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Abstract

Introduction and objectives: The United States military operates many military bases in
extremely diverse geographic contexts. Many of these bases feature large areas of land that
areundeveloped or sparsely developed¢omparison to surroundings, prding a wide range of
important functions such as flood protection, habitat for plant and wildlife species, recreational
opportunities, and carbon sequestration. Therefolldary bases provide substantial ecosystem
services, primarily toesidents andsers of nearby land@his project develops methods to
conceptualize and quantify ecosystem services provided by U.S. military bases.

Technical approach:We developed conceptual ecosystem service models and related-benefit
relevant indicators to visualiznd quantify the potential services provided by military basfes.
thendevelogd an integrated modeling platforalledMoTIVES (Modelbased Tracking and
Integrated Valuation of Ecosystem Services) to quantify and evaluate ecosystem services
provided byalternativebase managemesirategies. This platform manages probabilistic
simulations of biophysical and economic models for relevant ecosystem sefviess.

biophysical and economic models in turn leveragdatest scientific understandirag how
maragement influencesnvironmental endpoints and, where possible, how these endpoints are
valued economically.

Results: This report presents conceptual ecosystem service models developed for a number of
habitat types and four military bas#&ge provide a pyof of concept foMoTIVES by

guantifying ecosystem servicasEglin Air Force Base in Floridand outlining how this model

can be adapted to other sites. At Eglin, we simulated changes in carbon storage, species habitat,
flooding, timber harvest, and hunting/fishing acribgsge scenarios: pntinuation otturrent
managemen®2) no natural resorce managemenend3) no base

Our simulations show that current natural resource management at Eglin provides important and
valuable services, particularly in providing flood protection and habitat fecaekladed

woodpecker. The subset of servicesmadeled total over #DM in value each yeaNet

benefits of the current management approach at Eglin is associated with net benefits that are
greater than alternative scenarios for land use: net benefits are $40M per year greater than a
hypothetical scem# in which the base does not exist and $90M per year greater than a scenario
in which base management activities are discontinmezbmparison with these alternative land

use scenariogurrent managemeptactices provide more habitat areaX0routof 12 other at

risk species in the longleaf pine ecosystemludingall pond and beach spediewhich could

not be valued monetarily. Other services provided by Eglin, such as shoreline protection, were
not modeled for this pilot case study, but alsovjte value.

Benefits: MOTIVES providesrelatableestimates of ecosystem service value for individual sites
that are readily understandablée alsodemonstrate how use of an integrateadeling

framework improves confidence in overall valuatitydrackinginterrelatedvaluesand
uncertaintiesOur approach is modular and eagignsferabldo very different contexts,

including military bases throughout the U.S. Finally, including uncertaiatidscomplex
environmental phenomena enhanceg¢aésm andcredibility of our valuations.



Executive Summary
Objectives

This projectaddressethe followingthreeobjectives from the SERD8tatement of Need:

1. Define and delineate the biological, physical and chemical services provided, including
natural ad naturebased features that provide benefit.

2. Understand cumulative effects, feedbacks and compensatory behavior of complex
systems related to management of natural ecosystems and biological diversity.

3. Examine models that incorporate economic conceptsretanay improve decisien
making to evaluate tradsffs.

To meetthese objectives, avare developing an integratigeosystem servicasodelcalled
MoTIVES (Model-based Tracking and Integrated Valuation of Ecosystem Service#)at
can be applied to anyilitary base or DOD facilityo estimate th@npactof basemanagement
ontheprovisionof ecosystem services while accounting for interactions, offsets, aoehedits
among services.

Approach

Ecosystem serviceare the benefitthatnature provides tpeople. Often, the existence of

healthy natural systems and species is of sufficient importance to decision makers that no further
information is needed, but manycasesit can bemoreimpactfuland informativeo quantify

the specific benefits that nae is providingTo this end, we ardevelopingtheintegrated

ecosystem services moddbTIVES sothatit can be applied to any military base or DOD

facility at whichnatural resource managemenb&ngundertakeror consideredThe model
encompasssawide range of habitats and management activities and will produce an assessment
of awide range of ecosystem sengaehile accounting for interactions among habitats and
servicesTo date, ve have developed methods &waluatingwo scenariosrelative to a

baseline of current management(1) ano management scenario to assess how ecosystem
services wouldliffer if the base did natonduct any natural resource managemamd ) a no

base scenario to asséssv ecosystem service provision wduiffer if the base did not exist.

We developed angiloted our conceptuamodels at four base&glin Air Force Base in Florida,
Fort Hood Army Base in Texas, Camp Lejeune Marine Base in NartbliGa, and Joint Base
Lewisi McChord in Washington. We then applitts approachusing more specific data and
relevant ecosystem servicesHglin Air Force Base as an example dfowit could be applied
elsewhere

The development ofuw integrated ecosystem services modeling approaaived

1. Creating a set of genalized ecosystem servicenceptual modelsas the foundation for
amodeling frameworlthat linksmanagement actions to ecogystservicesvhile
identifying potential interagdbns

2. Selecting and applyingiophysicalecological modelgterrestrial, aquatic, and flood
models)thatcharacterizecologicalstate condition and functiorunderthevarious
scenarios of interest



3. Translatingecologicalstate,condition and functiorto benefit relevant indicators
(BRIs) of ecosystem service provision,

4. Estimating theeconomicvalue of the BRI levelswhereverappropriate usingpproaches
including benefits transfer and direct estimation

5. Joiningthecomponents&boveinto theintegrated ecosystem services model
(MoTIVES) to quantitatively and holistically accouior cumulative effects, cbenefits,
feedbacks, and compensatory behavior.

Conceptual models

Ecosystem serviceonceptual modelsvisually display how dasemanagemeractioncan
causechanges to biophysical aspects of an ecosystem and bssvadhangesanslateo benefit
relevant indicatorand, when applicable, their economic values (Figiur&dch onceptual
models form the basis of osubsequent quantitativeodeling. Because there are common
habitat typeshat occur across DOD lands and thereddiena defined set of management
actions being taken within these habitats, we determineavthabuld formulate limited set of
generalizedhabitat conceptual nodelsto be adapted ahapplied to any military base toen
create dasespecific model These basspecific modelsre therused as thtamework for
guantitative estimatesf ecosystem services undgpecific baseelevantscenariosThus the
conceptubframework createconsistency irecosystem service assessment across bases,
displayinghow different elements of the systeémteractand providinga visual summary of the
relevant ecosystem services being quantified at each base.

Base Ecological Biophysical Social Benefit Relevant Economic Monetary Values

Management Models Effects Relevance Indicators Valuation Changes to the

DoD actions to Changesto Changesto the economic value of
manage habitats ecosystem provision of ecosystem services
and species characteristics ecosystem services being provided

Figure E1. General sructure of an ecosystem services conceptual mdtlelactual conceptual models
includea detailed epresentatiomf each of théour stages shown here.

Generalized habitat conceptual modelsEight generalized habitabnceptuamodels
have been created teflect commorecosystenservice flows on military bases. These models
illustrate how managemeattions on bases resuitchanges to ecosystem servibefng
provided by specifiterrestrial and aquatitabitat typethat occur on bases all evthe US.,
including: 1) firemaintained forests, 2) forests not maintained by fire, 3)nfiaintained
grasslands, 4) grasslands not maintained by fire, 5) deserts, 6) rivers, streams, and riparian areas,
7) lakes, ponds, and wetlands, and 8) estuaries, sdftniangs, and shorelines.

Basespecificconceptualmodels Generalized habitat modedseadapted and combined
to create basspecificconceptuamodels that reflect thecosystenservice changes resulting
from managemerdta particular base&since the gegralized models includeotentialecosystem
service outcomes, some outcomes may not be applicablgarticular base of interest.
Therefore, ¢ build a basspecificmodel, the useselectonly the habitat models relevant for the
baseand removesgrelevantcomponentsOnce eaclhelevanthabitat model has been adapted to
reflect the basspecificcontext,the resulting connected habitat modelgresenttheintegrative
conceptuamodeling frameworko be used to quantifthe baseotal ecosystenservice flows.

2



Quantitative predictive model MoTIVES

Ecological modelsareusedto representhe biophysicalconnections betweeananagement
actions and changes to ecosystgpe, conditionfunctionor extentFollowing are théwo
classes oécological mdels being used:

Terrestrial Vegetation Condition Models: Stateandtransition simulation models
(STSMs) describe the primary states of vegetation composition and structure, and how individual
states change over time under various disturbances (e.g., wildfire) or with management. We used
STSMs to project the effés of management actions suclpesscribedurningandtimber
harvest, disturbances such as wildfire and floods, and other processes on future vegetation
condition using the open source-Sim software. STSMs provide outputs describing the amount
of areaoccupied by each vegetation condition on a base under a set of management actions.
These area estimates dhenbe tied to certain ecosystem servities aredependent on
vegetation condition.

Aquatic Models: A series of models are available to modavimanagement, wetlands,
riparian vegetation, streams and other water bodies, soils and other factors influence the type and
amount of aquatic ecosystem services provided by a base. These include flood risk and flood
amelioration, provision of water foridking, livestock, irrigation or industrial use, and reduction
of sedimentation and nutrients, and habitat for valuable aquatic species. For this project we
included a flood risk modeHAZUS) to calculate the flood hazard, or the annual chance of
inundaton at specific flood depttessociated witinland flood riskas a function of local
elevation and land use characteristics. Flood events are valued economically within HAZUS
using data from the U.S. Censtissome cases, high resolution aqudata soures specific to
military installations can be used to parameterize models or provide economic valuation for
services provided on the base

Services were quantifiagsingmetricsreferred to apenefit relevant indicators (BRIs) BRIs

are the hanaff between ecological function and social impannectinghe supply of benefits

and the reception of those benefits by people. For example, water storage capacity of a wetland is
an ecological indicator, but the reduction in flooding risk to the downstreammuaity resulting

from that wetland is a BRI. In some cases, these BRIs can be extended to a monetary value, but
in others monetary valuation is not possitateppropriateWhen possble, we assigeconomic

valuation to these BRIs using literature loasespecific data.

For final evaluation, the various steps and components described above were joinsthglto a
integrated ecosystem services modedlled MoTIVES (Modelbased Tracking and Integrated
Valuation of Ecosystem Service3his has thedvantage over parallel assessment of individual
ecosystem services in that it allows for quantitative and holistic consideration of interactions
including cabenefits and offsetJ his is especially important when accounting for uncertainty or
potentialsite-to-site variability in assessment results. Changes in individual habitats and
ecosystem services may be positively or negatiredbted toone another at any particular base.
Theserelationsmay counterbalance one another, resulting smaller chage than expected, or
may reinforce one another, resulting in a latth@nexpeted change. Representing such
relations and interactions in an integrated model proadesre robust and realistic comparison
of ecosystem service differendastweerevaluaédscenarios.



Proof of Concept Eglin Air Force Base

Eglin Air Force Base is the largest forested military base in the United Stapgmortinghe

largest remaining mature longleaf pik&r(us palustri¥ forest in the worldhabitat for 24 listed
threatened or endangered specaslextensive freshwater and estuarine wetlands, ponds and
riparian meadows. The base has a number of coastal streams and bays that suglpbshat

along with desirable fishing locals. The baflews access for fishing and boating in all
appropriate areas. Much of the eastern portions of Santa Rosa Island, a Gulf of Mexico barrier
island, is part of Eglin, supporting turtle nesting, habitat for endangered shorebirds and a sand
adapted threateddichen, along with providing protection from storm surges and coastal
flooding to the communities of Fort Walton Beach and Navarre. The base supports recreation,
hunting, and fishing, while providing the necessary infrastructure for its primary training
mission.

We used the MoTIVES model to evalu#tteee scenarios for Eglin Air Force Base

1 Current management scenarioThe baseline scenario of current management assumes
that current natural resource management on the base would continue at curgent rates
primarily consisting of widespread use of prescribed burning to create the open
conditions favorable to longleaf pine and associated wildlife species.

1 No-managementscenaria In this scenario, we assumed that the base continued all
military operations biudid not (currently or historically) manader natural resorces,
with no prescribed fire or other management activity specific to natural resources.

1 No-base scenarioTo assess the total ecosystem services being provided by the base, we
created a countiactual scenario in which the base does not earsd based projections
onland use and lancbverconsistent with surroundireyeas.

Annualized esults from these scenarios weadculatedor the future time period of 20-2035.
Results for thesanalysis were reported for 1) vegetation condition, 2) flood exposure and
protection, 3) summarized for all monetized ecosystem services and 4) for habitat for at risk
species.

1: Vegetationcondition. Currently,late open conditions covesughly half oftheforested area

at Eglin (roughly 77,000 halinder the current management scenario (consisting of continuing
largescale prescribed burninghe area of late open fora@stexpected to increase
roughly115,000 hectares, covering the majority oftthse (Figur&?2). Conversely,

undertheno managemersicenario (withouanyprescribed burningither currently or

historically), the base would likely contain very little (<5%) older, open longleafgriddargely
consist of older, closed foregtlosedcanopy forests burn rarely, tend to become invaded by
sand pine, and provide low quality wildlife habitdhder the no base scenario, we expect
~50,000 hectares of conversion from forest to other land use types, and of the remaining forest,
very little isprojected to remain in late open conditions due to frequentcilgtingand dense
replanting on private timberlands



Projected distribution of vegetation conditions (2031-2035)
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Figure E2. Projected longleaf pine forest condition classes at Eglin Air Force Base across the current
management, no managemend &iv base scenarios in years 268135. Without active management of
longleaf pine through prescribed fire under the current management scenario, condition degrades from
open (desirable) to closed (undesirable) canopy conditions.

2: Flood exposure and prettion Under current management, expected losses from flood
events over the period 2022035 average $610.4 million per year for the three counties
surrounding Eglin Air Force Base. Under-m@anagement and flmase scenarios, these losses are
expected to & $579.8 million per year and $637.3 million per year respectively. However,
increased density of all trees under themenagement scenario means that this counterfactual
scenario would be associated with flood risks roughly $31 million per year lowewitia

current management conditions.

TableEl Modeled valuations of future flood risks (damages) by scenario over periodZIBR) Values
displayed are means (95% CI)

Units Current management No management No base
ST © 610.4 579.8 637.3
y (251.7 1,689.2) (239.11,604.7) (262.81,763.6)

3: Monetized ecosystem servic€sirrent management practices generate ecosystem service
benefits that are most often greater than the benefits associated with counterfabass and
no-managemengcenarios. However there are traufts: flood risk may be lower with no base;
timber harvest would likely be greater with no base; and agowmend carbon storage is greatest
with a base that is not managed for natural resources.

Annualized esults from lhese scenariaaepresented for the future time period oRRR035.
They include very high flood hazard reduction values, with no management preventing ~ $31

5



million in flood damage than current management, and ~$57 million more than a no base
scenarioBecause these represent risk probabilities, they were treated separately. All other
services that could be valued in dollars were compared, with the results shown in Figure E2.

TableE2 Modeled ecosystem service values under three scenarios. Valuegatispla means (95%
confidence interval in parentheses where modeled probabilistically)

Current No management No base
management
Monetized servicgin millions of dollars/yeaf®
Timber harvest 1.0 0 %9
: (24i 48)
Recreational hunting 36 0 0
Recreationafishing 11 0 0
Carbon storage L8 &l Lo
(0.7 3.5) (1.416.7) (0.61 2.6)
Redcockaded 56 30 11
woodpecker value (35 70) (18 36) (6.8 14)
Total monetized 109 33 51.2
service®) (871 123) (20i 40) (321 63)

@ Annualized net present value over per820 2035assuming a 5% discount rate
®) Total adjusts for correlated uncertainties and may not equal arithmetic sum of individual services

4: Habitat of critical speciesEglin Air Force Base is home to a number of threatened,
endangered, and endemsjgecies, many of which rely almost entirely on the base for their
survival. Thirteen of these species were modeled under the three scenarios as part of this study.
Current management practices produce the greatest area of suitable hatitat fof these

species, including sufficient amounts to preclude federal listing for a number of them. The
exceptions were th@ulf Coast redflower pitcherplant and smallflowered meadowbeauty. For
these two species, the-ntanagement scenario provides slightly more afeaitable habitat.

The nebase scenario severely reduces available habitat for all species. Figure E3 shows the
comparison between the predicted species habitat areas.
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Figure E3. Habitat area available for key species under the three scenarios. Values plotted are based on
projected distribution of vegetation in the period 203135. Error bars are the 95% confidence interval.

5. Comparison of scenario€urrent management pra@gare associated with higher

ecosystem service generation and lower value of flood risks than-treseaounterfactual.
Conversely, the nmmanagement counterfactual is associated with lower ecosystem service
generation but also lower flood risks thamrent management. Taking account of these expected
costs and benefits across scenarios, we find that the corag@igemenpractices scenario
producessignificantlyhigher net benefits than either of the two counterfactuals (mean of $90.8
million and $405 million per year relative to Aamanagement and faase respectively)(Table

E3).



TableE3. Modeled net benefits of current management compared to counterfactnamement and
no-base scenarios. Values displayed are means (95% CI)
Current management service provision improvement over

Units No management No base
90.8 40.5
@)
Mlyr (66.5 127.1) (9.2169.6)

@ Annualized net present value over period A@B5assuming a 5% discount ratad accounting for correlated
uncertainties across individual services

Recommendationdor Additional Research Needs

Aquatic ecosystem servicd3ecause the most important services provided by Eglin Air Force

Base were linked to the management of temstcosystems, in our pilot study we were not

able to take advantage of some of the models and tools related to aquatic ecosystem services. At
other bases, where aquatic systems and services are important, other models should be
incorporated. The InVESiodels have been tested and are simple to apply in many areas

Water quality improvementsSimilarly, research into water quality improvement related to both
the ecosystem processes of nutrient removal, and the value of removed N and P for anything but
wade water treatment would improve our model outputs.

Research into valuing species existendeadeoffs are most easily evaluated if different services
can be measured in similar units, which is why economic valuation is so atfatany base
managemeructivities on the pilot bases are focused on management of threatened, endangered
or endemic species, as they provide critical habitat for them. The conservation or expansion of
populations of at risk species represent important management outcomes.

More comprehensive assessment of economic val\iés.estimated economic values for many
BRIs, but future research is needed to provide a more comprehensive assessment. Economic
values for market goods are readily estimated because these goods have obser@sblEqr
example, we computed economic values for timber and flood damage using market data on
stumpage and real estate prices. Valuation ofmarket goods is also possible using techniques
such as the contingent valuation method. IN@rket benefitgjuantified for Eglin include

species preservation and carbon storage.

Conclusions

Since ecosystem services have become widely recognized as a useful tool for assessing the
success of natural resource management actions, quantifying and reporting on these services is
becoming part of good resource management practice. Our approaclpcB®Benatural

resource managers show how they are enhancing the production of services, and how the
existence of the base itself provides substantial ecosystem services benefits to people.

Our approach is unique in a number of ways. First, we use doatemodels as an intuitive
transferable foundation for building base specific models across habitat types and management
strategies. Second, we develop an assemblage of multiple models in an interactive probabilistic
platform that can address trads and interactions. Third, we explicitly use benefit relevant
indicators (BRIs) as an alternative or additional measure to economic valuation.



Due to its modular framework, we have been able to take advantage of previous ecological
assessment work availal@demany bases, but also have methods that apply where previous
ecological modeling has not occurred. We have identified national models and datasets available
for the contiguous 48 states. To use the approach in other regions, additional data and models
would need to be identified. The methodology can be readily transferred to any large base
anticipated to generate ecosystem services.

Ecosystem service outputs in the model are estimateollar values when possible, and also in
valued benefits (benefit relevant indicators). Often benefit relevant indicators are more
meaningful for stakeholders and are useful to communicate in addition to dollar values when
both are available. Becaus@sh bases provide a diverse array of ecosystem services, and
because some management decisions can reduce some services while increasing others, our
methods combine this complex assemblage into a single, Bayesian model (MoTIVES) to
integrate outputs andla an evaluation of alternative management scenaflas.makes it

possible for natural resource managers to evaluate how management for a particular habitat
condition to support species or training will impact values for other services. Additionaflg, th
management scenarios allow a comparison of different management choices as well as providing
essential baseline comparisons needed to measure some ecosystem services such as flooding
prevention.

The MoTIVES structure also allows it to take advantage lmfoad array of available ecosystem
assessment tools, broadening the ability to use the best data or model available for a particular
base. A distinguishing feature of MoOTIVES is the fact that it explicitly considers uncertainty in
all aspects of the metland translates this uncertainty to model endpoints using Monte Carlo
simulation.By using simulation to explore the range of possible consequences of management
on ecosystem service values, we decrease the likelihood of later surprises or missed
opportuwnities. This approach makes conclusions robust to questions about confidence in
numerical answers. For example, despite wide confidence intervals, we are able to say with
>95% confidence that net benefits of current management practices at Eglin AiBRsecare
greater under current management than under plausible alternative scenarios considered.

The results from Eglin Air Force base show that current management provides very significant
ecosystem service values, estimated at approximstdl§y million dollars a year, much more

than the same base not managed, or the same area if it had not become a base. It appears likely
that similar results would result from this analysis at Fort Hood and most of the other large
military installations.



1 Project Objectives

The objective®f this researchre:

1. To developa model thawill provide a transferable and consistent foundation for
assessing ecosystem service ben&bits military installationsncluding an
understanding of cumulative effects, teaaffs, and uncertaintyand,

2. Toprovide a proof of concept for this model in an example military installation.

General conceptual mdels were developed for selected pilot inland and coastal bases that
addressed all ongoing management activitreduding training requirements, land stewardship,
legal drivers, and coordination within and beyond installation boundaries. We explored how
these generalized models could be specified to the neady aidividualbase and form the
foundation for qualitativeéssessments, quantitative models, and valuation. Starting with these
conceptual modelsye evaluated and compared available methods to include cumulative effects
andinteractionswhile generating quantitative outputs of what is valued by people and, where
possible, what thoseconomicvalues are. The project proposes a transferabieefraork and
design for an integrativenodeling toolcalled MoTIVES (Modebased Tracking and Integrated
Valuation of Ecosystem Servicds)incorporate ecosystem services brdefits into decision
making for large military installations in the U.S.

This project addresses the followitigeeobjectives fromhie SERDP Statement of Need

1. Define and delineate the biological, physical and chemical services provided, including
natual and naturdased features that provide benefit.

2. Understand cumulative effects, feedbacks and compensatory behavior of complex
systems related to management of natural ecosystems and biological diversity.

3. Examine models that incorporate economic corgaptl that may improve decision
making to evaluate tradsffs.

2 Project Background

Ecosystem services are the benefits nature pretadgeople such as recreational opportunities
(e.qg., fishing, boating, hiking, birdwatching), protection from natural téssage.g., flood

protection, reduced risk of wildfire), provision of goods (timber, fish/shellfish, and contributions
to crop production), as well as the sense of place, spiritual connection, and mental health benefits
of being in nature and knowing ittisere and healthyKgmar 2010 MEA 2005).While the

existence of healthy natural systems and spec@teisof sufficient importance to decision

makers and the public that no further information is needed, in other cases it can be impactful to
guantifythe range of specific benefits that nature is providiay.example, it can be more
meaningful to talk about whether people are allowed to swim in the water or whether it is healthy
to eat shellfisHirom the water, thait is to talk about dissolved oxyger pollutant levels.

Information on the reduced risk of floodipgovidedby anupstream wetland can be meaningful

to communities and their insurance companies (Watson et al. 2BiESknowledge that

reducing wildfire within hundreds of miles can rednegative respiratory health outcomes can

be meaningful to vulnerable people (Liu et al. 208%)d knowing that recreational fish catch is
declining in an area even though it appears healthy can also expand the information we have

1



available to manage thesystemsin some cases, knowing these relationships can form the basis
of conservation and management partnerships when one arf@tefal ageny is providing

service to private landownesor example, in Denver, the USFS is being padnunicipal

water fees to manage their upstream forests to reduckrevtid extreme sedimentation events
that have huge costsr municipal water treatment

In this project we are developing emegrated ecosystem services modefragnework that can

be appliedo any military base or DOD facility where natural resource management is ongoing.
It can encompass a widange of habitats and management actibasare typical of bases, and

it will produce an assessment for a wide range of ecosystem seRocélss initial modeling
frameworkwe have developed methods for evaluating two specific types of scenarios
comparison to current conditians

1 No management scenarioln this scenario, we assume that the base contalues
military operations butloesnot (aurrently or historically) manage for natural resources,
with no prescribed fire or other management activity specific to natural resources.

1 No base scenarinTo assess the total ecosystem services being provided by the base, we
created a counterfactual segio inwhich the base does not exéstd based projections
on land use and land cover consistent with surrounding areas.

In thislimited scope and duration projeate have developed a set of generic models and

methods to be applied generally to any military b¥ée pilotedour conceptual modeling
approachatfour bases, Hiq Air Force Base in Florid&ort Hood Army Base in Texa€amp

Lejeune Marine Base in North @dina, and Joint Base LewisicChord in WashingtonwWe

then appliedhe quantitative predictive model (MoTIVESS$ing specific data and relevant

ecosystem services to Eglin Air Force Base, as an example of how it could be applied elsewhere.

3 Materials and Methods
3.1 Overview of the Approach

Our multistep approach is as follows:

Step 1. Develop ecosystem services conceptual modejefaral habitat and management
and facility types and then adapt them italividual bases and management actiori$hie
project team first devel@u generalizedhabitatconceptual models for managementrjor
habitat types (e.g., fire maintained forests, deseit3, These generalized modeisn be
combined to represent habg&br specific bases to form baspecific conceptual modetd base
management activitigge.g.,prescribed fire, endangered species protectinamming activities).
These conceptual models incorporate ecosystem services and-tetaedint indicatorshiat
include training requirements, land stewardsamj when possibliegal driverssuch as
compliance with regulations or laws protecting natural resouftesmodeling framework
provided a foundation for predictive modeling of different managenaguiregulatoryscenarios,
as well as modeling of cumulative effects and feedbacks.

Ecosystem service conceptual modelssually display how a base management action can
cause changes to biophysical aspects of an ecosystem and how these changes trangfite to be
relevant indicators and, when applicable, their economic values (Figure 1). Such conceptual
models form the basis of our subsequent quantitative modeling. Because there are common
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habitat types that occur across DOD lands and there are often aldefired management

actions being taken within these habitats, we determined that we could formulate a limited set of
generalizedhabitat conceptual modelgo be adapted and applied to any military base to then
create dasespecific model These basepedfic models are then used as the framework for
guantitative estimates of ecosystem services under specificddagant scenarios. Thus the
conceptual framework creates consistency in ecosystem service assessment across bases,
displaying how different elaents of the system interact and providing a visual summary of the
relevant ecosystem services being quantified at each base.

Base Ecological Biophysical Social Benefit Relevant Economic Monetary Values

Management Models Effects Relevance Indicators Valuation Changes to the

DoD actions to Changesto Changes to the economic value of
manage habitats ecosystem provision of ecosystem services
and species characteristics ecosystem services being provided

Figure 1. General structure of an ecosystem services conceptual model. The actual conceptual models
include a detailed represatton of each of the four stages shown here.

Step 2. Identify a suite of benefielevant indicators that can be used to monitor and report on
ecosystem services outcomes of interest to DOD and their stakehdTaies 1 and 2A

minimal set of benefitelevant indicators that can capture the outcomes valued by managers and
other stakeholderseveidentified during the development of the conceptual modelstosleed

on indicators that capture outcomes relevant at individual basesrdlso meaningfuacross
basesWe inteneédthese generalized models and berefievant indicatorso be specified to

the needs of other bases and form the foundation for qualitative assessments, quantitative
models, and/or monetary valuation.

We assessd methoddo translate benefitelevant indicators into monetary values. A key
challenge is that many ecosystem services are not exchanged in traditional markets and as a
result, direct information on how much people value them is lacking. There is a large literature i
economics that provides alternative methods of valuing thesenadtet gods (Johnston and
Russell 2011) througévidence of nommarket values in related markets valuingecosystem
services using surveys. We evaluttiee potential for applying theseethods to benefits

produced on bases as well as opportunities for transferring benefits estimates from existing
studies.

Step 3. Identify relevant ecological, social and economic datasets and modelsahiatbe
used to transform this conceptual modeto a predictive modeling toolThere is a diverse set
of computational tools available to analyze changes in the beelefitant indicators that occur
when stewardship or management activities are implemeniede is an equally diverse array
of toolsto identify the location and quantity of ecosystem benefits being prouitsdding
vegetation models, hydrologic models and flood risk modgks explore the types of tools that
have been used to generate ecological outputs along with those linkplg fmebenefits, and
identify those best suited for the management questions important to military installations.

Step 4. Develop the design for a modular and transferable predictive modeling tool based on
the general conceptual models that captures cuative effects and feedback loopshe final
step vasto develop a design for a modular Bayesian network modellingdhml IVES) based



on the generalized ecosystem services conceptual model frameworks and incorporating the
ecological, social, and econondata and models identified in previous steps. Consistent with

the conceptual modeling, Bayesian networks start with a graphical representation of the
human/natural system being considered. Key variables are represented by nodes, and relations
between nodeare represented by arrows. While Bayesian networks may be visually similar to
flow charts or process diagrams, they are distinct in representing probabilistic dependence
relations, rather than workflow or movement of materials and energy (Mavromma2@1i@).

Research goalsAn important research aim of this projecting forward will beto assesthe
transferaility of the modulesin our pilot models, given the diversity of facilities and associated
natural resources. Another key researchilinbeto develop and demonstrate methods for
incorporating cumulative effects and feedbacks into the Bayesian network models. Such dynamic
Bayesian networks have been developed in the academic literature but have only rarely been
implemented in management ptiae.

The projechas demonstrated a methoctteate a transferable framework and the design for a
predictive modeling tool for incorporating ecosystem services and benefits into decision making
for most of the large military installations in the UnitthtegFigure 2) Developing a

generalized model that can capture a broad range of overlapping actions in a specified location
such as land stewardship actions, regulatory driven management,-aitd offordination,

which are all relevant to DOD basenagementemains ahallenge But this is a challengee

think now has a strategy and methodologyd@olution that allowsstewardship and land use to

be balanced.

In order to testhe approach wedevelophere,we chose to pilot MOTIVES at Eglin AForce

base. Using the steps outlined above we developed a conceptual model for Eglin AFB, including
only those services relevant at thae toactas a framework for applying only the relevant
guantification tools and combining their results within MoE& MoTIVES wasappliedto

provide a scenario analysis that presents results comparing the ecosystem services outcomes of
current ecosystem management of Eglin to a no management and no base scenario.

3.2 Conceptual Models of Ecosystem Services

As outlined inStep 1 of our approach, we began by buildngsystem services conceptual

models These conceptual models visually display how a management action causes changes to
biophysical aspects of an ecological system and how those changes cascade to affect ecosystem
services and, when appropriate, their economic values. Conceptual modelsefdrasis of our
guantitative modeling framework. Because there are common habitats that occur across DOD
lands and there are a defined set of environmental management actions being taken within these
habitats, we determined that it was possible to dpvalset ofjeneralizedhabitat-based

ecosystem services conceptual modeieat could be adapted and applied to any military base,
creatingbasespecific models These basspecific models are then used as a framework for
subsequent Bayesian network modglihat applies quantitative methods to produce estimates

for ecosystem services outcomes. This conceptual framework is important as it helps to create
consistency in modeling across bases, displays how different elements of the system are
interacting, angbrovides a visual summary of the relevant ecosystem services being quantified at
each base.
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Figure 2. Schematic diagram of the major components of the MoTIVES integrated model for Eglin Air
Force BaseOf the ecosystem service gubdels shown here, tiigglin case study in included carbon
storage, wildlife habitatflooding,hunting and fishinghut not shoreline erosion or smoke exposure.

3.2.1 Generalized Habitat Conceptual Models

The generalized habitat conceptual models identify ecosystem and managemeges caad

follow the outputs through a causal chain to link the flows from ecosystems to people. Different
habitat types (e.g., northern deciduous forests, estuaries, deserts, and fire maintained forests) can
provide a very different set of services, ananydifferent services are generated by a single
baseFor efficiency, the number of generalized habitat models was kept as small as possible.
Because some aspects of the habitats, including the biome type (forests, grasslands, deserts) and
whether ecosystns are fire maintained or not, drive both the types of base management that
occurs and the ecosystem services provided, a set of eight generalized habitats were identified.
These models illustrate how natural resource management on bases results mitchange

ecosystem services, and each model is distinguished by a certain habi(all tyjpelelsare

available in Appendix )1 These generalized models represent common terrestrial and aquatic
habitats that occur on bases all over the U.S., including:

1 Fire maintained forestéFigure3)
1 Forests not maintained by fire (includes winter deciduous forests and some coniferous
and mixed hardwoaodonifer forests)



Fire-maintained savannas, shrublands and prairies

Savannas, shrublands and prairies not maintaindideb{alpine, tundra)
Deserts

Rivers, streams and riparian habitats

Lakes, ponds, aquatic beds and wetland habitats

1 Estuaries, saltmarsh, bays and shorelines, marine habitats

= =4 -4 A A

These generalized habitat conceptual models provided a template, making toegsiekly
generate base specific models while assuring that all of the major ecosystem services and their
causal chains were identified.
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Figure 3. Generalized habitat conceptual model for a fire maintained forest type. This generalized model
contains many potential ecosystem services that could be generated by this habitat type, and when
applied at an individual base would be tailored to the sessjarovided on the site.



However, when creating the base specific models, to be atvleasure and value ecosystem
services provided by the habitats, it is necessary to translate the generalized habitats into the
specific vegetation types found at eaelsd To do this we identified a standard set of ecosystem
types to use as the basis of our models.

In the process atlentifying terrestrial ecosystems types to use for individual base analysis, it
quickly became clear that tvegetation and habitatassfications individual bases uséud their
INRMPsto name and map these terrestrial and aquatic vegetation vary widely across the

country. Installations often use the classification used by the state natural heritage program or the
state fish and wildlife gency, federal classifications from the U.S. Fish and Wildlife Service
(USFWS), NOAA Fisheries, the U.S. Geological Survey (USGS), and the U.S. Forest Service
(USFS), or a combination of sources. For this project, to assure the framework could be used at
al the bases, the team chose to crosswalk the habitats mapped at each base to a consistent
hierarchical level in the National Vegetation Classification System (NVCS).

The NVCS classification was developed by the USGS and is maintained by NatureServe, and
includes seven hierarchical levels, ranging from broad formations (e.g. forests, grasslands,
shrublands) down to local plant associations (e.g. longleaf pine/wiregiass (

palustris/Aristida stricta or Douglasfir i Pacific Madrone / salaPseudotsugaenziesH

Arbutus menziesii/Gaultheria shallpforest). The macrogroup level in the N8@as selected

as the most appropriate level to link to BRIs because they are broad enough to represent similar
ecosystems across the country, but fine enough to ¢baracthe ecological functions and flows

in a meaningful and measurable way. They also can be linked easily to the Ecological Systems
Classification also developed by the USGS and NatureSeghieh is the basis for the

vegetation maps produced by the Us®SFS, and the LANDFIRE project.

For marine and estuarine habitats, we used the Coastal and Marine Ecosystem Classification
System (CMECS), which is the only comprehensive coastal and marine habitat classification in
the U.S. The CMECS includes an aqoatetting and a biotic component, the latter used at the
class level. Our team used the aquatic component at the system level, (Marine, Estuarine, Marine
Nearshore and Marine Offshore) for the generic habitat models, and for use in the individual
base mods, the 11 biotic classes developed in the CMCS classifica&mmfreshwater wetland
habitats we could choose to use either the Cowarden classes (Forestedcshibyiand

Emergent wetlands) used in the National Wetlands Inventory (NWI) of the USFWH®, or

NVCS macrogroup classification, depending on which wetlands classification was used by
individual bases in their wetland mapsstly, for other aquatics, we used just two categories: 1)
Rivers, streams and riparian habitat and 2) Lakes, Ponds aaticaupd habitats.

3.2.2 BaseSpecific Conceptual Models

Generalized habitat models can be adapted and combined to create uniegpeb#isemodels

that reflect the service changes resulting from management on that base, across all the habitat
types presenilo build a particular base model, the user should select the habitat models relevant
for the base and then remove all irrelevant pathways and outcomes from each habitat model.
Generalized models have been built to includeatiéntialecosystem servicesittomes,

therefore some outcomes may not be applicable to the base of ifterestatea basespecific
conceptuamodel, specific causal chains from the generalized conceptual models not relevant to
the base if they are not produced or not used would be renfoued.each habitat model has

been adapted to accurately refl everbidtbodreated ase s
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base model that displays all relevant habitats and services. This then represents the quantitative
modeling framework that can be used to quantify total service flows for théFgsee4).

The conceptual models reflegiys in whichmanagement decisiomadterthe individual

ecosystems at the base, how these changes impact potential useful environmental outputs and
then how these outputs are usBéten, the individual ecosystems managed are terrestrial
ecosystems, which are usuallgsgribed as a terrestrial or aquatic habitat type. Siciens

specified in the Integrated Natural Resources Managemen{IRRNP) for each basare often
organized by these habitat types, and vegetation maps are developed using habitat classifications
these are the best toolsuse for analging the effects of management.
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Figure 4. Military basespecific conceptual model for Eglin Air Force Base. This model combines the
relevant habitat typeat the base and includes management actionssandcesspecific tathe site.
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3.3 Benefit Relevant Indicators (BRIs)and Economic Valuation

Step 2 of our approach involves identifying a suite of beneltvant indicators (BRIs) that can

be used to monitor and report on ecosystem services outcomes of iit&E$d tand their
stakeholdersBRIs are the handff between ecological function and social impact, integrating

the supply of benefits and the demand or reception of those benefits by people. For example,
water storage capacity of a wetland is an ecologncitator,a 20% reduction in flooding risk

resulting from that wetlantb adownstream community with 100 homes and a population of 286
peopleis a benefit relevant indicator. BRIs are also the basis for economic valuation. The
ecosystem services being evaluated will be presented as either benefit relevant indicators (BRIs),
monetary values, or both (Table 2).

Tablel. Potential benefit relevant dicators (BRIs) and economic values for ecosystem services provided
by military bases.

Model Endpoint Benefit Relevant Indicator (BRI) Economic Value

Wildfire damage 1 Increased/decreased severity and/or extent of fii § Avoided suppression costs

on and around base? (per acre) 1 Avoided damage to property
Respiratory health 1 Number of people expected to experience 1 Willingness to pay for reduced
(related to smoke) increased smoke exposure/day smoke exposure

1 Boardfeet of timber harvesteger year from the

Timber harvest
base

9 Market value of timber

Energy production 1 Electricity cost savings for a

9 Biomass energy production from the base

(from biofuels) base

Recreation . - .
opportunity 1 Userdays recreating on the base 1 Willingness to pay for recreatior
Carbonstorage 1 Mg C on the base 1 Social cost of carbon

9 Acres of occupied habitat on the base

1 Population estimates

1 Population estimates on base relative to populai
over full range

9 Stream miles of occupidtabitat

1 # of occurrences

1 # of occurrences on base relative to occurrence:
within species range

9 Acres of occupied habitat on the base

9 Stream miles of occupied habitat

9 # of occurrences

1 # of occurrences on base relative to occurrence;
within species range

Federallylisted
threatened and
endangered species

9 Willingness to pay for species
preservation

Endemic or locally
important species

1 Willingness to pay for endemic
species preservation

Huntable wildlife 9 Number of hunting permits or tags from the base¢ { Willingness to pay for hunting

species
Harvestabldish 1 Number of fishing licenses from the base 1 Willingness to pay for fishing
1 Tons of sediment per year exported from base fi
o patchmen_t, relative to proportion of waterways 1 Avoided water treatment and
Drinking water impaired in the catchment. )
. . ; sediment removal costs
quality 1 Sediment retention by land covger year for

catchment, relative proportion of waterways T Value of improved fisheries

impaired in the catchment.



Model Endpoint Benefit Relevant Indicator (BRI) Economic Value

Flood damage to 1 Change in the probability of floodirdpwnstream
property (from of base, due to base land cover (to estimate 1 Avoided damage to property
coastal storm surge] Number of properties/ facilities damaged per ye:

Flood damage to 1 Water holding capacity of base uplands, wetlanc
property (from and waterbodies durirftpod events in areas wher  Avoided property damage
inland flooding) downstream flooding impacts people and propel

rvareiin crase 1 Area of beach used by people, providing habitat § Cost of beach renourishment

for species, or protecting infrastructure. 1 Avoided damage tproperty
Water available for { Water storage on the base and amount of water
agriculture or needed by farmers or industry downstream from 9§ Cost of water rights or purchase
industrial uses the base or otherwise able to access base watel

Where possible, BRIs were assigned an economic viaagmomic or monetary valuation

involves quantifying the net benefits (benefits minus costs) generated by an ecosystem service.

Two methods are used for economic valuation of the BRIs

1. The first is to castruct measures usimigta on theindividual components of net benefits
For example, to measure the net benefit from timber harvest on a base, we can identify the
timber volume harvested and multiply this by the stumpage price for that timber type. The
stumpage price measures the market value of the timber net of harvesting costs and so the
product of stumpage price and harvest volume approximates the total net benefit from timber
harvest: This first approach is applicable to goods traded in marketh, asitimber, energy
production, and avoided property damage. Because these goods are traded in markets, it is
possible to observe prices and costs of production in most cases.

2. The second approach is to appbt benefit estimates from published studiesThis
methodology is referred to aenefits transfeand is appropriate for goodstricaded in
markets (normarket goodg such as recreation and species preservation. Because prices
cannot be directly observed for norarket goods, economists have devetbp number of
alternative methods to measure net benefits. To measure the value of recreation, such as a
hunting trip or a visit to the beach, one can estimate how much a person spent on travel. The
travel cost method provides a lower bound on the teaéfit of the recreational experience
if a person would only take the trip if the benefit exceeded the cost. In other cases, access to a
norrmarket good will be reflected in the price of a market good, such as housing. As else
equal, houses in areas witbagl air quality should sell for more than houses in areas with
poor air quality. The price difference provides an estimate of the benefit from improved air
guality. Valuation of normarket goods using housing price differentials is referred to as the
hedoric property value approach.

In the case of recreation and air quality, people interact directly with thmadet good.
This need not be the case, such as when people derive benefits from the preservation of

! Economists measure the net benefit of a market good as the sum of consumer and producer surplus. The net
benefit measure for timber equals producer surplus. Including consumer surplus requires a detailed market analysis
to estimate the demand function tbe good.
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endangered species. Even if they never intevib the species, people may derive an

existence value simply from the knowledge that the species is preserved. To measure benefits
in this case, economists often use survey methods to elicit hypothetical willingness to pay for
the nonmarket good. Oneatnmon approach is referred to as the contingent valuation

method.

Hundreds of studies have been conducted to estimate benefits from recreation, species
preservation, and other nomarket goods. Benefits transfer involves applying benefit
estimates from oner more studies to a new setting, making adjustments for the factors such
as demographic characteristics of the population. The USGS Benefit Transfer Toolkit
(https://my.usgs.gov/benefitansfer) summarizes benefits estimates from a large number of
U.S. studies on recreation and species preservation, and water quality. Estimates can be
tailored to specific regions, recreational activities types, and land ownership.

3.4 Biophysical Models of Landscape Chage

Step 3of our approachlentify relevant ecological, social and economic datasets and models
that could be used to transfortime conceptual model into a predictive modeling taolpolves
identifying ecological datasets and models that provide waysgantitatively assegsow

military base management affects changes in habitat type and lanttatvanerepresented in

our conceptual model€@nce a basspecific conceptual model framework for a particular base
has been created, quantitative methodstrha applied to approximate the flows of ecosystem
services through the systdiuggan et al. 2015)he first step requires quantifying the varied
biophysical effects of habitat condition, which is affected by base management actions or the
mere existence of a badéhese models are used to quantify the connections between habitat
type, condition, orxdent and other ecological outcomes at each Gdseetypes of biophysical
models were used to quantify landscape chaaige to compare with change anticipated with the
current management plan

1. Current Management: Vegetation condition models to quarttd@yges in condition
classes based on current management practices over the next 20 years.

2. No Management: Vegetation condition models to quantify changes in condition classes
based on the military not managing the base for anything but training betasen
establishment and 20 years from now.

3. No Baselanduselandcover(LULC) change model of major ecosystem typesuming
there were no military basandevaluation oServices provided by this alternative
landscape.

Below, we describe the ecologicabdels that were selected for quantifying landscape change.
Each model includes a description of its relevant application, and then an explanation of how the
model was applied at our pilot sitegli® Air Force BaseOther biophysical models, such as
thoserelated to water, recreational, or attributes not directly linked to terrestrial land cover, are
included below under the section for the relevant ecosystem service.

3.4.1 No-Base Scenario

To quantify ecosystem services produced by a base as compared tareosekeare no base
exists requires developing a plausible estimate of what this land would be if it were not a base (a
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plausible counterfactual). To develop this, a modeling technique was used that uses existing land
use and cover around the base.

To gererate infilled maps of potential land use / land cover patterns which are consistent with the
surrounding area, we employed the direct sampling algorithm (Mariethoz and Renard, 2010;
Meerschman et al., 2013), a probabilistic approach in which we subsiamleaining data to
generate a plausible counterfactual. In effect, this algorithm samples from a conditional
distribution over possible infills by identifying existing patches of training data which are
consistent with the partial observation.

In practcal terms, the direct sampling approach requires iteratively matching patitlatty

regions with completely filled regions which are close matches. This matching process is
achieved by defining a distance function between image subregions and sefarching

sufficiently close match in the existing data. In this instance, we used the edit distance, defined
as the number of entries in each pair of compared patches which differ in their values.

A key advantage of this approach is that it allows us t@afrom highdimensional

distributions over the geometry and prevalence of different land use / land cover patches without
enumerating an explicit probability model as done when employing universal kriging or Markov
random fields. The resulting outputagher a map, or a set of probable land use / land cover
values, which can be averaged over a number of runs. These values were used as the starting
current conditions of a no base scenario to determine ecosystem service values using our
biophysical modeland BRIs. Because of how differently public and private forest lands are
managed in the US, the forested lands in the CounterfactuBbli® scenario were separated

into public and private forest classes, using the direct sampling approach to otheelAtahd

cover classes.

3.4.2 VegetationCondition Models
3.4.2.1 Terrestrial Vegetation Models

Terrestrial eosystema&recomprised of complex vegetation communitiest areshaped by

climate, external events such as windstorms andpiis@tand animal specigsteractions, and
management such as fire management or timber harvest. For instance, a longleaf forest can be
composed of 50§ear old, widely spaced large longleaf pines with a native wiregrass understory
that is maintained by frequent ground fires armvjales high quality habitat for many species.
Alternatively, this same forest type can be ayB@r old, closed canopy forest of slash and sand

pine with a thick, fire resistant understory. These forests can also be harvested for timber, leaving
fewornomat ure trees. These three very different
each provide very different services.

Stateandtransition modelgharacterize dynamic vegetation systemsdaybinationsf

vegetation composition and structyb®xes) andtransitions that cause change such as
disturbances (e.gwildfire) or managemeructivities(e.g., prescribed firgarrows) These
modelscan be parameterized with probability values for each transition type to forrasthte
transition simulatn models (STSMs) that project changes in vegetation condition over time
(Daniel et al. 2016\We used STSMs to project the effectvefetation succession and growth,
disturbances such as wildfire and insect outbreaksiamhgement actions suchpaesribed

fire andtimber harvest on future vegetation conditibhe LANDFIRE Projecthas developed
STSMs describing historic conditions for all the terrestrial ecosystem types in the U.S., along
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with maps of biophysal settingsexisting condition maps, and other data on fire risk and fuels.
These STSMs can be modified to capture current conditionmemgboratehe effects of
managemerdctions The open sourc8T-Sim softwarghen simulates future conditions through
Monte Carlo simulationd/Vhere ecosystem services are tied to vegetation condhiese future
outputs can then be used to measure the available services provitdech ertain scenario or
suite of management actions

While STSMs are the tool wesedto characterize changes in services tied to terrestrial
vegetation conditiontheMoTIVES integrated ecosystem services modefiagnework is

general enough that ifrailitary installation has access to alternative or more complex vegetation
models linking management to ecological outcomes, these can be used to reShseFsT
example, thé.andis|l forest landscape modéadelleret al. 2W7) has beempplied at-ort
Lewis-McChordin WashingtorandFort Braggin North CarolinaLandis is a complex forest
vegetation model which requiresore calibration than STSMbut which generates more
sophisticated outputs related todst species composition, carbon, timlaerd species habitat

STSMs provideoutputs describing th@mount ofareaoccupied by each state wegetation
conditiontypeon abasesinder a set of management actioftsese area estimates can be tied to
certainecosystem services such as species habitat that is dependent on vegetation condition, and
thus can be used to derive a subset oBiREs provided on daseWhen run under alternative
management scenarios (e.g., N0 management or current managementjesaimo be

compared to determirtee value of management on these.

Although they are useful for comparing management scenarios and require minimal
parametrizationSTSMs are very generic models that simplify complex vegetation communities
into a few stees. Information required to parameterize these models often comes from expert
judgment, as data are usually not available to define transition probabilities across large
landscapes. Linking vegetation states to conditions such as wildlife habitat or sasbilarly
difficult to define quantitatively and often relies on expert judgment.

3.4.2.1.1 Longleaf Pine Vegetation Condition Model for Eghin Force Base

Most of the land base on Eglin consists of sandhill and flatwood longleaf pine farests

woodlands covering more than three quarters of the base (148,600 hectares). The longleaf pine
ecosystem has been well studied, and vegetation dynamics of the longleaf pine ecosystem were
simulated using a STSM adapted from Costanza et al (2015) (BigUreis STSM captures

growth and succession, wildfire, prescribed fire and other management activities under
contemporary conditions, modified from a LANDFIRE model representing historic conditions.
The STSM contains five state classes varying in age and standecldswescribed in the

vegetation modeling section, the STSM simulates change over time based on transition
probabilities of different events, including management such as prescribed fire. Modifications
were made to the model to adapt it to Eglin, inalgdieducing wildfire to 10% of historic
probabilities based on fire data supplied by the base, reducing the effectivepresobed fire

in closed stands based on discussions with the Eglin fire ecologist, and eliminating management
practices not useat Eglin (e.g., clearcutting, conversion from plantafjoBsie to the relatively

small size of most riparian forests at Eglin, these weteanodeledising STSMs.
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Figure 5. Conceptual diagram of the longleaf pine STSM used for Eglin Air Force Base;itfosin

Costanza et al (2015). Boxes represent state classes of vegetation condition, including age ranges from
early (young) to late successional (old), and canopy cover (open or closed). Arrows represent processes
like succession, fire and managemiait are assigned probabilities to simulate future condition. The

lower right box representing open, late successional conditions is the primary desired state.

3.4.2.2 Aqguatic Condition Models

Ecosystem services derived from freshwater and estuarine aquatidecssyghich we define
as wetlands, streams, rivers and freshwater lakes and, poedstimatedusing hydrological
models.These models address several BRIs, including flood amelioration, storm surge
protection,nutrient (nitrgen and phosphorus) removsddiment deliverywater provision for
drinking, agriculure or industrial uses, atide provision of fish or other aquatic animals and
plants of interestach of these service types are measured or modeled independently, and many
of these are addressiedlividually in the Ecosystem Services Quantified section, beltwese
are more directional services, so can often be measured using linear spatial hydrological
modeling tools in AcGIS (ARC Hydro) to define areas where management actions such as
floodplain, riparian or wetlands restoration have reduced peak flaWw&ST has hydrological
models available to use for many services, but for some services or bases that have high
resolution data available, modeling these individually can provide meaaingful resultsThe
Institute for Natural Resources Portland State Universihas developed methodology that
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