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G-Range

G-Range is a global model that simulates genehbbanges in rangelands through time,
created with support from the International Livegti®esearch Institute. Spatial data and a set
of parameters that control plant growth and otltetagical attributes in landscape units

combine with computer code to represent ecologioatess such as soil nutrient and water
dynamics, vegetation growth, fire, and wild and @stic animal offtake. The model is spatial,
with areas of the world divided into square cellfiose cells that are rangelands have ecosystem
dynamics simulated. A graphical user interfadeved users to explore model output.

The G-Range application captures main primary pedn and its dynamics. It is of moderate
complexity, and of a nature that a user may leirnse in a week or less. A monthly time step
is used to simulate herbaceous plants, shrubsressl and those plant types can change in their



covers within each landscape cell through simuléited. The model represents all rangelands
within a single computer process, which simplities logistics involved in analyses.
Simulations may span a few to thousands of yeetailed information about G-Range and the
reason for its creation are described in Booné ¢2@11).

In August 2011, a beta version of G-Range was peal/to collaborators. The beta version of
G-Range that was distributed in a limited way ideld a parameter set that created draft
responses from the model at 1 degree x 1 degré@lsesolution. Those draft responses were
useful for demonstrating the architecture of thelelobut had not been rigorously compared to
observations. As part of this second effort, thkigs within that parameter set were edited
based on information from the literature, publisBpdtial surfaces, and our experience.
Extensive sensitivity analyses were then conducted.

Basdline Smulation M ethods

To guide creation of a baseline simulation we regglsome data that would be deemed ‘truth.’
These data were used to compare to output fromiig&raThe intent of these comparisons was
not to yield a final parameter set that would reprg well all areas within 15 biomes forever
after. Instead, it was to allow adjustment of pagters to change G-Range output from
essentially uncontrolled to something more in agrere with reality. In-so-far as that was the
goal, only cursory effort was put into determinthg validity of what is here deemed ‘truth;’ we
proceeded knowing that comparing results to pubtishr vetted data would be helpful. That
included for simulated output from the Century mod&hat model has been vetted many times
and gridded summaries of simulations are suitaiiedmparison with G-Range output. In
other words, given the unlimited range that G-Ramgiput could take, it would be reassuring if
output emulated results from the Century model.

We adopted a spatially explicit means of compagladpal responses from G-Range to various
responses. Simulations started in 1957 and cadifior 50 years, to 2006. Where year-specific
data were available, data from 2006 were used.séime spatial data, specific years were not
available, and so recent general responses wede Uis¢his baseline simulation, fire was not
incorporated and fertilization has not been inctude

We began with a list of the 100+ responses froma@&ge, and then selected from those the
types of responses that would be most helpful mgarisons. We then compiled from existing
Century simulations or materials from web sitedigpdata at 0.5 degree x 0.5 degree
resolution, the resolution used in this reportosSrtabulating those lists yielded a set of sugace
used in assessment. The 11 surfaces that wentesbbre show in Table 1.



Tablel. The global surface data used in comparisons @tange output during baseline
model fitting and sensitivity analyses.

1. Potential evapotranspiration: The values were compiled from Century outputfro
simulations at 0.5 degree x 0.5 degree resolu@amént et al., in prep.).

2. Soil surfacetemperature: Soil temperature values were compiled from Cenbutput
from simulations at 0.5 degree x 0.5 degree reolConant et al., in prep.).

3. Snow-water equivalent: Gridded snow water equivalent estimates crefated satellite
imagery, with values from 2006 used (ArmstrongleP@05). These data are at 25 km x
25 km resolution, with values averaged here tayli@hdscape cell values.

4. Annual evapotranspiration: Summed from a collection of grids produced ktr8x 8
km resolution showing continuous satellite-derigémbal monthly land surface
evapotranspiration for 2006 (Zhang et al. 201)e $urfaces were generalized to 0.5
degree x 0.5 degree resolution by averaging piakles. Values in mm/yr were
converted to cm/yr prior to use.

5. Plant-available soil water: Available water was summarized from 0.5 degr@ebx
degree resolution simulations from the Century rh@@enant et al., in prep.).

6. Decomposition coefficients: Decomposition coefficients are corrections agiplio rates
of decomposition. Here, values were taken fronogatodeling results from compiled
0.5 degree x 0.5 degree simulations from the Cgmhadel (Conant et al., in prep.).

7. Sail organic carbon: Total soil organic carbon was taken from congaenulations at
0.5 degree x 0.5 degree in the Century model (Qaetaal., in prep.).

8. Carbon to nitrogen ratio: From 0.5 degree x 0.5 degree estimates of cabnitrogen
ratios within the ISRIC — World Soil Informationtddase (Batjes 2002).

9. Livecarbon density: These data were calculate by summing above alwviground
live carbon densities from the New IPCC Tier-1 GloBiomass Carbon Map of the Year
2000 (Ruesch et al. 2008). The original map wagpptoximately 1 km x 1 km
resolution, and values were averaged to yield sienates used. Those estimates were
converted from tons carbon per ha to g/m

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

11.Leaf areaindex: Data were summed from 1998 estimates of totdldeca index at 0.5
degree x 0.5 degree resolution from the ISLSCRABIR-Adjusted NDVI Biophysical
Parameter Fields project (Sietse 2010).




A significant product from this work is a prograiled FIT.AML which works in ESRIs
(Redlands, CA) Arc Workstation software (listedAppendix B). The program was critical in
supporting the hundreds of simulations that hawnbeade, each creating goodness-of-fit
reports. For a given analysis, first, parameténeswere edited by hand. Then FIT.AML was
run, and it in turn ran the G-Range model. Thenlth parameters listed were processed in turn.
For each, an extraction tool described in Boorad.g¢2011) was run which drew from the binary
files produced by G-Range the data needed, fosy2204 to 2006 — 2006 was used in
comparison to spatial surfaces. The extractiognamm created a series of layers in ESRI ASCII
grid format. These were then converted to grigs,rative format ArcGIS uses to store raster
data, and then processed to remove values repirggent! values. Next, any summary statistics
were done, such as averaging or summing monthlyegahs appropriate. Analyses on a given
parameter were completed by subtracting the obddiee, the surfaces in Table 1) values from
simulated values, yielding a deviation from obsdria each pixel. Those values were then
averaged for each biome. The program then creategdort summarizing three types of data,
the deviation from observed values, the observagesahemselves, and the counts of cells used
to derive the values reported. The last two estaie the same for all reports, but having them
included in each report provided context.

The FIT.AML program then calls a tool that expdhs facet covers for herbs, shrubs, and trees,
plus bare ground cover, for the entire historyhef $imulation, 1957 to 2006. These are
summarized every five years, from 1960 to 2005e 3ystem then combines the results for
herbs, shrubs, trees, and bare ground in a siigl®f each fifth year summarized. The
program ends by creating a report in CSV format sheanmarizes 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-ugyiqel when creating the baseline simulation
or in sensitivity analyses, which has implicatidoisthe degree to which agreement could be
reached between G-Range output and the surfacasedein comparison, especially in regard to
soil carbon and carbon to nitrogen ratio. Spirpapods are used to allow simulation states to
reach equilibrium. For example, in Century simiolasg, users often run the model for 2000
years to allow soil carbon pools to reach equilibrj and save the state of the model. When
using the application in analyses, analysts uséldsthat were generated from the model spin-
up as starting points. Here, we did not want tesigpendent (partially) on the parameters used
during a model spin-up period, and running the rhmdong time series in each simulation

was not practical, and so a spin-up period wasised.

Basaline Simulation Results

More than 120 simulations were conducted while mpatars were adjusted and the fit of the
model output was improved. During that effort vegjan to learn about the ways in which



parameters of G-Range influence model output. Mfish responses were in the direction
expected based on the processes the parametengfout sometimes the results were
surprising. A subset of those surprises led toifpdide G-Range code (with comments in the
code tracking changes made). Ultimately, modiitcet seemed to be no longer improving the
fit of the model, and the parameter set was judgegidble for the sensitivity analyses reported
below. We stress that that parameter settisntended to be a final parameter set to be retkase
with G-Range. Rather, it brought essentially uticdled responses into some agreement with
vetted global surfaces, and provided a baselinthfosensitivity analyses.

Table 2 shows the average responses for the 15ekiospresented in the initial G-Range
application. Three sets of values are given, theation in the simulated results from the
observed values, the observed values themselves eount of the number of landscape cells
included in each biome that was treated as randeland simulated. The deviations should be
interpreted in comparison to the magnitudes oblbeerved values. Biome 6, “Boreal evergreen
forest or woodland” had insufficient rangeland €édl yield reliable results, and will not be
addressed further.

Table 3 provides the average facet covers eveeyyi@ars (plus the initial 1957 values) for the
15 biomes. Included is bare ground cover, whichnsinus the sum of the remaining facets.
The goal for parameterizing of information in TaBlevas to generate stable facet covers
through time.
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Deviations shown in Table 2a are instructive oresaMevels. Two of the metrics we compared
to we had suspected were not influenced by G-Rpagameters (confirmed during sensitivity
analyses), snow water-equivalent and potential @vapspiration. The deviations in those
metrics seen in Table 2a could never be influetgechanges made to parameters. The
differences seen in those metrics are due to sembioation of errors in the observed surfaces,
incomplete descriptions of the processes, codirgror generalizations and errors in the input
surfaces. Coding these processes is straightfdravad their mathematical descriptions are well
established. We suspect that the majority of dena from the observed values are due to the
generalized nature of CRU data (CRU 2008). Patkeatiapotranspiration was generally
underestimated by perhaps 10%, except in polardsomhere potential evapotranspiration was
overestimated. Snow water-equivalent estimates wafiable. Again, polar biomes were
poorly estimated, and (for several metrics) wererlycestimated for biome 7, boreal deciduous
forest or woodland.

Other metrics were influenced by changes in G-Rgagameters in-so-far as vegetation cover
or litter altered their values, such as soil terapge, annual evapotranspiration, plant-available
soil water, and decomposition coefficients. Annexpotranspiration was underestimated, and
plant-available water was greatly overestimatetficsent to require a review of the coding of
G-Range. Decomposition coefficients were overestiaoh.

More parameters were available to control the \sabfesoil organic carbon, carbon to nitrogen
ratio, live carbon density, net primary producityiand leaf area index. Live carbon density,
annual net primary productivity, and leaf area @egiwere represented reasonably, but with
some biomes represented less well. Soil orgamimoavas sometimes represented quite well,
but in polar biomes and in boreal deciduous fooestoodland estimates were too high,
sometimes greatly overestimated.

Facet covers (Table 3) were relatively stable,esirdd. Controls on plant establishment and
whole plant death were sufficient to allow facetes to be adjusted well. The lack of a spin-up
period is evident, in that some facet covers vemynftheir base values in initial years prior to
reaching some equilibrium.

Sensitivity Analysis M ethods

We conducted what is termed a local sensitivityysmis, where the influence of changing a
single parameter was assessed, all else beingngetha This contrasts with a global sensitivity
analysis, where the sensitivity of a simulatiomiebiguity in many inputs is assessed
simultaneously. Such an analysis is helpful, mydmd the scope of this effort. Another
simplification that was made was to not conductgifity analyses on the 11 parameters that
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influence fire (plus fire would have had to havemh@arameterized), or the five parameters that
allow fertilization (plus its parameterization).

G-Range outputs may be reported directly in sefitsitanalyses (i.e., the equivalent of Tables 2
and 3 for every simulation), but the deviationsnsieoutputs versus the observed surfaces
would make that confusing. Instead, the baselmealation (Tables 2, 3) was the datum to
which sensitivity results from G-Range simulatioveyre compared. Deviations from the values
in those tables were of interest. Seven sensitixdtues were tested for each parameter, with
one of those values typically being that used enldaseline simulation. The range of values
tested was suggested by variability in values betwsomes, by practical limits, or by our
knowledge of reasonable ranges for parameters.

A version of the FIT.AML was modified to suppornséivity analyses, and a brief program was
prepared to run the seven simulations in sequeAamain change made was to reporting, in that
G-Range output included the subtraction of redubis the baseline simulation. A suite of
seven parameter files was edited by hand to represgingle sensitivity analysis. Each set of
seven simulations required about 8 hours to compéatd 94 such analyses were used to
characterize the sensitivity of 56 variables. dH#&rence in counts is due to their being

families of values given for some parameters. déxaimple)eaf death rate provides three

values, one for herbs, one for shrubs, and ongdes. Each was assessed separately. Results
from two variables are not available due to techindifficulties.

To constrain the length of this report, we limited summary for each sensitivity analysis to one
page. Three graphs are provided, often one ofeatee facet cover and two chosen from the 11
candidate physical or biochemical responses askeds® spatial responses are presented, as
these assessments are at the biome scale; avefagageland cells within biomes were what
was assessed. In each page, the purpose of tregter was described. The means that were
used to assign baseline values was cited. Thesaised in sensitivity analyses were reported.
In that table and in the figures, for simplicitiietsimulations are referred to by the numbers 1
through 7. Readers may refer to the table of seitgianalyses to see the values referred to by
the numbers. Results are interpreted, and theh donclusions are drawn.
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Sensitivity Analysis Results
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Future Steps

This sensitivity analysis is part of a joint apprbdo assessing G-Range. Here extensive tests
were conducted in gpatial way, but for a single year. Complementary analyseDr. Sircely
are using specific sites where field data providelility to make detailed comparisons through
time. With results of from these sensitivities and sfie-specific analyses to refer to, we are
well placed to adjust the G-Range application. cBpally, we will:
» Correct coding errors that have been identifiedngyresults of sensitivity analyses. No
changes were made to the G-Range model codinggiimase analyses, so as to preserve
a single baseline for comparison;
» Incorporate a fire frequency spatial surface ih®application, and edit fire parameters;
* Rebalance and parameterize the G-Range appliggitien what has been learned, jointly
(to the degree possible) minimizing deviations fritv@ spatial surfaces and site-specific
observations.
We will then release the model to be used by othieai users, and continue in our own work to
address research questions and improve G-Range.
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