
e

n
si

ty
 c

h
a

n
g

e
d

. 
 L

e
a

f 
a

re
a

 i
n

d
e

x 
ch

a
n

g
e

 l
e

ss
 t

h
a

n
 0

.8
. 

 

A
n

n
u

a
l e

va
p

o
tr

a
n

sp
ir

a
ti

o
n

 c
h

a
n

g
e

d
 u

p
 t

o
 4

 c
m

 (
to

p
),

 a
n

d
 p

la
n

t 

a
va

il
a

b
le

 w
a

te
r 

ch
a

n
g

e
d

 le
ss

 t
h

a
n

 0
.0

7
 c

m
. 

  
A

n
n

u
a

l n
e

t 
p

ri
m

a
ry

 

p
ro

d
u

ct
iv

it
y
 s

h
o

w
e

d
 m

o
d

e
st

 c
h

a
n

g
e

s 
(a

b
o

ve
).

  
H

e
rb

a
ce

o
u

s 
co

ve
r 

ch
a

n
g

e
d

 u
p

 t
o

 1
2

%
 i

n
 r

e
sp

o
n

se
 t

o
 c

h
a

n
g

e
s 

in
 d

e
a

th
 r

a
te

 a
ss

o
ci

a
te

d
 

w
it

h
 p

h
e

n
o

lo
g

y
 (

le
ft

).
  
C

h
a

n
g

e
s 

to
 w

o
o

d
y
 c

o
ve

r 
w

e
re

 v
e

ry
 s

m
a

ll
. 

 A
s 

is
 

ty
p

ic
a

l,
 c

h
a

n
g

e
s 

in
 h

e
rb

a
ce

o
u

s 
co

ve
r 

w
e

re
 o

ff
se

t 
b

y
 c

h
a

n
g

e
s 

in
 b

a
re

 

g
ro

u
n

d
 c

o
ve

r.

C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a

ra
m

e
te

r 
is

 i
m

p
o

rt
a

n
t 

in
 d

e
sc

ri
b

in
g

 h
e

rb
a

ce
o

u
s 

sh
o

o
t 

m
o

rt
a

li
ty

 a
n

d
 w

il
l 

b
e

 r
e

ta
in

e
d

.
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3
4

c.
  

S
h

o
o

t 
d

e
a

th
 r

a
te

 –
S

h
a

d
in

g

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b

le
 s

e
t 

sh
o

o
t_

d
e

a
th

_
ra

te
co

n
tr

o
ls

 d
e

a
th

 r
a

te
 

o
f 

h
e

rb
a

ce
o

u
s 

sh
o

o
ts

 f
ro

m
 t

h
re

e
 s

o
u

rc
e

s,
 1

) 
w

a
te

r 
st

re
ss

, 
2

) 

p
h

e
n

o
lo

g
ic

a
ll

im
it

s,
 a

n
d

 3
) 

sh
a

d
in

g
. 
 T

h
e

 f
ir

st
 t

h
re

e
 v

a
lu

e
s 

a
re

 

d
e

a
th

 r
a

te
s,

 t
h

e
 l
a

st
 i
s 

a
 c

a
rb

o
n

 c
o

n
ce

n
tr

a
ti

o
n

 r
e

fl
e

ct
in

g
 s

h
a

d
in

g
 

b
y
 h

e
rb

a
ce

o
u

s 
le

a
ve

s.

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
In

it
ia

li
ze

d
 b

a
se

d
 o

n
 F

S
D

E
T

H
 i
n

 t
h

e
 

e
xa

m
p

le
 f

il
e

s 
o

f 
C

e
n

tu
ry

, 
th

e
n

 a
d

ju
st

e
d

 t
o

 i
m

p
ro

ve
 m

o
d

e
l 

fi
t.

B
a

se
li

n
e

 v
a

lu
e

s

V
a

ri
o

u
s 

va
lu

e
s.

  T
w

o
 s

e
le

ct
e

d
 u

n
it

s 
a

re
:

0
.0

0
9

, 
0

.1
5

0
, 

0
.0

2
0

, 
1

8
0

0
.0

  
fo

r 
u

n
it

 1

0
.0

1
2

, 
0

.1
8

0
, 

0
.0

1
2

, 
1

2
0

0
.0

 f
o

r 
u

n
it

 1
5

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

(a
d

ju
st

in
g

 s
h

a
d

in
g

 o
n

ly
)

1
 –

0
.0

0
5

2
 –

0
.0

0
9

3
 –

0
.0

1
3

4
 –

0
.0

1
7

5
 –

0
.0

2
1

6
 –

0
.0

2
5

7
 –

0
.0

2
9

In
te

rp
re

ta
ti

o
n

: 
T

h
e

re
 w

e
re

 a
lm

o
st

 n
o

 c
h

a
n

g
e

s 
in

 G
-R

a
n

g
e

 o
u

tp
u

t 

a
ss

o
ci

a
te

d
 w

it
h

 c
h

a
n

g
e

s 
to

 s
h

a
d

in
g

 f
ro

m
 h

e
rb

a
ce

o
u

s 
le

a
ve

s 
o

n
 s

h
o

o
t 

d
e

a
th

 r
a

te
. 

 T
h

is
 i
s 

re
la

te
d

 t
o

 t
h

e
 b

in
a

ry
 n

a
tu

re
 o

f 
in

cl
u

si
o

n
 o

f 
th

e
 

sh
a

d
in

g
 e

ff
e

ct
 –

if
 c

a
rb

o
n

 d
e

n
si

ty
 e

xc
e

e
d

s 
th

e
 f

o
u

rt
h

 v
a

lu
e

 g
iv

e
n

, 
th

e
 

e
ff

e
ct

 is
 i

n
cl

u
d

e
d

, 
if

 i
t 

d
o

e
s 

n
o

t 
it

 i
s 

n
o

t 
u

se
d

. 
  

Fa
ce

t 
co

ve
rs

 d
id

 n
o

t 

ch
a

n
g

e
 i
n

 r
e

sp
o

n
se

 t
o

 c
h

a
n

g
e

s 
in

 h
e

rb
a

ce
o

u
s 

sh
o

o
t 

d
e

a
th

 r
a

te
 

a
ss

o
ci

a
te

d
 w

it
h

 p
h

e
n

o
lo

g
y.

C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a

ra
m

e
te

r 
is

 i
m

p
o

rt
a

n
t 

in
 d

e
sc

ri
b

in
g

 h
e

rb
a

ce
o

u
s 

sh
o

o
t 

m
o

rt
a

li
ty

 a
n

d
 w

il
l 

b
e

 r
e

ta
in

e
d

.
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3
5

. 
 P

ro
p

o
rt

io
n

 a
n

n
u

a
ls

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b

le
 p

ro
p

o
ti

o
n

_
a

n
n

u
a

ls
re

fl
e

ct
s 

th
e

 

p
ro

p
o

rt
io

n
 o

f 
h

e
rb

a
ce

o
u

s 
ve

g
e

ta
ti

o
n

 t
h

a
t 

is
 a

n
n

u
a

ls
 v

e
rs

u
s 

th
e

 

p
ro

p
o

rt
io

n
 t

h
a

t 
is

 p
e

re
n

n
ia

l.
  

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 v
a

lu
e

s 
w

e
re

 i
n

fe
rr

e
d

, 
b

u
t 

a
re

 w
e

a
k
ly

 

d
e

fi
n

e
d

. 
 M

o
re

 r
e

se
a

rc
h

 is
 n

e
e

d
e

d
 t

o
 i
m

p
ro

ve
 t

h
e

ir
 a

ss
ig

n
m

e
n

t.

B
a

se
li

n
e

 v
a

lu
e

s

0
.4

0
 f

o
r 

u
n

it
 1

0
.2

0
 f

o
r 

u
n

it
s 

2
 t

o
 1

5

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

1
 –

0
.0

7

2
 –

0
.1

3

3
 –

0
.1

9

4
 –

0
.2

5

5
 –

0
.3

1

6
 –

0
.3

7

7
 –

0
.4

3

In
te

rp
re

ta
ti

o
n

: 
C

h
a

n
g

e
s 

d
u

e
 t

o
 p

ro
p

o
rt

io
n

 o
f 

a
n

n
u

a
ls

 le
d

 t
o

 s
o

m
e

 

ch
a

n
g

e
s 

in
 G

-R
a

n
g

e
 o

u
tp

u
t 

th
a

t 
w

e
re

 s
m

a
ll

e
r 

th
a

n
 e

xp
e

ct
e

d
, 

b
u

t 

th
e

se
 a

n
n

u
a

l s
u

m
m

a
ri

e
s 

d
o

 n
o

t 
ca

p
tu

re
 w

it
h

in
 y

e
a

r 
d

if
fe

re
n

ce
s.

  

A
n

n
u

a
l e

va
p

o
tr

a
n

sp
ir

a
ti

o
n

 c
h

a
n

g
e

d
 u

p
 t

o
 2

 c
m

, 
a

n
d

 s
o

il
 t

e
m

p
e

ra
tu

re
 

ch
a

n
g

e
d

 li
tt

le
. 

 S
o

il
 o

rg
a

n
ic

 c
a

rb
o

n
 c

h
a

n
g

e
d

 u
p

 t
o

 4
0

0
 g

 m
-2

. 
 C

a
rb

o
n

 

to
 n

it
ro

g
e

n
 r

a
ti

o
 c

h
a

n
g

e
d

 le
ss

 t
h

a
n

 0
.4

 (
a

b
o

ve
) 

a
n

d
 le

a
f 

a
re

a
 in

d
e

x 

o
ve

r 
0

.6
 u

n
it

s 
(t

o
p

).
 H

e
rb

a
ce

o
u

s 
co

ve
r 

ch
a

n
g

e
d

 u
p

 t
o

 1
2

%
. 

 W
o

o
d

y
 

ty
p

e
s 

ch
a

n
g

e
d

 li
tt

le
. 
 

C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a

ra
m

e
te

r 
re

p
re

se
n

ts
 a

 c
ri

ti
ca

l 
co

m
p

o
n

e
n

t 
o

f 

e
co

sy
st

e
m

s 
a

n
d

 in
fl

u
e

n
ce

s 
in

tr
a

-a
n

n
u

a
l s

ys
te

m
 d

y
n

a
m

ic
s 

(t
h

o
u

g
h

 n
o

t 

re
p

re
se

n
te

d
 h

e
re

).
  V

a
lu

e
s 

a
ss

ig
n

e
d

 s
h

o
u

ld
 b

e
 r

e
fi

n
e

d
.
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3
6

. 
 M

o
n

th
 t

o
 r

e
m

o
v

e
 a

n
n

u
a

ls

P
u

rp
o

se
: 

 A
n

n
u

a
ls

 d
ie

 a
t 

a
 r

a
te

 s
e

t 
b

y
 a

n
 e

n
tr

y
 i
n

 

sh
o

o
t_

d
e

a
th

_
ra

te
(h

e
re

, 
e

n
tr

y
 3

4
b

),
 b

u
t 

th
a

t 
ra

te
 m

a
y
 n

o
t 

e
n

su
re

 a
ll

 a
n

n
u

a
ls

 a
re

 r
e

m
o

ve
d

 e
a

ch
 y

e
a

r.
  

M
o

n
th

_
to

_
re

m
o

ve
_

a
n

n
u

a
ls

is
 t

h
e

 p
e

ri
o

d
 w

h
e

n
 a

ll
 r

e
m

a
in

in
g

 

a
n

n
u

a
ls

 a
re

 k
il

le
d

. 
 

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 s
a

m
e

 v
a

lu
e

 is
 u

se
d

 t
h

ro
u

g
h

o
u

t,
 a

n
d

 

is
 s

e
t 

to
 D

e
ce

m
b

e
r.

  
 M

o
re

 r
e

se
a

rc
h

 in
to

 e
n

d
s 

o
f 

se
a

so
n

s 
w

o
u

ld
 

b
e

 b
e

n
e

fi
ci

a
l.

B
a

se
li

n
e

 v
a

lu
e

s

1
2

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

(n
o

te
 u

n
e

q
u

a
l i

n
te

rv
a

ls
)

1
 –

1

2
 –

2

3
 –

4

4
 –

6

5
 –

8

6
 –

1
0

7
 –

1
2

In
te

rp
re

ta
ti

o
n

: 
C

h
a

n
g

e
s 

in
 G

-R
a

n
g

e
 o

u
tp

u
t 

in
 r

e
sp

o
n

se
 t

o
 d

if
fe

re
n

t 

m
o

n
th

s 
to

 r
e

m
o

ve
 a

n
n

u
a

ls
 w

e
re

 s
m

a
ll

. 
  

T
h

is
 i

s 
e

xp
e

ct
e

d
, 

g
iv

e
n

 t
h

a
t 

th
e

 r
a

te
 o

f 
d

e
a

th
 d

u
e

 t
o

 p
h

e
n

o
lo

g
y
 s

h
o

u
ld

 le
a

ve
 f

e
w

 h
e

rb
s 

to
 b

e
 

re
m

o
ve

d
 w

h
e

n
 t

h
e

 m
o

n
th

 is
 r

e
a

ch
e

d
. 

 F
o

r 
e

xa
m

p
le

, 
ca

rb
o

n
 t

o
 

n
it

ro
g

e
n

 r
a

ti
o

 c
h

a
n

g
e

d
 u

p
 t

o
 0

.1
5

, 
a

n
d

 le
a

f 
ca

rb
o

n
 d

e
n

si
ty

 c
h

a
n

g
e

d
 

u
p

 t
o

 6
0

 g
 m

-2
. 

 A
n

n
u

a
l n

e
t 

p
ri

m
a

ry
 p

ro
d

u
ct

iv
it

y
 c

h
a

n
g

e
d

 le
ss

 t
h

a
n

 2
0

 

g
 m

-2
. 

 H
e

rb
a

ce
o

u
s 

co
ve

r 
ch

a
n

g
e

d
 u

p
 t

o
 5

%
 (

le
ft

).
  
W

o
o

d
y

 t
y
p

e
s 

ch
a

n
g

e
d

 v
e

ry
 l
it

tl
e

.

C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a

ra
m

e
te

r 
is

 a
n

 i
m

p
o

rt
a

n
t 

a
n

d
 e

a
si

ly
 i

n
te

rp
re

ta
b

le
 

co
n

tr
o

l 
to

 h
e

lp
 h

e
rb

s 
b

e
 w

e
ll

 r
e

p
re

se
n

te
d

, 
a

n
d

 w
il

l 
b

e
 r

e
ta

in
e

d
.
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3
7

a
. 

 R
e

la
ti

v
e

 s
e

e
d

 p
ro

d
u

ct
io

n
 -

H
e

rb
s

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b

le
 s

e
t 

re
la

ti
ve

_
se

e
d

_
p

ro
d

u
ct

io
n

p
ro

v
id

e
s 

a
n

 

in
d

e
x 

to
 t

h
e

 in
it

ia
l n

u
m

b
e

r 
o

f 
se

e
d

s 
p

ro
d

u
ce

d
 b

y
 h

e
rb

s,
 s

h
ru

b
s,

 

a
n

d
 t

re
e

s.
  
F
o

r 
e

a
ch

 f
a

ce
t,

 t
h

e
 v

a
lu

e
 is

 t
h

e
n

 m
o

d
if

ie
d

 b
a

se
d

 o
n

 

co
n

tr
o

ls
 o

n
 e

st
a

b
li

sh
m

e
n

t,
 s

u
ch

 a
s 

li
m

it
a

ti
o

n
s 

d
u

e
 t

o
 w

a
te

r 
o

r 

li
tt

e
r.

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 v
a

lu
e

s 
w

e
re

 i
n

fe
rr

e
d

, 
th

e
n

 a
d

ju
st

e
d

 

to
 i
m

p
ro

ve
 m

o
d

e
l 
fi

t.

B
a

se
li

n
e

 v
a

lu
e

s

V
a

ri
o
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 c
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 c
a

rb
o

n
 t

o
 n

it
ro

g
e

n
 r

a
ti

o
 c
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 c
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e
fl

e
ct

 t
h

e
 e

ff
e

ct
 o

f 
w

a
te

r 

li
m

it
a

ti
o

n
s 

o
n

 f
a

ce
t 

co
ve

r,
 a

n
d

 s
h

o
u

ld
 b

e
 r

e
ta

in
e

d
.

rboone
Text Box
65



3
8

c.
  

W
a

te
r 

e
ff

e
ct

 o
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e
d

 u
p

 

to
 2

.4
%

, 
a

n
d

 h
e

rb
s 

ch
a

n
g

e
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 t
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 f
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p
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p
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 d
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 c
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 c
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 c
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 d
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 l
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d
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p
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 d
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 p
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 d
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 r
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w
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 d
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 c
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 c
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 l
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 c
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b
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 c
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 d
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 d
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 t
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ra
l p

a
tt

e
rn

 s
im

il
a

r 
to

 h
e

rb
s,

 a
n

d
 t

re
e

s 
ch

a
n

g
e

d
 u

p
 t

o
 1

%
. 

 B
a

re
 

g
ro

u
n

d
 c
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 p
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 c
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 t
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 l
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p
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 c
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h
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n
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u
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g
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d
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u

g
h

t 
d

e
ci

d
u

o
u

s

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b

le
 d

ro
u

g
h

t_
d

e
ci

d
u

o
u

s
id

e
n

ti
fi

e
s 

th
e

 

p
ro

p
o

rt
io

n
 o

f 
p

la
n

ts
 in
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 l

a
n

d
sc

a
p

e
 u

n
it

 a
n

d
 o

f 
a

 g
iv

e
n

 f
a

ce
t 

ty
p

e
 

th
a

t 
a

re
 d

ro
u

g
h

t 
d

e
ci

d
u

o
u

s.
  A

 p
o

rt
io

n
 o

f 
le

a
ve

s 
re
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te

d
 t

o
 w

a
te

r 

a
va
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a

b
il

it
y
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n
d

 t
h

e
 d

e
a

th
 r

a
te

 o
f 

d
e

ci
d

u
o

u
s 

le
a

ve
s 

a
n

d
 t

h
is

 

p
a

ra
m

e
te

r 
is

 u
se

d
 t

o
 a

d
d

 in
cr

e
m

e
n

ta
ll

y
 t

o
 d

e
a

d
 le

a
ve

s.
  

B
a

si
s 
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r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 v
a

lu
e

 w
a

s 
in

fe
rr

e
d

, 
b

u
t 

re
q

u
ir

e
d

 

fu
rt

h
e

r 
re

se
a
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h

 t
o
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ig
n

 b
e

tt
e

r 
va

lu
e

s.

B
a
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n
e

 v
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lu
e

s

0
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0
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s

S
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0
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0
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0
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0
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0
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0
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0
.1

5
, 

0
.1

5
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0
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5
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0
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0
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0
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0
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0
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0
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0
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5
, 

0
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0
.2

5

6
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0
.3

0
, 

0
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0
, 

0
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0

7
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0
.3

5
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0
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0
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5

In
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re
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: 
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h
a

n
g
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-R
a

n
g

e
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u
tp

u
t 
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 r

e
sp

o
n

se
 t

o
 c

h
a

n
g

e
s 
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th
e

 p
ro

p
o

rt
io

n
 o

f 
p

la
n

ts
 t

h
a

t 
w

e
re

 d
ro

u
g

h
t 

d
e

ci
d

u
o

u
s 

w
e

re
 

m
o

d
e

ra
te

. 
 P

la
n

t-
a

va
il

a
b

le
 w

a
te

r 
ch

a
n

g
e

d
 u

p
 t

o
 0

.2
8

 c
m

 (
a

b
o

ve
),

 a
n

d
 

a
n

n
u

a
l e

va
p

o
tr

a
n

sp
ir

a
ti

o
n

 c
h

a
n

g
e

d
 in
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n

 o
p

p
o

si
te

 m
a

n
n

e
r,

 u
p

 t
o

 4
.3
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. 

 S
o

il
 o

rg
a

n
ic

 c
a

rb
o

n
 c

h
a

n
g

e
d

 u
p

 t
o

  
1

1
5

 g
 m

-2
, 

in
 t

h
e

 p
o

la
r 

u
n

it
 

(t
o

p
).

  
C

h
a

n
g

e
s 
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 f

a
ce

t 
co

ve
r 

w
e
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 s

m
a

ll
 i

n
 r

e
sp

o
n
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 t

o
 c

h
a

n
g

e
s 
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p
ro

p
o

rt
io

n
s 

o
f 

d
ro

u
g

h
t 

d
e

ci
d

u
o

u
s 

p
la

n
ts

. 
 T

re
e

s 
ch

a
n

g
e

d
 le

ss
 t

h
a

n
 

0
.5

%
, 

a
n

d
 s

h
ru

b
s 

le
ss

 t
h

a
n
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.8

%
. 
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e

rb
 c

o
ve

r 
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a
n

g
e

d
 u

p
 t

o
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.3
%

. 
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h

e
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 c
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o
 m
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d
 p
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o
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n

g
e
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a
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u
n

d
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C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a
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m

e
te
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p
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a
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e
m

 p
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f 
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n
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a

n
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u
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 c
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 b
e

 i
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. 
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ra
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io
n
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o

o
d

y
 l

e
a

f 
n

it
ro

g
e

n
 t

ra
n

sl
o
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te

d

P
u

rp
o
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: 
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h

e
 v

a
ri

a
b

le
 f

ra
ct

io
n
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w

o
o

d
y
_
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a
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n

_
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n
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o
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te

d

d
e
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ri

b
e
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e
 p

ro
p

o
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n
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f 

le
a
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n

it
ro

g
e

n
 t

h
a

t 
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 t
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n
sl

o
ca

te
d

to
 

o
th

e
r 

p
la

n
t 

p
a

rt
s 

p
ri

o
r 

to
 t

h
e

 d
e

a
th

 o
f 

d
e

ci
d

u
o

u
s 

le
a

ve
s.

  
W

o
o

d
y
 

p
la

n
ts

 h
a

ve
 e

vo
lv

e
d

 t
o

 w
it

h
d

ra
w

 s
o

m
e

 n
it

ro
g

e
n

 f
ro

m
 l

e
a

ve
s 

p
ri

o
r 

to
 t

h
e

ir
 s

e
n

e
sc

e
n

ce
. 

 

B
a

si
s 

fo
r 

a
ss

ig
n

m
e

n
t:

  
T

h
e

 v
a

lu
e

 w
a

s 
a
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ig

n
e

d
 b

a
se

d
 o

n
 t

h
e

 

va
ri

a
b

le
 F

O
R

R
T

F
 i

n
 e
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m

p
le

 f
il

e
s 

 d
is

tr
ib

u
te

d
 w

it
h

 t
h

e
 C

e
n

tu
ry

 

m
o

d
e

l.
 

B
a

se
li

n
e

 v
a

lu
e

s

0
.3

 i
n

 a
ll

 u
n

it
s

S
e

n
si

ti
v

it
y

 v
a

lu
e

s:

1
 –

0
.1

5

2
 –

0
.2

0

3
 –

0
.2

5

4
 –

0
.3

0

5
 –

0
.3

5

6
 –

0
.4

0

7
 –

0
.4

5

In
te

rp
re

ta
ti

o
n

: 
 C

h
a

n
g

e
s 

in
 e

va
p

o
tr

a
n

sp
ir

a
ti

o
n

 w
e

re
 s

m
a

ll
, 

u
p

 t
o

 0
.1

5
 

cm
, 

a
n

d
 s

o
il

 t
e

m
p

e
ra

tu
re

, 
p

la
n

t-
a

va
il

a
b

le
 w

a
te

r,
 a

n
d

 d
e

co
m

p
o

si
ti

o
n

 

co
e

ff
ic

ie
n

ts
 w

e
re

 e
ss

e
n

ti
a

ll
y
 u

n
ch

a
n

g
e

d
. 
 S

o
il

 o
rg

a
n

ic
 c

a
rb

o
n

 c
h

a
n

g
e

d
 

u
p

 t
o

 9
0

 g
 m

-2
, 

a
n

d
 t

h
e

 c
a

rb
o

n
 t

o
 n

it
ro

g
e

n
 r

a
ti

o
 (

th
e

 o
n

ly
 m

e
tr

ic
 

te
st

e
d

 d
ir

e
ct

ly
 a

ss
o

ci
a

te
d

 w
it

h
 n

it
ro

g
e

n
) 

ch
a

n
g

e
d

 u
p

 t
o

 0
.3

1
5

 (
to

p
).

  

A
n

n
u

a
l n

e
t 

p
ri

m
a

ry
 p

ro
d

u
ct

iv
it

y
 c

h
a

n
g

e
d

 u
p

 t
o

 9
4
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 m
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a
b

o
ve

).

C
h

a
n

g
in

g
 t

h
e

 f
ra

ct
io

n
 n

it
ro

g
e

n
 t

ra
n

sl
o

ca
te

d
d

id
 n

o
t 

ch
a

n
g

e
 f

a
ce

t 

co
ve

r 
ve

ry
 m

u
ch

, 
su

ch
 a

s 
b

a
re

 g
ro

u
n

d
 le

ss
 t

h
a

n
 2

.3
%

, 
w

it
h

 h
e

rb
 c

o
ve

r 

ch
a

n
g

in
g

 o
p

p
o

si
te

. 
 S

h
ru

b
 a

n
d

 t
re

e
 c

o
ve

r 
w

e
re

 u
n

ch
a

n
g

e
d

.

C
o

n
cl

u
si

o
n
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 T

h
e

 p
a
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m

e
te

r 
ca

p
tu

re
s 

a
n

 e
ff

e
ct

 f
ro

m
 a

n
 i
m

p
o

rt
a

n
t 

a
d

a
p

ta
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o
n
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 p
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n

ts
, 

a
n

d
 w

il
l 

b
e

 r
e
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e
d

.
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e

a
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d
e

a
th

 r
a

te
 -

H
e
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s

P
u

rp
o

se
: 

 T
h

e
 v

a
ri

a
b
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 s

e
t 

 l
e

a
f_

d
e

a
th

_
ra

te
p

ro
v
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 v

a
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p
e

r 
fa
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t 

th
a
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e
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le

a
f 
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th
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a

te
 p
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r 
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n
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si
s 
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m
e

n
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T

h
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 v
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e

 w
a

s 
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rr

e
d
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b

u
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m

il
a
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ri
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b
le

s 
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 e
xa

m
p

le
 S

a
va

n
n

a
 a

p
p
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ti
o

n
s.

  V
a

lu
e

s 
w

e
re

 

a
d

ju
st

e
d

 t
o

 i
m

p
ro

ve
 m

o
d

e
l 
fi

t.

B
a

se
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n
e

 v
a

lu
e
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V
a
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o

u
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e
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w
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 u
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d
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w

it
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xa

m
p
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 e

n
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s 

b
e

in
g

:

0
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3
5
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0
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3

5
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0
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3
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0
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3
6
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0
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2
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0
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3
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0
.0

6
8

, 
0
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6

4
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0
.0

6
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S
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n
si

ti
v

it
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 v
a
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 v

a
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e
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o
n
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 c

h
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n
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e
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)
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0
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2

2
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0
.0

3

3
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0
.0
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4
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0
.0

5

5
 –

0
.0

6

6
 –

0
.0

7

7
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0
.0

8

In
te

rp
re

ta
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o
n

: 
 T

h
e
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 w

e
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o

 c
h

a
n

g
e

d
 in
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e
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o

n
se

 t
o

 c
h

a
n

g
e

s 
in

 

h
e

rb
a

ce
o

u
s 
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a

f 
d

e
a

th
 r

a
te

. 
  

T
h

e
 p

a
ra

m
e

te
r 

w
a

s 
n

o
t 

in
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rp
o

ra
te

d
 in

 

th
e

 h
e

rb
a

ce
o

u
s 
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m

p
o

n
e

n
t 

o
f 

th
e
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o

d
e

l,
 a

n
d

 t
h

a
t 
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 c

o
rr

e
ct

. 
  

T
h

e
 

p
a

ra
m

e
te

r 
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 n
o

t 
u

se
d

 h
e

re
. 

 I
n

st
e

a
d

, 
th

e
 v

a
ri

a
b

le
 s

e
t 
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o

o
t_

d
e

a
th

_
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te
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n
tr

o
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 m
o

rt
a
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C
o

n
cl

u
si

o
n

: 
 T

h
e

 p
a
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m

e
te

r 
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 r
e

q
u
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e

d
 t

o
 r

e
p
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n
t 
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a

f 
d

e
a
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a
n

d
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l 

b
e

 r
e
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e
d

. 
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o
w

e
ve

r,
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t 
w
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l 

b
e
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a

d
e

 c
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a
r 
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 t
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a
t 

th
e

 

h
e
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a
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o

u
s 
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e
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o
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u
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d
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o
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: 
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 l
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p
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 p
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ig
n

m
e

n
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h
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a

b
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lu
e

s 
w

e
re

 

a
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e
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p
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e
l 
fi
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se
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n
e

 v
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lu
e
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V
a
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e
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w
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 u
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m
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n
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b
e

in
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:
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3
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S
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n
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 c
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o
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h
a

n
g

e
s 
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u
a
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p
o

tr
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n
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o

n
 w

e
re

 u
p

 t
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0
.1

1
 c

m
, 

a
n

d
 s

o
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 t
e

m
p

e
ra
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re
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 f

ra
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n
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f 

d
e

g
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e
. 

 S
o
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a

n
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o
n

 c
h

a
n

g
e

d
 u

p
 t

o
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0
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-2
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a

n
d

 c
a
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o

n
 t

o
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g
e

n
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a
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o
 c

h
a

n
g

e
s 

u
p
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o
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.1
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e
t 

p
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m
a

ry
 p

ro
d

u
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iv
it

y
 c

h
a

n
g

e
d
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tt
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, 
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 t
h

a
n
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1

 g
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-2
, 

a
n

d
 le

a
f 

a
re

a
 i
n

d
e

x 
0

.0
3

5
 (

to
p

).
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e

 c
a
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o

n
 d

e
n

si
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 c
h

a
n

g
e

d
 a
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o

st
 

4
0

 g
 m
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. 
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h

a
n

g
e

s 
in

 f
a

ce
t 
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ve

r 
w

e
re
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m

a
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, 
w

it
h

 b
a

re
 g
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u

n
d
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a

n
g
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g

 u
p

 t
o
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%
. 

 H
e
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s 

ch
a

n
g

e
d
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n
 o

p
p

o
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a
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e
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w
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h
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b
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d
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e
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e
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n
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a
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y
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g
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d
.
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 p
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is

 r
e

q
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e
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n
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e
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 r
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Future Steps 
 
This sensitivity analysis is part of a joint approach to assessing G-Range.  Here extensive tests 
were conducted in a spatial way, but for a single year.  Complementary analyses by Dr. Sircely 
are using specific sites where field data provide an ability to make detailed comparisons through 
time.  With results of from these sensitivities and the site-specific analyses to refer to, we are 
well placed to adjust the G-Range application.  Specifically, we will: 

• Correct coding errors that have been identified by the results of sensitivity analyses.  No 
changes were made to the G-Range model coding during these analyses, so as to preserve 
a single baseline for comparison; 

• Incorporate a fire frequency spatial surface into the application, and edit fire parameters; 
• Rebalance and parameterize the G-Range application given what has been learned, jointly 

(to the degree possible) minimizing deviations from the spatial surfaces and site-specific 
observations. 

We will then release the model to be used by others, train users, and continue in our own work to 
address research questions and improve G-Range.   
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