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Preface   
 
This   Ecosystem   Services   (ES)   Primer   for   Greater   Gulf-Houston   Region,   2nd   Edition,    a   Six-Step  
guide   for   making   nature-based   infrastructure   decisions   based   on   the   benefits   of   multiple   ecosystem  
services    ( HW   ES   Primer )   is   the   result   of   over   five   years’   of   presentations,   discussions   and   case  
study   reviews   based   on   the   first   edition   of   this   HW   ES   Primer.   Since   2014,   over   50   presentations  
have   been   given   on   the   HW   ES   Primer   at   environmental-based   conferences   and   forums   around   the  
U.S.   and   in   Europe   with   strong   interest   from   a   wide   variety   of   interested   stakeholders,  
decision-makers   and   supporters   of   enhancing   various   types   of   ecosystem   services   for   community   -  
residential   and   corporate   sustainability   and   wildlife   habitat   improvements.   Along   the   way,   the  1

authors   of   the   HW   ES   Primer   have   learned   much   more   about   how,   why   and   to   what   extent   policy  
and   decision-makers,   as   well   as   governmental   entities   and   scientists,   can   use   this   Primer   for  
comparisons,   ideas   and   options   for   enhancing/creating   various   ES   in   respective   communities,   often  
as   a   viable,   cost-effective   alternative   to   more   structural,   gray   infrastructure.   
 
In   addition   to   information,   comparisons   and   case   studies   provided   in   the   first   edition   of   the   HW   ES  
Primer,   this   2nd   edition   adds   more   information   on   1)   the   definition   and   use   of   nature-based  
infrastructure   (NBI),   2)   different   ways   to   measure   nature-based   infrastructure   options,   particularly  
when   targeting   major   planning   and/or   changes   in   air   and   water   quality,   carbon   sequestration,  
erosion   control   (including   biostabilization   techniques)   and   stormwater   control,   3)   use   of   Benefit  
Relevant   Indicators   (BRI)   as   a   valuation   option   in   addition   to   monetary   ES   values,   4)   ways   in  
which   use   of   nature-based   infrastructure   projects   can   be   used   to   enhance/increase/maintain   ES   in  
high   risk   communities   that   have   been   subject   to   large   storm   events   -   such   as   hurricanes   and  
repeated   flooding   -   as   well   as   sea   level   rise,   and   5)   a   few   new   statewide/regional   and   local   policy  
case   studies   based   on   actions   taken   in   the   aftermath   of   large-scale   natural   disasters.   The  
eight-county   area   around   the   Gulf-Houston   region   is   the   basis   for   the   various   ES   reviews,   related  
case   studies   and   nature-based   infrastructure   options.  
 
Targeted   uses   of   the   HW   ES   Primer   include:   1)   determining   how   to   best   value   an   ecosystem  
service(s)   depending   on   the   goal   of   the   decision-maker   (e.g.,   making   a   land-use   change,   needing   to  
improve   air   and/or   water   quality,   providing   erosion   control   or   increasing   carbon   sequestration,  
providing   more   outdoor   recreation   in   an   area,   lowering   energy   costs,   etc);   2)   determining   how   many  
ecosystem   services   an   area   of   land   provides   to   humans   and   wildlife;   3)   comparing   the   ecosystem  
services   of   different   areas   of   the   region;   and   4)   accessing   the   options   available   to   a   decision-maker  
when   looking   at   land-use   changes).   For   example,   this   Primer   has   been   used   by   various   local,   state  
and   federal   agencies   to   1)   consider   ways   to   quantify   multiple   impacts   to   parks   systems   -   due   to   both  
nature   and   man-made   events,   and   2)   cumulatively   value   the   ES   impacts   from   temporary   or  
permanent   land-use   disturbances,   such   as   new   installation   of   oil   and   gas   pipeline   running   through  
public   lands,   disaster-fund   residential   home   buyouts,   enlargements   in   existing   riparian   corridors   and  
increased   use   of   nature-based   stabilization   techniques   on   developed   lands.   The   HW   ES   Primer   is  

1  One   HW   ES   Primer   presenta�on   example:  
h�ps://conference.ifas.ufl.edu/NCER2018/presenta�ons/Salon%20C/Wednesday/1640%20January-Bevers.pdf .   
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also   used   by   governmental   officials   and   residential/commercial   developers   considering  
nature-based   infrastructure   projects   for   large   storm-water   detention   areas   and   riparian   nature-based  
stabilization   techniques,   including   low   impact   development,   bioswales   and   carbon   sequestration.   
 
In    Six   Steps    designed   to   aid   decision-makers   in   infrastructure   options,   this   Primer   looks   at   how   the  
framework   for   comparison   and   valuation   of   the   natural   environment   can   be   improved   by   laying   out  
a   comprehensive   and   systematic   means   to   ensuring   that   ecosystems,   and   the   critical   services   that  
they   provide,   are   taken   into   account   in   policy   decisions.  
 
Throughout   this   Primer,   the   authors   promote   consideration   of   nature-based   solutions   to  
regional/community   infrastructure   needs,   including   aiming   for   a   healthy   urban   environment   for   all  
citizens   through   inter-connected   improvements   in   the   various   types   of   possible   ecosystem   services,  
improving   access   to   green   spaces,   providing   sustainable   solutions   to   regional   risks   and   stressers   in  
air   pollution,   frequent   flooding,   non-point   source   pollution,   low   organic   carbon   sequestration,   and  
reductions   in   ecological   connectivity   within   urban   spaces.   Native   grass   and   tree   species   are  
encouraged   in   all   types   of   nature-based   infrastructure   options .   
 
On   a   global   scale,   Houston   Wilderness   supports   the   UN   Global   Assessment   Report   on   Disaster   Risk  
Reduction,   produced   by   the   Intergovernmental   Science-Policy   Platform   on   Biodiversity   and  
Ecosystem   Services   (IPBES),   that   highlights   the   critical   need   to   integrate   biodiversity  
considerations   in   global   decision-making   on   any   sector   or   challenge,   whether   its   water   or  
agriculture,   infrastructure   or   business.   Healthy   biodiversity   is   the   essential   infrastructure   that  
supports   all   forms   of   life   on   earth,   including   human   life.   It   also   provides   nature-based   solutions   on  
many   of   the   most   critical   environmental,   economic,   and   social   challenges   that   we   face   as   human  
society,   including   climate   change,   sustainable   development,   health,   and   water   and   food   security.   
 
This   Primer   recognises   that   there   is   considerable   complexity   in   understanding   and   assessing   the  
causal   links   between   infrastructure   policy,   its   effects   on   ecosystems   and   related   services   and   then  
valuing   the   effects   in   economic   terms.   Integrating   policy,   science   and   economics   disciplines   is  
important   when   going   through   these   Six   Steps.   The   critical   importance   of   the   links   to   scientific  
analysis,   which   form   the   basis   for   valuing   ecosystem   services,   is   also   stressed   in   this   Primer.   Also,  
there   may   not   be   a   ‘perfect’   ecosystem   service   valuation   for   many   decision-making   purposes.  
Practical   ES   appraisals   need   to   be   able   compare   the   relative   magnitude   of   changes   in   the   provision  
of   ecosystem   services   across   different   options,   and   this   can   be   possible   even   with   limited  
availability   and   precision   of   scientific   and   economic   information.   In   most   cases,   it   should   be  
possible   to   present   a   robust   assessment,   with   suitable   sensitivity   analysis,   highlighting   the   key  
uncertainties   and   exploring   their   implications.  
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STEP   1   -   Determine   the   goal(s)   of   the   decision   maker   in   the   area(s)   of   infrastructure   interest  

1. Ecological   function   monitoring   
➢ Trying   to   determine   how   existing   external   and/or   internal   forces   impact   healthy   ES  

■ Non-point   source   pollution  
■ Large   rain   events   that   overload   bayous/creeks/rivers   

➢ Trying   to   determine   how   changes   to   infrastructure   can   improve   ES   
■ Determine   ES   benefits   of   regional   soil   health   
■ Adding   parks/green   space  
■ Adding   native   plants   along   riparian   corridors  

2. Spatial-scale   impact   on   function   
➢ Large   native   prairie   landscapes   -   adding   acreage  
➢ Large-scale   native   tree   species   plantings  
➢ Nodes   of   water   quality   filtering   features   along   waterway   corridors  

3. Outright   losses   
4. Substitute   Equivalency   
5. Building   something   new  
6. Energy   savings   
7. Insurance   savings   
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8. Property   value  
9. Cost   of   illness   (health   impacts)  

STEP   2   -   Understand   the   Ecosystem   Services   (ES)   of   a   particular   area   of   interest   

1. Ways   to   define   Nature-based   Infrastructure   (NBI)  
2. Types   of   NBI  
3. The   Role   Texas’   Unique   Soils   Play   in   Ecosystem   Services  
4. ES   Issues   in   Greater   Gulf-Houston   Region   -   Eight   County   area  

➢ Local   ES   Benefits  
➢ Impacts   on   people   and   wildlife   in   Greater   Gulf-Houston   area  

➢ Residential   and   corporate   changes   to   adapt   to   extreme   events  
➢ Wildlife   changes/adaptations   as   extreme   events   continue  

STEP   3   -   Establish   a   baseline   evaluation   for   measurement  

1. Are   ES   healthy   or   unhealthy   in   their   current   state?  
2. Is   a   unit   of   measurement   possible?   
3. Determine   the   level   (state   of)   human   well-being   associated   with   each   ES  

 
STEP   4   -   Consider   regional   challenges   &   opportunities   where   ES   can   be   applied  

➢ Oil   &   Gas   Capital   -   pipelines   and   plants  
➢ Air   Quality   and   Urban   Heat   Island   Effect   on   communities   in   the   region  
➢ Impacts   of   Sea   Level   Rise   on   Texas   Coast  
➢ Funding   Responses   to   High   Risk   factors   and   areas   of   concern   in   the   region  

STEP   5   -   Create   flow   chart   of   Ecosystem   Services’   Benefits   and   Economic   Valuations  

Ecology  ⇒⇒⇒ Ecosystem   Services       ⇒⇒⇒      Social   Benefits  

❖ Benefit   Relevant   Indicators  
➢ Example:   Large   scale   tree   plantings   with   targeted   high   ES   tree   species   

❖ Economic   Values  
➢ Regional   Case   example:    Our   Great   Region   2040   Strategy   Playbook  

STEP   6   -   Decide   the   best   method(s)   to   use   in   determining   the   value   of   the   ES   in   area(s)   of  
interest  

1. On-site   ecological   function   analysis   
➢ Regional   Case   example:    Port   of   Houston   TREES    Program  
➢ Using   ecosystem   services   indices   to   evaluate   the   current   state   of   ES   in   the   Greater  

Houston   Region   
2. Avoided   cost   

➢ Regional   Case   examples:   
■ Gulf-Houston   Regional   Conservation   Plan   (RCP)    Working   List   of   Projects  
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■ RCP’s   3   Large-Scale   Key   Goals   
■ US   Corps   of   Engineers   –    Engineering   with   Nature  

3. Replacement   cost   
➢ Regional   Case   example:   Dow   Chemical   nature-based   wastewater   treatment  

4. Mitigation   and   restoration   cost   
➢ Regional   Case   examples:  

■ Harris   County   Flood   Control   District’s   post-Harvey   bond   projects   and   home  
buyouts   

■ Columbia   Bottomlands   Mitigation   Bank  
5. Direct   market   price   

➢ Regional   Case   example:   Houston   Stronger   -   Regional   Master   Planned   Communities  
6. Hedonic   pricing   

➢ Regional   Case   example:   Project   Brays   Bayou  
7. Stated   Preference  

VI.   Frequently   Asked   Questions   

❖ References  
❖ Appendix   A  
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Abstract   of   HW   ES   Primer   

Natural   landscapes   serve   our   well-being   in   a   variety   of   ways   including   water   purification,   flood  
protection,   hurricane   protection,   carbon   capture,   recreation   and   wildlife   enhancement.   Identifying  
and   understanding   the   benefits   of   services   provided   by   local   ecosystems   can   lead   to   cost-effective  
solutions   to   infrastructural   and   environmental   problems   while   also   creating   enhanced   biodiversity  
in   urban/suburban   areas.   For   the   storm-prone   Greater   Houston   region,   the   critical   need   to   better  
connect   the   ecosystem   services   (ES)   provided   by   the   diverse   assemblages   of   forests,   prairies,  
wetlands,   riparian   waterways   and   estuaries   to   long-term   resilience   and   disaster   protection   is   taking  
shape   following   four   years   of   increased   rain   events,   severe   hurricane   destruction   and   sea   level   rise.  
Adding   to   these   challenges   are   the   region's   unique,   clay-rich   soil   composition,   made   up   largely   of  
vertisols   and   alfisols   which   greatly   influence   infiltration   and   runoff,   especially   during   heavy   rain  
events.   These   same   soils   affect   environmental   enhancement   and   recovery   efforts   in   the   region's  
bays   and   estuaries,   where   the   dynamics   of   various   commercial   industries   intersect   with   fisheries,  
coastal   wetlands   and   marine   life.   Greater   knowledge   and   understanding   of   the   region's   soil  
composition,   by   both   scientists   and   decision-makers,   can   help   guide   the   discussion   and  
implementation   of   billions   of   dollars   in   post-disaster   projects   targeting   improvements   in   critical  
ecosystem   services.  

This   Houston   Wilderness’     Ecosystem   Services   Primer,   2nd   Edition ,   and   related   slide   presentation,  
discusses   ways   for   determining   ecosystem   services   (ES)   benefits   and   values   using   different  
established   study/valuation   methods   depending   on   targeted   infrastructure/project   goals.   In    Six   Steps  
designed   to   aid   decision-makers   in   infrastructure   options,   this   Primer   looks   at   how   the   framework  
for   comparison   and   valuation   of   the   natural   environment   can   be   improved   by   laying   out   a  
comprehensive   and   systematic   means   to   ensuring   that   ecosystems,   and   the   critical   services   that   they  
provide,   are   taken   into   account   in   policy   decisions.   The   Six   Steps   include:   determining   the  
nature-based   infrastructure   goals,   understanding   the   role   of   various   ES   in   decision   making,  
establishing   an   ES   baseline   for   the   targeted   area(s),   evaluating   benefit   relevant   indicators,  
considering   regional/local   challenges,   and   using   optimal   ES   valuation   methods.   In   this   way,   the   HW  
ES   Primer   considers   the   environment   as   a   whole   –   bringing   together   land,   water,   air,   soil   and  
biodiversity,   recognising   that   their   linkages   provide   a   wide   variety   of   services   and   benefits.   

This   broader   framework   allows   a   shift   in   emphasis   from   a   focus   mainly   on   valuing   environmental  
damage   to   highlighting   the   value   of   changes   in   the   services   provided   by   the   natural   environment  
through   use   of   nature-based   infrastructure.   Ecosystem   services   contribute   to   economic   welfare   in  
two   ways   –   through   contributions   to   the   economy   of   a   region   and   long-term   resilience,   and   through  
the   prevention   of   significant   damages   that   inflict   costs   on   society.   With   a   broader   focus   on   valuing  
the   benefits   provided   by   ecosystems,   policy   options   that   enhance   the   natural   environment   are   also  
more   likely   to   be   considered   that   demonstrate   that   investing   in   natural   capital   can   make   economic  
sense.   Local   and   regional   case   examples   are   discussed,   where   science-based   ES   benefits   and  
valuation   options   were   analyzed   and   practical   nature-based   solutions   were   implemented,   often   as  
alternatives   to   more   structural,   gray   infrastructure   options.    
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Definitions  
 

● Benefit   Relevant   Indicators   (BRIs)    -   “indicator   that   explicitly   reflects   an   ecosystem’s  
capacity   to   provide   benefits   to   society,   ensuring   that   ecosystem   services   assessments  
measure   outcomes   that   are   demonstrably   and   directly   relevant   to   human   welfare.”   BRI’s   are  
used   through   “causal   chains   that   link   management   decisions   through   ecological   responses   to  
effects   on   human   well-being”   (Olander   et   al.   2018)  

● Ecosystem   Functions    -    Ecosystem   functions   are   the   biological,   geochemical   and   physical  
processes   that   are   constantly   occurring   within   ecosystems.   These   can   also   be   thought   of   as  
components,   processes,   and   actions   that   must   occur   within   an   ecosystem   to   maintain   a  
healthy   balance.   Put   another   way,   ecosystem   functions   are   the   capacity   of   natural   processes  
and   components   to   provide   goods   and   services   that   satisfy   human   needs,   directly   or  
indirectly   (de   Groot   et   al.,   2002).  

● Ecosystem   Services   (ES)    -   The   multiple,   valuable   benefits   that   humans   and   wildlife   receive  
from   the   functioning   of   various   ecosystems”   (MEA,   2005).   

● Ecosystem   Services   Capital   Asset   Classification   System    -   “an   agreed   classification   of   natural  
capital   assets   is   required   to   standardise   their   identification,   description   and   measurement,   and  
support   action   to   reduce   and   mitigate   the   pressures   they   are   under”   (Leach   et   al.,   2019).  

● ES   valuations    -   quantifying   and   assigning   a   value   to   an   ecosystem   service,   in   monetary   terms   or  
other,   using   a   variety   of   methods   

● Infrastructure   Goals   of   various   D ecision-makers    -   the   aim/goal   of   a   policy   or   decision  
maker   and   which   ES   are   of   interest   influences   which   method   of   ES   assessment   should   be  
applied   for   ES   valuation   

● Millennium   Ecosystem   Assessment   (MEA)    -   “From   2001   to   2005,   the   MA   involved   the  
work   of   more   than   1,360   experts   worldwide   and   assessed   the   consequences   of   ecosystem  
change   for   human   well-being.   Their   findings   provide   a   state-of-the-art   scientific   appraisal   of  
the   condition   and   trends   in   the   world’s   ecosystems   and   the   services   they   provide,   as   well   as  
the   scientific   basis   for   action   to   conserve   and   use   them   sustainably”   (MEA,   2005).  

● Natural   Capital    -   A   similar   term“the   world’s   stocks   of   natural   assets   which   include  
geology,   soil,   air,   water   and   all   living   things.   It   is   from   this   natural   capital   that   humans  
derive   a   wide   range   of   services,   often   called   ecosystem   services,   which   make   human   life  
possible”   (World   Forum   on   Natural   Capital,   n.d)  

● Nature-Based   Infrastructure   (NBI)    (also   called   Green   Infrastructure)   -   Generally,   NBI  
includes   all   undeveloped   lands   that   are   protected/preserved   in   some   long   term   capacity  
(public   or   private)   and   provide   a   variety   of   ecosystem   functions   and   services,   even   if   not   in  
a   pristine   or   restored   state.    For   flood   mitigation   and   resilience   purposes   in   Texas   under   the  
Statewide   Flood   Infrastructure   Plan ,   NBI   is   defined   as   “ non-structural   flood   mitigation  
including   but   not   limited   to   conservation   and   restoration   of   land,   wetlands,   grasslands,  
forests,   and   riparian   areas.”   
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● Nature-Based   Stabilization   Techniques    (also   called   Green   Stormwater   Infrastructure  
Techniques   or   Tools)   -   Innovative   approaches   to   shoreline   and   stormwater   infrastructure  
including   living   shorelines   are   “necessary   as   our   coastal   communities   and   shorelines   are  
facing   escalating   risks   from   more   powerful   storms,   accelerated   sea-level   rise,   and   changing  
precipitation   patterns   that   can   result   in   dramatic   economic   losses”   (SAGE,   NOAA,   and  
USACE,   2015)  

● Resilience   Plans   and   Projects   around   the   region,   the   U.S.   and   the   world    -   “ecosystem  
resilience   is   the   inherent   ability   to   absorb   various   disturbances   and   reorganize   while  
undergoing   state   changes   to   maintain   critical   functions”   (Sasaki   et   al.   2015).   Projects   and  
planning   are   underway   to   optimize   and   maintain   ecosystem   resilience   
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Quick   One-Page   Reference   for    Six   Steps   Guide   for   Making   Infrastructure   Decisions  
Based   on   the   Benefits   &   Values   of   Multiple   Ecosystem   Services  

 

STEP   1   -   Determine   the   goal(s)   of   the   decision   maker   in   the   area(s)   of   infrastructure   interest  

❑ Ecological   function   monitoring   
❑ Spatial-scale   impact   on   function   
❑ Outright   losses   
❑ Substitute   Equivalency   
❑ Building   something   new  

❑ Energy   savings   
❑ Insurance   savings   
❑ Property   value  
❑ Cost   of   illness   (health   impacts)  

 

STEP   2   -   Understand   the   Ecosystem   Services   (ES)   of   a   particular   area   of   interest   

❑ Types   of   nature-based   infrastructure  
❑ Determining    what   ecosystem   services   exist   in   the   area   of   interest  
❑ Benefits   to   humans   and   wildlife  

STEP   3   -   Establish   a   baseline   evaluation   for   measurement  

❑ Identify   the   health   (quality    and   supply)    of   each   ecosystem   service   in   the   area   of   interest   
❑ Determine   the   current   use   and   appreciation   of   the   ES   in   each   ecoregion   
❑ Determine   the   level   (state   of)   human   well-being   associated   with   each   ES  

 
STEP   4   -   Consider   regional   challenges   &   opportunities   where   ES   can   be   applied  

❑ Pipelines   and   plants  
❑ Air   quality   and   urban   heat  

island   effect   

❑ Sea   level   rise   on   Texas   Coast  
❑ Increased   large   rain   events  

STEP   5   -   Create   flow   chart   of   Ecosystem   Services’   Benefits   and   Economic   Valuations  

Ecology  ⇒⇒⇒ Ecosystem   Services       ⇒⇒⇒      Social   Benefits  

STEP   6   -   Decide   the   best   method(s)   in   determining   the   value   of   the   ES   in   area(s)   of   interest  

❑ On-site   ecological   function   analysis   
❑ Avoided   cost   
❑ Replacement   cost   
❑ Mitigation   and   restoration   cost   
❑ Direct   market   price   

❑ Hedonic   pricing   
❑ Stated   preference   (survey   method)  
❑ ES   Indices/Equations  
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I. How   Ecosystem   Services   Work    (Ecosystem   Functions   vs   Services)   

 

By   living   alongside   natural   ecology   and   allowing   ecosystems   the   space   to   perform   their  
self-sustaining   functions   and   services,   humans   and   wildlife   are   able   to   enjoy   the   myriad   goods   and  
services   these   functions   yield.   In   doing   so   we   save   time,   effort   and   precious   resources   that   might  
have   otherwise   been   expended   to   build   a   gray   infrastructure   option.   Moreover,   natural   systems   will  
continue   to   produce   these   same   ES   results   year   after   year,   season   after   season   -   with   enhancements  
possible   through   various   means   of   land/water   conservation   and/or   restoration   efforts.   Human   ways  
of   life   have   utilized   ecosystem   services   for   generations,   long   before   the   recognition   of   placing   a  
value   on   these   ES   was   recognized   as   a   contributing   economic   tool   —a   fact   visibly   reflected   in  
commodities   markets   established   for   tangibly   useful   goods   and   services,   such   as   purchase   of   fresh  
oysters,   public   “waterfront”   property,   tree-lined   enjoyment   along   nearby   trails   and   use   of   water  
quality   filtering   streams   in   place   of   gray   infrastructure   options.  

There   are   many   ways   to   discuss   ecosystem   functions   versus   services.   One   way   is   to   illustrate   the  
difference   between   the   function   of   the   Starbucks   employee   who   can   make   different   kinds   of   coffee  
recipes   (the   barista)   versus   the   value   of   a   particular   coffee   type.   Starbucks   does   not   base   the   value  
of   the   coffee   on   the   functions   of   the   employee   but   on   the   benefit   value   to   the   consumer.   Much   the  
same   way,   the   functions   performed   by   an   ecosystem   does   not   itself   have   a   specific   value   but   the  
ecosystem   services   provided   to   humans   and   wildlife   through   those   vital   functions   -   services   such   as  
improved   air   and   water   quality,   enhancement   flood   and   erosion   control,   carbon   sequestration,  
outdoor   recreation   and   enjoyment,   increased   property   values   and   market   commodities   -   have   an  
economic   or   social   benefit   value.   

Moveover,   when   ordering   a   particular   kind   of   coffee   -   such   as   a   Frappuccino   -   the   consumer   (i.e.  
“decision-maker”)   is   often   less   concerned   with   the   technical   operations   that   produce   their   goods  
and   service   than   with   the   substance   of   the   goods   and   service   itself   -   the   specific   coffee   order  
requested.   The   consumer   pays   a   price   (value   of   the   service)   based   on   the   expectation   of   the   taste  
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and   quality   of   the   item   purchases,   choosing   between   otherwise   indistinguishably   serviceable,   or  
substitutional,   products.   

 

Illustration   1:   Economic   example   of   function   vs   service   

Comparatively,   when   a   decision-maker   is   reviewing   options   for   providing   its   residents   with   clean  
drinking   water,   it   may   consider   options   with   no   functional   difference   (i.e.   taste   and   safety)   through  
conventional   industrial   (gray   infrastructure)   means   or   through   natural   filtration   processes   performed  
by   engineered   filtering   through   wetland   plants   (nature-based   infrastructure).   The   value   of   the  
ecosystem   service   is   the   same   -   clean   drinking   water.   There   is   however   a   huge   difference   between  
the   two   options   -   in   that   additional   benefits   are   derived   from   the   nature-based   infrastructure   that   are  
not   derived   from   the   gray   infrastructure   -   including   added   green   space,   improved   air   quality,  
increased   water   and   soil   carbon   absorption   and   aesthetic   enhancements.   These   added   benefits  
(values)   are   an   important   component   of   a   decision-makers   comparison   of   gray   vs   nature-based  
infrastructure   options,   and   when   looked   at   from   a   cost-benefit   analysis,   often   provided   substantial  
cost   savings   to   the   decision-maker.  

Similarly,   if   a   decision   maker   wants   to   consider   nature-based   infrastructure   options   to   increase   air  
pollution   absorption   on   its   property,   it   may   consider   the   differences   in   air   pollution   absorption   rates  
(ecosystem   function)   between   different   native   tree   species   to   choose   large-scale   tree   planting   of  
high   absorptive   trees   as   a   nature-based   infrastructure   option   over   a   more   gray   infrastructure   option  
(see   example   below).   Native   trees   capture   CO 2    during   their   ecosystem   function   of   photosynthesis  
providing   people   with   cleaner   air   as   the   resulting   ecosystem   services.   To   measure   the   impact   of  
these   and   other   services   in   the   Greater   Houston   region   we   will   discuss   the   benefits   of   local  
ecosystem   services   in   Step   2   below,   the    Impacts   on   People   and   Wildlife   in   the   Greater   Houston  
Area   Section   
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II. Valuing   ES   -   Benefit   Relevant   Indicators   vs   Economic   Value   
 
Sometimes,   there   may   be   a   corollary   to   the   specific   value   placed   on   ecosystem   service   that   can   provide  
a   valuable   and   quantifiable   benefit   all   by   itself.   And,   this   type   of   benefit   can   be   just   as   useful   in   looking  
at   nature-based   infrastructure   options   as   a   specific   economic/monetary   value.   For   example,   to   use   the  
Starbucks   example   again,   the   function   of   making   a   specific   coffee   recipe   may   not   change,   but  
sometimes   items   are   introduced   by   Starbucks   that   increases   the   interest   in   ordering   a   specific   type   of  
coffee   or   in   ordering   the   item   more   frequently   (see   examples   below   in   Illustration   2).   Substantial  
increases   in   sales   after   introduction   of   these   new/additional   items   are   indicators   that   there   is   a   benefit  
derived   from   them.   When   quantifying   the   benefits   of   ecosystem   services,   the   results   of  
increases/decreases   in   these   types   of   new/additional   items   are   called   Benefit   Relevant   Indicators   (BRIs).  
The   values   of   ES   may   or   may   not   be   known,   but   the   BRIs   can   provide   a   substantial   basis   for  
improved/enhanced   value   for   a   decision-maker   to   weigh   options   in   cost/benefit   analysis.  

 

https://knoema.com/infographics/kchdsge/number-of-starbucks-stores-globally-1992-2019 https://www.bigcommerce.com/blog/starbucks-red-cups-holiday-campaign/  

Illustration   2:   Starbucks   examples   of   Benefit   Relevant   Indicators   on   improved   sales   without   change  
in   function  

The   type   of   valuation   technique   chosen   will   depend   on   the   type   of   ecosystem   service   to   be   valued,  
as   well   as   the   quantity   and   quality   of   data   available.   Some   valuation   methods   may   be   more   suited   to  
capturing   the   values   of   particular   ecosystem   services   than   others.   

III. Global   Classifications   of   Ecosystem   Services   
Various   types   of   decision   makers   need   to   understand   how   environmental   changes   -   (e.g.,   land  
degradation,   land/water   enhancements,   land   development,   climate   impacts   to   land/water,   etc.)   can  
lead   to   improvements,   disruption   or   unintended   impacts   on   ecosystem   services   (ES)   assets   used   by  
or   associated   with   a   private   or   public   operation   or   environmental   feature   -   such   as   a   riparian  
corridor,   a   reservoir,   a   coastal   estuary,   beachfront   property,   etc.   There   are   standardised   ES  
classifications   for   the   various   types   of   ES   supported   by   ecological   functions   provide   decision  
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makers   with   “first   step”   tools   to   evaluate   the   status   and   trends   of   ES   assets   and   to   subsequently  
estimate   the   improvements,   or   risk   of   disruption   or   unintended   impacts   in   the   benefits   of   ES.   

For   example,   a   bank,   developer   or   governmental   entity   investing   in   an   infrastructure   project   in   a  
low-lying   region   subject   to   coastal   or   riparian   erosion,   will   be   dependent   on   erosion   control   as   an  
ecosystem   service   if   their   investment   is   to   be   viable.   This   ES   can   be   delivered   through   a  
combination   of   vegetated   habitats,   well-structured   soils   and   sediments,   and   stable   land  
geomorphology.    As   discussed   with   the   two   respective   classification   systems   below,   identifying   and  
categorizing   these   ES   assets   enables   a   consistent   approach   to   risk   assessment.   

Millennium   Ecosystem   Assessment   (MEA)    As   we   continue   to   think   about   capitalizing   on  
ES,   this   ES   Primer   uses   the   guiding   framework   provided   by   the   U.N.’s   Millennium   Ecosystem  
Assessment   (MEA)   of   ES   categorized   by    provisioning,   regulating,   cultural   and   supporting .  
These   can   be   thought   of   in   terms   of   raw   goods   (provisioning)   and   services   (regulating   and   cultural)  
while   supporting   services   act   to   keep   the   system   as   a   whole   in   functional   equilibrium.   As   ES   has  
grown   in   popularity   and   interest,   additional   ES   categorizations   have   been   created   (See   Appendix  
A).   This   Primer   continues   to   use   the   MEA   framework   and   charts   providing   a   uniform   set   of   icons  
for   various   ES   benefits   and   one   providing   a   breakdown   of   ES   capital   based   on   scale   of   the   ES   asset  
(see   below).  

 
The   MEA   Classification   List   above   illustrates   the   different   ecosystem   service   classifications   and   their  

types   of   services.  
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Source:  
https://www.iucn.org/news/commission-environmental-economic-and-social-policy/201702/step-sustain 
ability-maes-mapping-and-assessment-ecosystem-services-european-cities-and-italy  

 

Illustration   3:   ES   icon   legend   for   those   services   provided   within   the   Gulf   Houston   region   (Houston  
Wilderness,   2018).    There   are   various   levels   of   description,   including   oft-used   icons,   when   discussing   the   ES  
classifications   but   they   all   begin   with   the   basis   classifications   shown   above.   Throughout   this   primer   you   will  
find   the   oft-used   icons   below   in   case   studies   examples   where   these   types   of   ecosystem   services   were  
beneficial   or   measured.  

IV. Infrastructure   Decisions   Based   on   the   Benefits   and  
Economic   Value   of   Multiple   Ecosystem   Services  

As   discussed   above,   ecosystems   can   provide   us   with   useful   goods   and   services.   In   addition   to  
providing   a   targeted   project   objective,   such   as   improved   air   and/or   water   quality,   natural   functions  
also   produce   a   bundle   of   other   ecosystem   services   that   may   not   be   targeted   but   are   still   beneficial   to  
the   surrounding   community,   such   as   erosion   control,   water   absorption,   added   recreation,   higher  
property   values,   and   bigger   seafood   yields,   to   name   a   few.   In   pursuit   of   a   particular   project  
objective,   sometimes   other   auxiliary   ES   are   not   taken   into   account   and   their   associated   values   not  
included   in   decision-making.   This   section   explores   data   analytics   in   ecosystem   services’   benefits.   

Ecosystem   services   are   also   the   final   product   received   by   people   and   wildlife   from   a   healthy   biome  
and   ecologically   rich   environment.   These   results   are   directly   connected   to   the   biodiversity   of   that  
environment.   Although   there   is   a   need   for   more   robust   frameworks   to   illustrate   the   links   between  
biodiversity   and   ecosystem   services,   as   well   as   how   those   services   are   valued   by   people   and  
wildlife,   it   is   generally   understood   that   the   more   biodiversity   that   exists   within   an   ecosystem,   the  
more   stable   and   prosperous   ecosystem   is   and   can   then   provide   more   ecosystem   services.   
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EXISTING   SOLUTIONS   and   UNMET   NEEDS  

As   illustrated   in   the   various   case   studies   below,   regional   decision-makers   can   imagine   their   land-use  
activities   as   existing   within   a   continuum   of   conservation   efforts.   Public   infrastructure   projects—like  
Project   Brays    or   the    Bayou   Greenways   Initiative —represent   a   share   of   the   regional   land   cover  
controlled   by   the   public   sector.   The   public   landowner   can   enlist   additional   funding   from   the   private  
market   through   the   sale   of   green   bonds.   

Government   activity   is   further   exercised   through   its   political   authority   to   regulate   private   entities.  
Commitment   from   policymakers   can   influence   the   long-term   vision   by   fixing   the   available   supply  
of   land   conversion   acres   (e.g.   mitigation   banking   or   in-lieu   fee   programs)   and   upholding   ES  
integrity   in   the   commons   (e.g.   Watershed   Protection   Plans).   Private   interests   will   respond   to  
government   regulation   by   asking   “Is   it   still   cost-effective   to   convert   given   the   true   price   of   my  
impacts   (as   exposed   in   the   addition   of   regulatory   costs)?”   Within   a   business,   efforts   to   minimize  
operational   costs   will   leverage   determinants   of   market   health   (i.e.   sustainable   supply   chains,   steady  
demand   for   certified   products   and/or   more   efficient   outlays   to   green   infrastructure   technology)  
before   pursuing   land   conversion   activity,   thereby   imparting   a   more   indirect   effect   on   the   region's  
landscapes.   Finally,   the   Gulf-Houston   Regional   Conservation   Plan   (RCP)   attempts   to   fill   the   gaps  
between   public   and   private   conservation   by   leveraging   the   collective   efforts   of   our   region's   land  
trusts,   other   not-for-profit   entities   and   private   landowners.   Covered   in   more   depth   below,   the   RCP's  
3   key   goals   can   be   strengthened   through   partnership   with   the   other   efforts   listed   above—including  
mitigation   banks   and   in-lieu   fee   sites—and   in   a   sense   acting   as   a   database   of   large-scale   acquisition  
and   restoration   projects   across   the   public   and   private   sectors.   
 
The   options   for   wetland   mitigation   can   be   expanded   to   create   a   workable   in-lieu   fee   program,  
perhaps   even   using   the   RCP   as   a   tool   for   market   players   to   locate   their   projects   within   the  
ecological   boundaries   of   the   “watershed   approach”.   And   though   companies   like   Dow   Chemical  
have   already   implemented   on-site   NBI   projects,   further   education   of   business   leaders   on   the   subject  
could   be   helpful   in   strengthening   the   voluntary   private   effort.   

V. Regional   Case   Studies   
The   following   case   studies   illustrate   one   of   more   of   the   ecosystem   services   opportunities   that   were  
chosen   by   public   and/or   private   entities   after    making   Nature-Based   Infrastructure   decisions  
comparing   the   benefits   of   multiple   Ecosystem   Services  

A. Gulf-Houston   Regional   Conservation   Plan   (Gulf-Houston   RCP)  

 

One   way   to   assist   decision-makers   and   other   stakeholders   in   a   large   region   (such   as   the   8-county  
Greater   Houston   Region)   is   to   develop   and   implement   a   large-scale,   multi-partner  
conservation/restoration   initiative   that   highlights   the   ES   in   the   region   and   works   toward   specific  
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goals   to   improve   and   enhance   those   ES.   In   the   Greater   Houston   Region,   an   8-county    Gulf-Houston  
Regional   Conservation   Plan    ( GulfHoustonRCP.org )   has   been   established   as   a   long-term  
collaborative   of   environmental,   business,   and   governmental   entities   working   together   to   implement  
an   ecosystem   continuity   and   connectivity   plan   for   the   region.   In   addition   to   providing   an   online  
interactive   database   of   all   targeted   environment-based   projects   taking   place   in   the   region   (called   the  
Working   List   of   Projects ),   the   three   key   goals   of   the   Gulf-Houston   RCP   include:  

(1)   24%   by   2040:    Increasing   the   current   12.3%   in   protected/preserved   land   in   the   eight-county  
region   to   24%   of   land   coverage   by   2040,  

 

Illustration   4 .    Gulf-Houston   RCP   Land-Use   Data   for   8   County   Region   -   by   County  

(2)   50%   by   2040:    Increasing   and   supporting   the   region-wide   land   management   efforts   to   install  
nature-based   stabilization   techniques,   such   as   low-impact   development,   living   shorelines,   and  
bioswales,   to   50%   of   land   coverage   by   2040,   and  

 
 
(3)   0.4%   Annually:    Providing   research   and   advocacy   for   an   increase   of   0.4%   annually   in   air  
quality   offsets   through   carbon   sequestration   in   native   soils,   plants,   trees,   and   oyster   reefs   throughout  
the   8-county   region.  
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The   third   key   goal   of   the   Gulf-Houston   RCP   supports   a   0.4%   annual   increase   in   nature-based  
carbon   offsets   on   private   and   public   lands   through   substantially   enhanced   native   soils,   plants,   and  
trees   throughout   the   region.   Most   of   the   region’s   current   soil   carbon   content    is   only   28-33  
tons/acre.   But,   these   soils   have   the   capacity   to   absorb   64-77   tons/acre.   By   planting   native   trees   and  
grasses   with   high   levels   of   carbon   absorption    capabilities,   the   region   can   achieve   this   goal   of   an  
annual   0.4%   increase   in   organic   carbon   sequestration.   For   example,   if   2,000   Loblolly   Pine   trees   are  
planted   in   2019,   in   ten   years,   each   of   the   pine   trees   will   absorb   as   much   as   479   pounds   of   carbon  
each   year   for   a   total   of   958,000   lbs   –   a   0.17%   increase   in   carbon   sequestration   in   the   soil   around  
those   trees.   Multiple   initiatives   are   beginning   around   the   region,   including   the   City   of   Houston   and  

Harris   County,   to   plant   millions   of   trees  
over   the   next   decade.  

Illustration   5 .    Gulf-Houston   Regional  
Conservation   Plan   (RCP)   Initiative   map.  

The   completion   of   the   RCP   is   crucial   to  
protect   the   remaining   forests   and  
wetlands   of   the   area,   as   40%   of   these  
habitats   have   already   been   lost   to  
development.   The   Greater   Houston  
Region   is   home   to   nearly   10%   of   the  
nation’s   remaining   coastal   wetlands.   The  
ES   in   this   region   would   be   greatly  
enhanced   by   the   protection   of   the   Phase  
1   project   areas   in   the    Working   List   of  

Projects ,   which   include   land   acquisition   and   conservation   easements   in   various   parts   of   the   region.  
Communities   around   the   Phase   1   project   areas   will   benefit   from   the   preservation   and   continued  
supply   of   services   such   as   increased   flood   water   retention,   improved   water   quality,   and   enhanced  
recreation   opportunities.   The  
RCP-supported   projects   will   provide  
economic   value   through   the   increased  
ecosystem   services   in   the   region.   

Illustration   6.     Gulf-Houston   Regional  
Conservation   Plan    (RCP)   map   of  

projects   -   all   phases.  
(See   interactive   map   at  

www.GulfHoustonRCP.org )  
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B.   Texas   Monarch   Flyway   Strategy   program   

 

By   facilitating   collaborative   funding   from   various   federal,   state   and   regional   sources,   Houston  
Wilderness   is   working   with   federal   and   state   agencies,   biologists,   multiple   municipalities,   private  
and   public   land   owners,   schools   and   nonprofits   to   enhance   or   restore   thousands   of   acres   of   habitat  
for   monarch   butterflies   and   other   pollinators   throughout   Texas.   With   multiple   completed   and  
ongoing   projects   along   the   Texas   MFS,   partners   are   currently   collecting   various   native   milkweed  
and   pollinator   plant   seeds   and   plugs   for   distribution   to   collaborative   partners   around   the   state.  
Current   and   future   partners   are   also   focused   in   increasing   the   supply   of   milkweed   seeds   and   the  
variety   of   native   pollinator   species   across   all   types   of   property   in   the   state,   resulting   in   a   significant  
increase   in   pollinator   sources   and   then   result   in   an   increased   Monarch   and   other   insect   population   in  
key   migratory   flyway   areas   (see   more   at    http://houstonwilderness.org/mfs )  
 
C.    Houston   Stronger    Collaborative  

 

After   Hurricane   Harvey,   Houston   Stronger   formed   to   work   with   federal,   state   and   local   officials   on  
increasing   funding   for   flood   mitigation   and   flood-related   infrastructure   improvements.   Houston  
Stronger   worked   with   County   Judge   Ed   Emmett   to   create   the   Fight   Flooding   PAC,   a   group   of   Harris  
County   businesses,   organizations,   and  
individuals   who   came   together   to   support   the  
successful   August   25th,   2019   passage   of  
Proposition   A.   The   bond   proposed   $2.5   billion  
in   investment   to   equitably   reduce   Harris  
County’s   flood   risk   by   executing   over   230  
regional   flood   control   projects   in   all   of   Harris  
County’s   23   watersheds.  
 
Houston   Stronger   partners   worked   together  
with   members   of   the   Texas   Legislature,   like  
Senator   Brandon   Creighton   and   House  
Representative   Dade   Phelan,   to   pass   Senate  
Bills   6,   7,   and   8   during   the   86th   legislative  
session.   Thanks   to   leadership   from   the  
Lieutenant   Governor   Dan   Patrick   and  
Governor   Greg   Abbott,   the   bills   passed  
overwhelmingly   in   both   houses   and   provided  
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over   $2   billion   in   funding   for   flood   control,   recovery,   and   resilience   across   Texas.  

Houston   Stronger   continues   to   work   with   area   elected   officials   and   with   officials   at   Harris   County  
Flood   Control   and   the   City   of   Houston   on   flood   recovery   and   mitigation.   See   more   at  
https://houstonstronger.net/ .  

 
Illustration   7.   Flood   Protection   Plan   developed   by   Houston   Stronger   for   Harris   and   surrounding  

counties.   
 
D.   Project   Brays   Bayou   &   Bayou   Greenway   Initiative  

 

Two   examples   of   far   reaching   initiatives   utilizing   ecosystem   services   in   the   Greater   Houston   Area   is  
Brays   Bayou   Flood   Damage   Reduction   Project,   or   Project   Brays,   and   the   Bayou   Greenway  
Initiative   (also   called   the   Bayou   Greenways   2020   Project).   Project   Brays   is   cooperatively   funded   by  
Harris   County   Flood   Control   District   (HCFCD)   and   the   U.S.   Army   Corps   of   Engineers,   with  
assistance   from   Texas   A&M   Sea   Grant   for   the   Mason   Park   wetland   project,   consists   of   combined  
flood   control   efforts   and   local   initiatives   to   produce   over   70   individual   projects   along   and  
surrounding   Brays   Bayou.   Sub-projects   with   substantial   nature-based   infrastructure   components  
have   been   especially   successful   with   their   use   of   ecosystem   services,   including   Arthur   Storey   Park  
Stormwater   Detention   Basin,   Willow   Waterhole   and   the   Brays   Bayou   Marsh   at   Mason   Park.   These  
projects,   which   have   recently   reached   completion,   utilize   marsh   and   wetland   areas   within   the  
detention   basins   to   remove   pollutants   from   the   stormwater   runoff   and   redirected   bayou   water.   The  

water,   which   has   been   drastically  
improved   in   quality,   can   then  
return   back   into   the   freshwater  
bayou   system.   These   three  
innovative   basin   plans   along  
Brays   Bayou   contribute   to   the  
overall   vision   of   creating   a  
significant   flood   damage  
reduction   initiative   while   also  
utilizing   natural   areas   and   their  
ecosystem   services.   Project  
Brays   is   the   largest   flood   control  
and   water   quality   initiative   to  
have   been   managed   by   the   Harris  
County   Flood   Control   District.  
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In   2015,   the    Bayou   Greenways   Initiative    was   created   by   a   consortium   of   business,   non-profit   and  
governmental   leaders,   called   the   Quality   of   Life   Coalition,   to   connect   77   miles   of   trails   along   9  
different   bayous   in   the   Greater   Houston   Region   into   one   collective   initiative   for   use   in   adding  
substantially   more   nature-based   trails   and   green   space.   Originally   built   along   the   bayous   by   entities  
such   as    the   City   of   Houston ,    Harris   County ,   the    Texas   Department   of   Transportation ,   and    Tax  
Increment   Reinvestment   Zones   (TIRZs ).   By   2012,   Houstonians   showed   overwhelming   support   for  
Bayou   Greenways   Initiative   by   approving   $100   million   in   bond   funding   towards   new   trails   and  
parks   for   the   City   of   Houston.   Since   then,   the   Houston   Parks   Board   has   leveraged   the   commitment,  
support,   and   expertise   of   its   private,   civic,  
and   philanthropic   partners   to   raise   another  
$120   million   with   an   extraordinary   lead   gift  
of   $50   million   in   2013   from   the   Kinder  
Foundation.   The   following   nature-based  
riparian   trails   are   now   connected   together   for  
residents   and   visitors   alike   to   enjoy:    Brays ,  
Buffalo,    Greens ,    Halls ,    Hunting ,    Sims ,  
White   Oak ,   Cypress   Creek,   Spring   Creek  
and   the   West   Fork   of   the   San   Jacinto   River.  

 
Illustration   8.   GIS-based   map   of   waterways  

in   Greater   Houston   Region   (with   trails  
noted)  

 

E.   Dow   Chemical   nature-based   wastewater   treatment  

 
The   Dow   Chemical   Co.   (Dow)   is   actively   working   to   develop   an   approach   to   value   ecosystem  
services   and   incorporate   them   in   business   decisions.   The   110-acre   tertiary   treatment   wetlands   is  
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located   at   the   UCC   plant   in   North   Seadrift,   Texas,   USA.   The   Seadrift   Facility   is   a   large   industrial  
complex   containing   several   manufacturing   units   involved   in   the   production   of   plastic   resins   and  
other   organic   chemicals.   Wastewater   from   the   facility   and   stormwater   captured   in   containment   areas  
are   routed   through   the   wastewater   treatment   system   (WWTS).   The   original   WWTS   consisted   of  
primary/secondary   (anaerobic/aerobic   biological)   treatment   ponds   and   a   shallow   tertiary   pond   of  
approximately   267   acres   with   water   depth   ranging   from   1   to   4   feet.   The   tertiary   pond   was   operated  
as   a   solar   stabilization   pond,   with   no   active   mixing.   Lower   organic   loads   and   long   retention   time  
within   the   aerobic   section   and   tertiary   pond   created   ideal   conditions   for   phytoplankton   that   can   lead  
to   algal   bloom.   This   resulted   in   exceedance   of   the   plant’s   discharge   permit   criteria   for   total  
suspended   solids   (TSS)   and   required   extensive   pH   adjustments.   To   address   this,   UCC   evaluated  
several   design   alternatives.  
 
This   case   study   investigates   the   use   of   replacement   cost   methodology   (RCM)   for   financial   analysis  
and   life   cycle   assessment   (LCA)   for   environmental   assessment.   The   case   study   analyzes   a   business  
decision   made   in   1995,   where   a   constructed   wetland   was   built   instead   of   a   sequencing   batch   reactor  
to   solve   a   regulatory   compliance   issue   in   meeting   suspended   solids   requirements   for   a   wastewater  
treatment   system   at   the   Union   Carbide   Corp.   (a   subsidiary   of   The   Dow   Chemical   Co.)   plant   in  
Seadrift,   Texas.   The   financial   results   indicate   that   the   total   net   present   value   savings   calculated   for  
implementing   the   constructed   wetland   instead   of   the   sequencing   batch   reactor   is   $282   million   over  
the   project's   lifetime.   The   LCA   demonstrates   that   the   lower   energy   and   material   inputs   to   the  
constructed   wetland   resulted   in   lower   potential   impacts   for   fossil   fuel   use,   acidification,   smog  
formation,   and   ozone   depletion,   and   likely   lead   to   lower   potential   impacts   for   global   warming   and  
marine   eutrophication.   The   result   from   the   inventory   of   land   use   shows   that   both   the   upstream   land  
burdens   (for   the   sequencing   batch   reactor)   and   the   on‐site   acreage   of   the   constructed   wetland   are  
similar   in   magnitude   and   importance,   contrary   to   the   assumption   that   green   infrastructure   always  
requires   greater   land   area.   This   case   study   illustrates   how   Dow    considered   both   financial   and  
environmental   analyses   in   comparing   gray   and   green   infrastructure   solutions   and   further   understand  
the   benefits   of   implementing   green    or   nature-based    infrastructure   in   an   appropriate   industrial  
application.   See   more   at  
https://www.naturalinfrastructureforbusiness.org/wp-content/uploads/2015/11/DowUCC_NI4BizCa 
seStudy_ConstructedWetlands.pdf  
 
F.   Columbia   Bottomlands   Mitigation   Bank  

 

Established   in   2017,   the   goal   of   Columbia   Bottomlands   Mitigation   Bank   is   to   provide   appropriate  
compensatory   mitigation   for   unavoidable   impacts   to   wetlands   authorized   by   the   USACE   within   the  
Brazos/Oyster   Creek   watershed   and   adjacent   areas.   The   objectives   of   the   Bank   are   to   rehabilitate  
degraded   functions   to   8.04   acres   of   existing   jurisdictional   wetlands,   re-establish   and   sustain   wetland  
functions   to   323.9   acres   as   bottomland   hardwoods   wetlands,   and   re-establish   and   sustain   wetland  
functions   to   21.6   acres   as   coastal   prairie   emergent   wetlands.   The   EPA   and   the   Corps   use   the    1987  

23  

https://www.naturalinfrastructureforbusiness.org/wp-content/uploads/2015/11/DowUCC_NI4BizCaseStudy_ConstructedWetlands.pdf
https://www.naturalinfrastructureforbusiness.org/wp-content/uploads/2015/11/DowUCC_NI4BizCaseStudy_ConstructedWetlands.pdf
http://www.usace.army.mil/Missions/CivilWorks/RegulatoryProgramandPermits/reg_supp.aspx


 

Corps   of   Engineers   Wetlands   Delineation   Manual   and   Regional   Supplements    to   define   wetlands   for  
the   Clean   Water   Act   Section   404   permit   program.   Section   404   requires   a   permit   from   the   Corps   or  
authorized   state   for   the   discharge   of   dredged   or   fill   material   into   the    waters   of   the   United   States ,  
including   wetlands.  

 
Illustration   9.   Mitigation   bank   in   Brazoria   County,   Texas   

 
G.   Port   of   Houston   TREES   Program  

 

Fine   particulate   air   pollution   has   serious   health   effects,   including   premature   mortality,   pulmonary  
inflammation,   accelerated   atherosclerosis,   and   altered   cardiac   functions.   In   a   study   published  
on-line   by   the   journal   Environmental   Pollution,   researchers   David   Nowak   and   Robert   Hoehn   of   the  
U.S.   Forest   Service   and   Satoshi   Hirabayashi   and   Allison   Bodine   of   the   Davey   Institute   in   Syracuse,  
N.Y.,   estimated   how   much   fine   particulate   matter   is   removed   by   trees   in   10   cities,   their   impact   on  
PM 2.5    concentrations   and   associated   values   and   impacts   on   human   health.  
 
Port   Houston   Tree   &   Riparian   Enhancement   of   Ecological   Services   (PoH   TREES   program)    is   a  
multi-year   collaborative   project   by   Houston   Wilderness,   Trees   for   Houston,   Houston   Health  
Department   and   the   Port   of   Houston   Authority   focused   on   conducting   a   comprehensive   tree  
inventory   and   replacement   along   Lower   Buffalo   Bayou,   Lower   Brays   Bayou   and   25   miles   of   the  
Houston   Ship   Channel,   using   tree   species   research,   GIS-based   data   collection   and   on-site  
inspections   over   multiple   years.   Replacement   native   tree   species   are   ranked   in   priority   based   on  
their   respective   levels   of   air   pollution   absorption   (including   CO 2 ,   GHGs,   PM2.5)   as   well   as   water  
absorption   and   erosion   control.   The   removal   and   planting   phases   of   the   project   provide   a   multitude  
of   ecosystem   services   (increased   air   &   water   quality,   increased   nutrient   cycling   &   oxygen  
production   and   improved   aesthetic)   for   the   area.  
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Illustration   10.   Overview   of   Section   in   Phase   1   of   PoH   TREES   Program.   
 

Step   One  
STEP   1   -   Determine   the   goal(s)   of   the   decision   maker   in   the   area(s)   of  
infrastructure   interest  

There   are   a   variety   of   ways   to   assess   ES   values   –   depending   on   the   goal(s)   to   be   obtained   in   the   ES  
analysis   required   to   determine   the   relative   ES   value(s).    Many   such   goals   are   based   on  
development,   infrastructure,   in-house   operations   or   other   land-use   needs.   Below   is   (1)   a   list   and  
explanation   of   many   of   these   types   of   goals   and   (2)   the   ES   methods   of   analysis   that   could   be  
associated   with   them.   Nine   different   goal   options   are   referenced,   along   with   eight   different   goal  
analysis   methods.   Sometimes   a   combination   of   analysis   options   can   be   used   for   one   or   more   goals.  
Each   goal   analysis   represents   a   perspective   through   which   ES   becomes   “valuable.”   Paired   with   an  
evaluative   method   (see   the   following   section),   ecological   or   monetary   value   has   added   worth   when  
defined   in   goal   terms.   
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1. Ecological   function   monitoring   

➢ Trying   to   determine   how   existing   external   and/or   internal   forces   impact   healthy   ES  
■ Non-point   source   pollution  
■ Large   rain   events   that   overload   bayous/creeks/rivers   

➢ Trying   to   determine   how   changes   to   infrastructure   can   improve   ES   
■ Determine   ES   benefits   of   regional   soil   health   
■ Adding   parks/green   space  
■ Adding   native   plants   along   riparian   corridors  

Each   evaluation   ought   to   begin   by   taking   inventory   of   underlying   ecological   function.   What   if   you  
wanted   to   know   a   project's   impact   on   air   or   water   quality?   You   could   then   use    Ecological   Function  
Monitoring ,   which   uses   statistics   to   determine   the   role   that   landscape   and   ecological   functions   play  
in   regulating   services.   This   goal   analysis   looks   at   data   from   water   or   air   quality   monitoring   stations  
around   areas   with   differing   levels   of   development   and   existing   ecosystems   (e.g.   a   forested   area   vs.  
an   industrial   one,   water   quality   before   and   after   a   natural   filtering   feature,   etc.)   to   determine   if   the  
ecosystem   is   providing   improvements   in   water   or   air   quality   that   have   economic   value.   

For   example ,   a   Texas   university   conducted   an   Ecological   Function   Monitoring   study   on   coastal  
prairie   wetlands   in   the   Greater   Houston   region.   They   knew   that   runoff   can   contain   high   levels   of  
inorganic   nutrients   which   can   end   up   in   waterways   to   cause   eutrophication--an   excess   of   nutrients  
leading   to   algal   blooms,   decreased   levels   of   dissolved   oxygen   and   ultimately   lower   productivity  
overall.   The   coastal   prairie   wetlands   sites   were   found   to   remove   an   average   of   98%   of   inorganic  
nitrogen   from   water,   with   important   implications   for   combating   eutrophication   downstream   in  
Galveston   Bay.  

26  



 

    

2. Spatial-scale   impact   on   function   

Does   a   change   in   spatial   scale   yield   a   difference   in   function?    Analyzing   Spatial-Scale   Impact   on  
Function   would   look   at   the   services   provided  
by   an   existing   ecosystem   and   determine   the  
amount   the   services   could   increase   if   the  
area   of   land   devoted   to   the   ecosystem   were  
to   expand.   This   would   be   useful   in   looking  
at   how   recreational   values   increase   as   the  
recreational   space   grows.   Also   a   synergistic  
increase   in   some   ecosystem   services   could  
be   expected   as   the   dollar   per   acre   value   of   an  
ecosystem   may   not   increase   linearly   with  
increasing   ecosystem   size.   

➢ Large   native   prairie  
landscapes   -   adding   acreage  

➢ Large-scale   native   tree  
species   plantings  

➢ Nodes   of   water   quality   filtering   features   along   waterway   corridors  

 

Illustration   11.   Scale   in   ecological    studies,   a   forest   patch   nested   within   a   landscape   mosaic.  

3. Outright   Losses  

Development   decisions   may   cast   value   within   a   framework   that   explicitly   takes   land-use   change  
into   consideration.   What   is   the   value   of   the   ES   I'm   giving   up   to   loss   by   developing   the   site?   By  
analyzing   the    Outright   Losses    of   ES   to   development,   a   decision-maker   can   measure   the   value   of  
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services   that   a   landscape   naturally   provides   plus   how   much   it   would   cost   to   mitigate   or   replace   the  
service   loss   equal   to   its   current   level.   It   could   also   look   at   the   amount   of   money   that   can   be   saved  
when   the   service   provided   by   the   ecosystem   is   preserved.   For   example,   the   amount   of   stormwater  
that   is   absorbed   by   a   prairie   could   be   measured,   and   then   the   value   of   this   absorption   could   be  
determined   with   an   appropriate   valuation   method.   An   ecosystem   service   replacement   cost   study   can  
be   used   to   determine   the   value   of   both   indirect   and   direct   use   ecosystem   services.   

4. Substitute   Equivalency  

Is   it   cheaper   to   add   ES   elements   to   existing   operations?    An   analysis   of    Substitute   Equivalency  
could   compare   the   performance   of   existing   gray   infrastructure   and   determine   the   equivalent   amount  
of   green   infrastructure   that   would   be   needed   to   achieve   the   same   result.   This   goal   analysis   would   be  
best   suited   for   determining   the   value   of   regulating,   indirect-use   services.   For   example,   a   gray   vs.  
green   equivalency   capacity   analysis   might   be   used   to   determine   the   acreage   of   wetland   that   would  
be   needed   to   perform   the   same   amount   of   water   filtration   as   an   existing   gray   water   treatment  
facility.   

➢ Example   -   Dow   Chemical   needed   a   solution   for   tertiary   wastewater   treatment.   They  
compared   the   costs   for   an   artificial   wetland   versus   a   sequencing   batch   reactor   using  
the    Substitute   Equivalency    approach   in   conjunction   with   the   Replacement   Cost  
method.   By   opting   for   a   constructed   wetland   in   lieu   of   a   sequencing   batch   reactor,  
Dow   projected   an   estimated   $28M   in   savings   over   the   project’s   lifetime.   See   more   in  
Case   Study,   page   23)  

 

Illustration   12.   Dependence   of   Human   Wellbeing   on   Natural,   Social,   Built   and   Human   capital.  
Source:   Costanza   et   al.   2014.  

5. Building   Something   New  

Which   type   of   infrastructure   is   cheaper?    How   can   more   nature-based   infrastructure  
(protected/preserved   land)   be   added   to   a   project   goal?   A    Building   Something   New    analysis   could  
be   performed   when   there   is   the   option   to   build   either   gray   or   green   infrastructure   to   accomplish   an  
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infrastructure   goal.   This   goal   analysis   would   look   at   the   ecosystem   services   provided   by   a   green  
infrastructure   solution   and   compare   them   with   the   outcomes   of   a   gray   infrastructure   solution,   while  
taking   into   consideration   the   cost   of   construction   and   maintenance   that   would   be   required   in   both  
situations.  

➢ Example   -   Master   Planned   Communities   ( Where   and   How   can   MUDs   create  
Recreation   Facilities   in   Texas?   Is  
there   a   financing   cap   on   the   bonds  
that   MUDs   can   issue   for  
Recreational   Facilities?)  

 

Illustration   13.    R.   G.   Miller   Engineers,   Inc.   and  
Asakura   Robinson,   Inc.   /   Feasibility   study  
rendering   of   natural   drainage   residential  
development   (or   low   impact   development)   with  
creek   system   and   linear   detention,   infiltration,   and  
stormwater   quality   features.  

A   Municipal   Utility   District   (MUD)   located   in   Bastrop   County,   Bexar   County,   Waller   County,  
Travis   County,   Williamson   County,   Harris   County,   Galveston   County,   Brazoria   County,  
Montgomery   County   (some   restrictions   apply),   or   Fort   Bend   County   may   issue   bonds   supported   by  
ad   valorem   taxes   to   pay   for   the   development  
and   maintenance   of   recreational   facilities   but  
they   may   not   exceed   1%    of   the   taxable  
value   of   property   in   the   district   at   the   time   of  
issuance   of   the   debt   or   exceed   the   estimated  
cost   provided   in   the   park   plan   required   under  
TWC,   §49.4645(b),   whichever   is   smaller.  

 

6. Energy   Savings  

The   following   goals   aim   to   calculate   costs  
and   revenues   taken   on   over   a   project's  

lifetime,   including   operational   costs   and   capital   depreciation.    What   factors   impact   my   energy   bill?  
An    Energy   Savings    goal   analysis   can   be   performed   to   determine   the   value   of   ecosystem   services  

that   result   in   lower   energy   costs   for   a   building.   For   example,   trees   allow   less   solar   heat   to   penetrate  
windows   or   a   building’s   surface.   The   value   of   trees   providing   shade   to   a   building   could   be  

determined   by   calculating   the   amount   of   money   saved   on   energy   because   of   the   trees.   
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Illustration   14.   Trees   provide   many   important   services   for   humans,   living   organisms,   and   the  

environment,   including   energy   savings  

7. Insurance   Savings  

How   can   I   reduce   exposure   to   flooding   and   other   climate-related   risks?    A   goal   analysis   of  
Insurance   Savings    could   be   used   to   determine   the   value   of   regulating   services   such   as   water  
retention   and   flood   regulation   through   the   amount   of   insurance   costs   that   were   avoided   due   to   an  
ecosystem   service.   This   goal   analysis   might   look   at   historical   damages   to   property   and   determine  
how   much   current   or   proposed   ecosystem   services   would   reduce   these   costs.   

Coastal   wetlands   can   be   evaluated   in   terms   of   their   efficacy   in   lowering   costs   for   damages   incurred  
during   hurricanes.   Insurance   Savings   for   coastal   wetlands   has   been   studied   across   the   Atlantic   and  
Gulf   coasts,   concluding   that   the   loss   of   one   hectare   of   wetland   corresponded   to   a   national   average  
of   $33,000   for   incurred   damages   (both   direct,   physical   damages   and   indirect   loss   of   revenues,  

employment   and   market  
stability).   Additionally,   the   most  
valuable   wetlands   were   large   in  
area   and   located   in   states   that  
have   high   coastal   GDP   (i.e.  
heavy   reliance   on   industries   like  
fishing,   ecotourism   or   port  
activity)   like   Texas,   Louisiana,  
or   Florida.   

Illustration   15.   Important   climat e  
change-related   risks   and  
opportunities   for   insurers   
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8. Property   Value  

What   is   the   value   added   of   quality-of-life   improvements?    A    Property   Value    goal   analysis   can   be  
used   to   evaluate   the   increase   in   property   values   that   is   associated   with   natural   aesthetics,   improved  
air   quality,   or   improved   quality   of   life   in   an   area.   Proximity   to   an   ecosystem   that   is   providing   these  
services   generally   enhances   the   desirability   of   a   property   for   buyers,   and   this   increased   desirability  
gets   reflected   in   increased   prices   for   a   property   that   has   access   to   these   ecosystem   services.   Studies  
of different   properties   that   are   comparable   except   for   different   levels   of   naturally   aesthetic   spaces  
around   them   can   reveal   the   economic   impact   that   these   cultural,   non-use   services   have   on   the   value  
of   associated   goods.  

 

Illustration   15.    Greenways   can   increase   property   values   of   nearby   parcels   by   5   to   32   percent.  
Greenways   with   desirable   visual   characteristics   and   recreational   opportunities   correspond   to   higher  
property   values  

9. Cost   of   Illness  

What   is   the   value   of   the   avoided   health   care   costs?     A    Cost   of   Illness    goal   analysis   can   be   used   to  
evaluate   the   health   care   costs   that   are   associated   with   increased   air   and   water   pollution.   When   an  
ecosystem   such   as   a   forest   or   a   wetland   is   removed,   the   ecosystem   services   of   air   and   water   quality  
improvements   are   also   lost.   This   goal   analysis   might   look   at   the   health   impacts   and   costs   associated  
with   poor   air   and   water   quality   as   a   "value"   of   the   missing   ecosystem   services.   Additionally,   the  
value   of   added   improvements   to   water   and   air   quality   associated   with   increasing   an   area's  
ecosystem   services   could   also   be   determined   through   a   Cost   of   Illness   analysis.   Both   the   direct  
market   cost   and   avoided   cost   method   can   be   used   with   this   goal   consideration.   

Fine   particulate   air   pollution   has   serious   health   effects,   including   premature   mortality,   pulmonary  
inflammation,   accelerated   atherosclerosis,   and   altered   cardiac   functions.   In   a   study   published  
on-line   by   the   journal    Environmental   Pollution ,   researchers    David   Nowak    and    Robert   Hoehn    of   the  
U.S.   Forest   Service   and   Satoshi   Hirabayashi   and   Allison   Bodine   of   the   Davey   Institute   in   Syracuse,  
N.Y.,   estimated   how   much   fine   particulate   matter   is   removed   by   trees   in   10   cities,   their   impact   on  
PM 2.5    concentrations   and   associated   values   and   impacts   on   human   health.   The   study   used   the   EPA's  
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tool   BenMap   to   examine   tree   data   from   ten   U.S.   cities   (no   cities   in   Texas   were   evaluated).   BenMap  
was   used   to   obtain   an   estimate   of   the   health-related   costs   saved   by   the   removal   of   PM 2.5 .   The   results  
indicated   that   trees   in   New   York   City   removed   37.4   tons   of   PM 2.5    per   year,   resulting   in   a   benefit   of  
$60.1   M   per   year   related   to   avoided   health   care   costs   and   reduced   mortality   rates.   

 

Illustration   16.    Policy   analysis   framework   to   evaluate   how   ecosystem   conservation   improves   human  
health   and   well-being.   As   dotted   arrow   suggests,   analyses   can   guide   the   design   of   appropriate  
incentives   for   conservation   by   using   the   long-term   joint   pay-offs—i.e.   costs   and   benefits.  

Step   Two  
STEP   2   -   Understand   the   Ecosystem   Services   (ES)   of   a   particular   area   of  
interest   

1. Ways   to   define   Nature-based   Infrastructure   (NBI)  
2. Types   of   NBI  
3. The   Role   Texas’   Unique   Soils   Play   in   Ecosystem   Services  
4. ES   Issues   in   Greater   Gulf-Houston   Region   -   Eight   County   area  

➢ Local   ES   Benefits  
➢ Impacts   on   people   and   wildlife   in   Greater   Gulf-Houston   area  

■ Residential   and   corporate   changes   to   adapt   to   extreme   events  
■ Wildlife   changes/adaptations   as   extreme   events   continue  
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1.   Ways   to   Define   Nature-Based   Infrastructure   -     Infrastructure   that   relies   primarily   on  
ES   for   its   performance   goals   is   often   referred   to   as   Nature-Based   Infrastructure   or   Green  
Infrastructure.   Nature-based   Infrastructure   (NBI)   represents   the   most   direct   way   to   include   ES   into  
development   decisions.   Conversely,   “gray   infrastructure”   is   composed   of   synthetic/concrete  
materials   and   processes.   Agencies   and   industries   are   increasingly   making   use   of   NBI   with   great  
monetary   and   social   success—and   at   a   variety   of   scales—to   solve   environmental   regulatory   issues  
as   well   as   provide   more   services   beyond   a   targeted   project   objective,   such   as   cleaner   drinking  
water,   erosion   control   along   riparian   banks,   etc.   NBI   can   utilize   the   functions   of   existing   natural  
areas   or   a   natural   system   can   be   enhanced   or   engineered   for   high   ES   abilities.   Finally,   “green”   and  
“gray”   represent   a   palette   of   materials   within   a   spectrum   of   hybrid   design   approaches   rather   than  
mutually-exclusive   alternatives.   

 
2.   Types   of   NBI   -    Recent   large   flood   events   around   the   State   of   Texas   devastated   the   Texas  
Coast,   Hill   Country,   and   Rio   Grande   Valley   and   raised   interest   in   greater   investments   in  
Nature-Based   Infrastructure   (NBI)    projects.    NBI   projects   integrate,   add,   or   replace   built  
infrastructure   with   natural   landscape   features   to   sustain   and   restore   ecosystem   functions   and  
services,   particularly   related   to   stormwater   management,   flood   prevention,   erosion   control,  
wastewater   treatment,   and   drinking   water   conservation   and   delivery.    NBI   projects   can   provide  
cost-effective   flood   risk   reduction   with   lower   initial   capital   costs   and   lower   long-term   maintenance  
costs.   These   projects   can   also   provide   water   conservation   and   water   quality   benefits   as   well   as  
recreational   opportunities,   including   hunting,   fishing,   and   hiking.  

NBI  needs  across  the  State  of  Texas  include:  (1)  protecting/  preserving  land  to  naturally  hold  water                 
necessary  to  mitigate    
downstream  flooding,  (2)    
maintaining  additional   
detention  basins,  dams  and     
levees  throughout  targeted    
parts  of  the  state  to  store       
water  as  needed,  (3)     
increasing  use  of  native     
plants  and  trees  through     
low-impact  development   
techniques,  and  (4)    
planning  for  stormwater    
infrastructure  needs,  water    
quality   and   water   retention.  
 

 
Illustration   17.   Houston   Wilderness,   distributed   to   Texas   Legislature,   2019.  
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NBI   has   applications   in   important   coastal   protection   efforts.   Using   a   combination   of   gray   and   green  
infrastructure   for   coastal   protection   is   the   most   effective   strategy.   It   provides    multiple   lines   of  
protection   against   hurricanes   and   tropical   storms.   This   type   of    green   infrastructure   includes   oyster  
reef   creation,   dune   restoration,   living   shorelines,   tidal   marsh   and   wetland   restoration   and  
preservation,   and   other   vegetative   features.   The   gray   infrastructure   for   coastal   protection   includes  
shoreline   stabilization   using   riprap,   levee   or   seawall   construction,   drainage   improvements,   and  
building   elevation.   By   using   a   combination   of   these   methods   on   our   coast,   the   Houston-Galveston  
Area   will   be   provided   with   the   best   protection   from   future   storms.  

3.   The   Role   Texas’   Unique   Soils   Play   in   Ecosystem   Services  

In   working   to   enhance   protected/preserved   land   (nature-based   infrastructure)   from   10%   to   24%   by  
2040,   our   region’s   unique   soils   play   a   critical   role.   The   National   Resources   Conservation   Service  
(NRCS)   classifies   dominant   soil   types   for   the   8-County   region   as   Gulf   Coast   Prairie   Soils.   The   U.S.  
Dept.   of   Agriculture   (USDA)   identifies   twelve   soil   orders,   with   Texas   containing    nine   of   those  
twelve   orders   (see   below).   From   those   nine    orders,   four   major   urban   regions   of   Texas   all   contain  
either   Vertisols   or   Alfisols   as   their   dominant   soil   orders.   

Vertisols   are   very   unique   soils   and   only   occupy   less   than   3   percent   of   the   continental   land   area   on  
Earth,   mainly   in   the   Deccan   Plateau   of   India,   the   Al-Jazīrah   region   of   Africa,   eastern   Australia,  
Texas   in   the   United   States,   Paraná   basin   of   South   America,   and   Mexico/Central   America.   Estimated  
global   vertisols   soil   coverage   area   totals   300   million   hectares   (mh),   equaling   741,316,144   acres   or  
just   2.7%   of   continental   land.  

 

Illustration   18.   Chart   of   Dominant   Soil   Orders   in   Texas   with   emphasis   on   Greater   Houston   Region  
soils   (Houston   Wilderness,   2018).   

 
Soil   considerations   for   24%   by   2040   Strategy    a s   thousands   of   local   and   regional   projects  
continue   to   be   funded   to   increase   ecosystem   services,   particularly   related   to   storm-resilience,  
the   Gulf-Houston   Regional   Conservation   Plan   (RCP)   24%   by   2040   Strategy   can   be   reached   by  
preserving   and   restoring   the   region’s   nature-based   infrastructure,   including   riparian   corridors,  
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coastal   prairies   and   wetlands,   forests   and   coastal   areas   (See   Working   List   of   Projects   here:  
www.gulfhoustonrcp.org).   Knowledge   and   understanding   of   our   region's   unique   Vertisols   and  
Alfisols   can   help   guide   the   discussion   on   the   importance   of   (1)   the   need   to   "spread   out"  
protected   land   to   naturally   hold   water   necessary   to   mitigate   downstream   flooding,   (2)   create   and  
maintain   additional   detention   basins   throughout   targeted   parts   of   our   region   that   allow   for  
additional   storage   of   water   during   large   rain   events,   (3)   encourage   increased   native   plants   and  
trees   on   all   available   lands   in   our   region,   and   (4)   target   measureable   carbon   sequestration   as   a  
major   factor   in   restoration/enhancement   efforts.   Houston   Wilderness   works   with   the   8-county  
region   to   facilitate   the   Gulf-Houston   RCP   and   the   24%   by   2040   Strategy.   For   more   information,  
see    www.houstonwilderness.org .  

 
Illustration   19.   Houston   Wilderness,   Soil   Two-Pager   on   Regional   Soil   Orders,   2018  

4.   ES   Issues   in   Greater   Gulf-Houston   Region   -   Eight   County   area  

➢ Local   ES   Benefits  

Contrary   to   the   prevailing   image   of   concrete   expanses   and   glass   towers,   the   expansive   Greater  
Houston   Region   has   10   distinct   ecoregions,   including    three   major   rivers—the   Trinity,   San   Jacinto  
and   Brazos—as   well   as   over   20   major   bayous   and   creeks   that   run   like   fingers   from   west   to   east  
through   the   region   and   into   Galveston   Bay   and   the   Gulf   of   Mexico.   

Whether   standing   in   more   pedestrian   urban   settings   or   in   the   expanses   of   the   surrounding   rural  
areas,   the   forests   are   perhaps   the   most   immediate   landscape   available   to   urban   citizens   -   the   energy  
savings   afforded   to   buildings   that   enjoy   the   shade   from   neighboring   tree   canopies   and/or   the  
volume   of   airborne   pollutants—   including   carbon—removed   and   sequestered   within   a   tree’s  
biomass.   

The   once   extensive   Texas   tall   grass   prairies   have   been   reduced   to   1%   of   their   historical   range,   and  
the   loss   of   their   vast   root   systems   have   had   devastating   consequences   on   the   soil’s   ability   to   hold  
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together   and   to   capture   and   store   stormwater.   Fertilizer   use   and   pollutant   runoff   from   agriculture  
and   other   land   use   changes   further   upsets   the   necessary   water   filter   prairies   provide   to   our  
watersheds.   

For   coastal   communities   and   energy   pipelines  
(a   significant   number   of   these   are   sited   in   the  
coastal   zone   with   great   implications   for   our  
nation’s   energy   security),    wetlands   and  
estuaries   provide   a   “soft   edge”   of   vegetation  
which   attenuate   the   force   of   storm   surges   and  
high-powered   hurricane   winds.   The   types   of  
habitat   provided   by   wetl ands   are   most   u seful   to  
migratory   birds   and   commercial   fish   species.  
Additionally,   wetlands   grasses   improve   water  
quality   by   filtering   out   contaminants   and  

lowering   nutrient   loads   in   inflow   waters,   while   also   acting   as   a   carbon   sink   to   alleviate   atmospheric  
CO 2    levels.   

Below   provides   a   description   of   the   three   major   areas   in   which   the   10   ecoregions   fall:   wetlands   &  
estuaries,   coastal   prairies,   and   forests   (upland   and   riparian)   and   the   ecosystem   services   overlap   but  
are   distinct   for   each   ecological   area.  
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Illustrations   20,   21   &   22.   Three   main   types   of   ecoregions   in   Greater   Houston   Region  

➢ Impacts   on   people   and   wildlife   in   Greater   Gulf-Houston   area  

Wilderness   areas   act   as   a   buffer   against   species   loss.   Retaining   these   remaining   wilderness   areas   is  
essential.    (Di   Marco   M,   Ferrier   S,   Harwood   T,   Sept.   18   2019,   Wilderness   areas   halve   the   extinction  
risk   of   terrestrial   biodiversity,   Nature,   Vol.   573,   pgs   582-585)  

The   various   ecoregions   in   the   Houston   area   support   different   species   and   the   habitats   they   need  
within   an   intricate   food   web   of   turtles,   small   fish,   squirrels,   alligators,   bobcats   and   hawks—to   name  
just   a   few.   Such   a   food   web   gives   rise   to   high   levels   of   biodiversity   and   is   the   result   of  
well-functioning   plant   life   responding   to   proper   water   and   nutrient   levels   in   the   surrounding   habitat.  
In   this   way,   complex   biodiversity   symptomizes   overall   ecosystem   health   and   can   be   used   as   a   proxy  
indicator   of   functional   integrity.   
 
Oysters.    One   area   of   wide-spread   interest   is   the   effect   that   large   rain   events   have   on   oysters,  
particularly   after   Ike’s    damaging   impacts   to   the   oyster   population   in   2008   when   many   of   the   bay’s  
beds   were   covered   in   sediment   and   suffered   die-offs.   Oysters   are   a   commercially   important   species  
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in   Texas   with    over   6.1   million   pounds   of   meat   harvested   in   2000 .    Oyster   reefs   also   provide   shelter,  
food,   and   habitat   to    over   300   aquatic   species .   Finally,   oysters   contribute   to   the   overall   health   of   the  
bay   by   filtering   the   water   that   flows   over   them:    one   oyster   can   filter   up   to   fifty   gallons   of   water   in  
one   day ,   making   them   important   contributors   to   water   quality.   To   that   end,   Texas   Parks   and   Wildlife  
(TPWD)   is   surveying   all   kinds   of   shellfish   wi th   a   particular   interest   in   oyster   populations   and   the  
effect   that   the   massive   freshwater   inundation   from   Harvey   had   on   oyster   beds   throughout   the   bay.  
While   it   is   too   early   to   publish   even   initial   findings,   TPWD   is   committed   to   collecting   data   for  
future   analysis.  

Wildlife   along   Waterways   &   Wetlands.    The   Texas   Coastal   Watershed   Program   has   been  
collecting   data   on   stormwater   wetlands   at   places   like    Exploration   Green ,   their   floating   wetlands   in  
Pearland,   Texas,   and   the   wetland   nursery   at   the   Gulf   Coast   Bird   Observatory   in   Lake   Jackson,  
Texas.   An   understanding   of   how   large   rain   events   impact   constructed   wetlands   can   help   with   design  
and   plant   selection   in   the   future,   to   sustain   and   increase   native   wildlife.   For   example,   plants   that  
were   selected   to   tolerate   times   of   lesser   rainfall   did   not   fare   as   well   as   those   conditioned   for  
constant   moisture.   Constructed   wetlands   play   a   critical   role   in   habitat   creation   and   restoration,   so  
the   analyses   of   data   such   as   this   will   assist   with   planning   and   implementing   projects   in   the   future.  

Shorelines.    Another   restoration   techniq ue   used   in   both   large   and   small-scale   applications   is   “ living  
shorelines .”   Living   shorelines   are   erosion   control   and   habitat   restoration   techniques   that   mimic  
natural   coastal   processes.   These   are   in   c ontrast   to   the   all-too-familiar   bulkheads   –   constructed   walls  
of   concrete,   wood,   or   vinyl   –   placed   at   the   water’s   edge   to   protect   property.   While   effective   in   the  
short-   to   mid-term,   bulkheads   eliminate   any   existing   marsh   habitat,   do   not   provide   any   replacement  
habitat   value,   and   are   prone   to   structural   wear   and   failure   over   time.   

Nesting   birds.    Many   birds   use   islands   to   make   their   nests   and   raise   their   young.   These   rookery  
islands   are   generally   low-lying   and   subject   to   flooding   during   massive   rain   events   or   high   tide  
events.   Audubon   Texas   has   been   sampling   rookery   islands   in   the   bay   complex,   looking   for   damage  
that   might   prevent   birds   from   nesting   during   the   coming   season   and   thereby   potentially   impacting  
the   number   of   offspring   successfully   hatched   or   the   location   of   breeding   birds.   

■ Residential   and   corporate   changes   to   adapt   to   extreme   events  

National   news   articles   that   followed   Hurricane   Harvey   provide   a   good   synopsis   of   the   residential  
and   corporate   changes   to   adapt   to   extreme   weather   events   in   Greater   Houston:   

- Los   Angeles   Times   (Nov.   8   2017)  
https://www.latimes.com/projects/la-na-houston-harvey-home-survivors/  

- Architect   Magazine   (May   31,   2018)  
https://www.architectmagazine.com/design/houstons-post-harvey-reckoning_o  

- New   York   Times   (March   22,   2018)  
https://www.nytimes.com/interactive/2018/03/22/us/houston-harvey-flooding-reservoir.html  

■ Wildlife   changes/adaptations   as   extreme   events   continue  

The   above-described   wildlife   aspects   of   the   Greater   Houston   Region   touches   on   some   efforts   being  
expended   to   assess   damage   done   to   wildlife   habitat   by   various   large   storms,   such   as   Hurricane  
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Harvey.   It   is   heartening   to   know   that   professionals   from   many   disciplines   are   doing   what   they   can  
to   collect   data,   assess   damage,   and   publish   results   so   that   plans   can   be   made   to   restore   habitat,   and  
restore   what   is   lost   when   possible.   In   addition   to   learning   what   was   lost   in   the   storm,   it   will   be  
equally   interesting   to   understand   what   was   undamaged   or   what   will   recover   on   its   own.   By  
understanding   the   natural   processes   at   play   that   keep   ecosystems   in   balance,   we   can   better   plan  
human   activity   so   that   it   diminishes   negative   impacts   on   native   wildlife.  

Step   Three  
STEP   3   -   Establish   a   baseline   evaluation   for   measurement  

1. Identify   the   health   (quality    and   quantity)   o f   each   ecosystem   service   in   the   area   of   interest   
➢ Are   there   specific   studies   on   the   state   of   the   ES?  
➢ Are   there   Benefit   Relevant   Indicators   (BRIs)   that   can   be   determined?  

2. Determine   the   current   use   and   appreciation   of   the   ES   in   each   ecoregion   
3. Determine   the   level   (state   of)   human   well-being   associated   with   each   ES  

➢ Does   it   need   to   be   enhanced?  
➢ What   is   needed   to   maintain   a   healthy   state?   

 
Once   the   ecosystem   services   are   known   in   the   area   of   interest,   t he   next   step   for   a   decision   maker   in  
making   i nfrastructure   decisions   based   on   the   benefits   and/or   economic   value(s)   of   multiple   ES   is   to  
determine   a   baseline   of   the   measurable   benefits   of   the   ES   in   the   targeted   area.   For   example,   as  
illustrated   in   the   diagram   below,   the   ecosystem   of   a   well-functioning   river   will   likely   include  
vegetation   and   clean   upstream   water   sources   that   allow   for   the   river   to   provide   appropriate   levels   of  
nutrients   and   oxygen   allowing   for   the   proliferation   of   various   types   of   fish.    The   ES   provided   by   the  
river   include:   good   water   quality,   healthy   fish,   erosion   control,   water   absorption   and   recreational  
fishing,   among   other   possible   ES.    It   is   easy   to  
identify   use   and   appreciation   of   the   ES   in   this   river  
as   well   as    the   human   well-being   associated   with   it  
-   fishing,   recreation,   relaxation.   If   the   baseline   of  
this   same   river   included   degraded   levels   of   ES   -  
perhaps   poor   nutrient   and   oxygen   sources   and  
erosion   problems,   then   the   ES   provided   by   the  
river   would   be   significantly   reduced   and   planning  
would   need   to   be   made   on   how   to   best   improve   the  
river’s   functions   to   allow   for   ES   enhancements.   
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Illustration   23.   Before   determining   how   much   an   increase   in   ecosystem   services   (ES)   may   benefit   a  
nature-based   infrastructure   goal,   it   often   helps   to   first   determine   what   the   baseline   of   current   ES   of  
the   targeted   area   provides   to   land   use   and/or   human   well-being  

 

Similar   approaches   can   be   taken   for   decision-makers   looking   at   infrastructure   planning   at   various  
scales.   For   example,   when   looking   at   different   lines   of   protection   from   coastal   storm   (hurricane)  
surge   or   other   types   of   large   rain   events,   t he   ES   provided   by   the   various   ecoregions   along   protection  
lines   will   have   different   levels   of   ES   -   some   providing   high er    quality   than   others.   The   key   is   to  
identify   the   baseline   state   of   each   ES,   to   the   extent   possible,   then   determine   the   current   use   and  
appreciation   of   the   ES   in   each   ecoregion   and   then   determine   the   human   well-being   associated   with  
each   one.   Larger   scale   examples   of   this   process   were   performed   for   the    Houston   Resilience   Strategy  
( http://www.greenhoustontx.gov/ )   and    Houston   Stronger    Plan   ( https://houstonstronger.net/ )   and   the  
Gulf-Houston   Regional   Conservation   Plan    ( http://www.gulfhoustonrcp.org/ ).  

 

Illustration   24.    An   approach   to   integrating   green   and   gray   infrastructure   for   coastal   protection   (U.S.  
Army   Corps   of   Engineers   -   Galveston   District,   2018)  
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Houston   Chronicle,   August   2017   -   Brays   Bayou   in   three   sequential   days   during   Hurricane   Harvey  

The   Houston   region   received   more   rain   from   Hurricane   Harvey   than   any   other   American   city   has  
received   from   any   storm   in   recorded   history.   Some   areas   experienced   a   1,000–year   flood,   meaning  
there   is   a   0.1   percent   chance   of   such   a   flood   happening   in   any   given   year.   For   the   past   40   years,   the  
Gulf-Houston   Region   design   standards   have   been   calibrated   for   100-year   events.   Even   if   all   of   our  
drainage   systems   were   built   to   this   standard,   Harvey   would   have   caused   massive   flooding   across  
the   entire   area.  

 

Illustration   25.   NASA   Photo   of   sediment   days   after   Hurricane   Harvey   (September   2017)  
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Step   Four  
STEP   4   -   Consider   regional   challenges   &   opportunities   where   ES   can   be   applied  

➢ Oil   &   Gas   Capital   -   pipelines   and   plants  

Like   oil   and   gas,   wind   energy   requires   a   network   of   roads,   transmission   lines,   and   associated  
infrastructure   to   capture   and   transport   the   power.   Information   on   the   current   and   projected   impacts  
of   oil,   gas,   and   wind   energy   land-uses   on   habitat   for  
biodiversity   and   land-based   ecosystem   services   is   scarce   and  
warrants   further   investigation,   given   the   potential   of   energy  
development   to   transform   natural   and   human-dominated  
landscapes.   Understanding   the   characteristics   of   the  
landscape   that   increase   or   decrease   the   severity   of  
disturbances   will   aid   in   the   responsible   design   of   projects   at  
a   regional   scale   and   will   result   in   more   comprehensive  
impact   estimates.   This   type   of   analysis   is   relatively  
inexpensive   and   allows   investigators   to   draw   inferences   over  
a   larger   geographic   scale   and   for   a   wide   selection   of  
predictor   variables.   For   example,   aerial   imagery   can   be   used  
to   obtain   accurate   measurements   of   the   habitat   loss   and  
fragmentation   resulting   from   energy   development   across   a  
diversity   of   landscapes   (Jones   and   Pejchar,   2015).  

Illustration   26.   Total   Feet/Miles   of   utility   transmission   lines   in   the   8-County   Gulf-Houston   Region  

➢ Air   Quality   and   Urban   Heat   Island   Effect   on   Communities   in   the   Region  

Houston   has   experienced   a   significant   loss   of   tree   cover   over   the   last   few   decades.   One   study  
estimated   the   value   of   lost   tree   canopy   in   Houston   from   1972   to   1999   (Anthony   et   al.   2009)   was  
$38   million   per   year   during   that   time   period   –   resulting   in   significant   loss   of   ecoservice   benefits   to  
the   City’s   residents   and   businesses.   This   study   found   that   the   loss   of   tree   canopy   reduced   the  
amount   of   CO,   SO2,   and   O3   that   would   have   otherwise   been   removed   from   the   air.   Moreover,   there  
are   Urban   Heat   Island   areas   in   communities   around   the   City   of   Houston   and   Harris   County   and  
these   areas   tend   to   disproportionately   affect   lower   income   areas.   The   urban   forest   is   critical   to  
Greater   Houston’s   landscape   and   community/bayou/regional   stormwater   recovery   and   resilience.   
 
Planting   thousands   (1-4   million)   additional   native   tree   species   in   strategic   locations   on   both   private  
and   public   protected/preserved   lands   as   well   as   other   public/private   locations   in   the   Greater  
Houston   Region   will   increase   resilience   and   recovery   from   shocks   and   stressors   by   (1)   protecting,  
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restoring,   and   improving   the   water   and   air   quality,   water   and   carbon   absorption,   riparian   erosion  
rates   and   habitat   of   multiple   watersheds   in   the   City   of   Houston   and   its   ETJ,   and   (2)   reducing   Urban  
Heat   Islands   around   the   CoH.   

 

Illustration   27.   Particulate   Matter   2.5   levels   in   8-County   Gulf-Houston   Region  

➢ Impacts   of   Sea   Level   Rise   on   Texas   Coast  

In   2019,   the   three   locations   that   saw   the   highest   rates   of   sea   level   rise   were   all   on   the   Gulf:   Grand  
Isle,   Louisiana   at   7.93   millimeters   per   year   (mm/yr),   Rockport,   Texas   at   6.95   mm/yr   and   Galveston,  
Texas   at   6.41   mm/yr.   There   is   increasing   evidence   from   the   tide-gauge   records   that   these   higher  
sea-level   curves   need   to   be   seriously   considered   in   resilience-planning   efforts   (William   &   Mary's  
Virginia   Institute   of   Marine   Science   (VIMS),   Sea-level   report   cards:   2019   data   adds   to   trend   in  
acceleration ,    February   2020).  

 

Illustration   28.   Break   Point   in   Sea   Level   Change   along   Gulf-Houston   Coast  

➢ Funding   Responses   to   High   Risk   factors   and   areas   of   concern   in   the   region   

Harris   County   Flood   Control   District’s   post-Harvey   bond   projects   and   home   buyouts   -   On   August  
25,   2018,   Harris   County   voters   approved   $2.5   billion   in   bonds   to   finance   flood   damage   reduction  
projects   in   Harris   County.   Going   forward,   the   Harris   County   Flood   Control   District   will   prioritize,  
plan   and   build   projects   with   bond   funding   –   and   will   provide   transparent   tracking   of   progress   on  
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those   projects   along   the   way.   The   bonds   are   sold   in   increments   over   at   least   10-15   years,   as   needed  
for   multiple   projects   and   the   multiple   phases   of   each   project.   

Projects   also   are   phased   in,   as   appropriate.   The   actual   timing   of   individual   projects   depend   on   a  
variety   of   factors   including   any   needed   environmental   permitting,   right-of-way   acquisition   and  
utility   relocation.   Some  
projects   are   already   underway  
or   nearing   construction;  
others   are   still   in   very  
preliminary   stages,   or   require  
further   investigation.   Projects  
will   be   authorized  
individually   for   funding   by  
Harris   County  
Commissioners   Court,   based  
on   recommendations   by   the  
Flood   Control   District.  

Illustration   29.   Harris   County   Flood   Control   District   $2.5   Bond   Project   Interactive   Map  

Step   Five  
STEP   5   -   Create   flow   chart   of   Ecosystem   Services’   Benefits   and   Economic  
Valuations  

Ecology  ⇒⇒⇒ Ecosystem   Services       ⇒⇒⇒      Social   Benefits  

As   decision   makers   aim   to   improve   their   cities,   data   and   statistical   information   are   becoming   ever  
more   essential   to   understanding   the   current   and   future   needs   of   a   city.    In   order   for   decision   makers  
to   make   informed   choices   about   their   cities   infrastructure,   they   require   the   most   current   and  
credible   data.   This   information   enables   them   to   realize   the   multiple   factors   and   ways   their   decisions  
will   impact   their   communities.  
 
Regardless   of   the   processes   or   units   used   for   quantifying   such   values,   the   ability   to   map   them   and  
relate   them   to   the   ecosystem   services   to   which   they   are   attributed   is   necessary   for   effective  
assessments.  
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Illustration   30.   Example   of   Logic   Model   Diagram   showing   impacts   of   ecosystem   services   increases  
after   wetland   mitigation   is   performed   

Properly   integrated   NBI   can   maintain   connectivity   between   habitats,   thereby   providing   a   safe  
corridor   for   wildlife   and   otherwise   reducing   edge   effects.   

•  Flood  protection  can  use  gray  materials  to  evacuate  stormwater  runoff  into  vegetation  buffers               
or  green  reservoirs  and  can  ultimately  facilitate  stormwater  infiltration  into  the            
soil—replenishing   groundwater   reserves.   
•   Designing   for   storm   surge   protection   can   combine   riprap   and   other   “hard”   materials   with  
vegetation   buffers,   oyster   reefs,   or   tidal   marshes   to   ensure   a   robust   coastline   of   defense   against  
storm   impacts.   
•   An   artificial   wetland   can   be   built   to   improve   water   quality   while   also   attracting   birds   and  
birdwatchers.   Improvements   made   to   water   and   air   quality   can   affect   improved   health   in  
neighboring   residents.   
•   Progress   made   in   developing   green   infrastructure   is   a   positive   step   towards   creating  
environmentally   conscious   and   ecosystem   service-oriented   communities.   

 
Example :   When   native   tree   species   are   planted   in   an   area,   the   trees   begin   absorbing   organic   carbon  
from   the   air   into   the   trees   and   the   surrounding   soil   right   away,   with   increases   in   carbon  
sequestration   every   year.   So,   for   example,   (1)   If   2,000   Live   Oak   trees   are   planted   in   2020,   by   2030  
each   of   the   Live   Oak   trees   will   be   absorbing   as   much   as   268   pounds   of   carbon   each   year,   and   all  
2,000   trees   are   absorbing   536,000   lbs   each   year;   and   (2)   Those   same   2,000   Live   Oak   trees   planted  
in   2020,   by   2030   each   of   the   Live   Oak   trees   will   be   absorbing   as   much   as   2,656   gallons   of   water  
each   year,   and   all   2,000   trees   are   absorbing   5,312,000   gallons   of   water   each   year.   If   mulch   and/or  
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organic   compost   is   added   to   the   base   of   the   trees,   the   carbon   absorption   is   up   to   4   times   higher   in  
the   soils   annually.  
 

 
Large-scale   tree   planting   on   nature-based   infrastructure  
 

 
 

Illustration   31.   Regional   Native   Tree   Species   -   Targeted   ES   Rankings  

 
Using   Data   Analytics   on   Ecosystem   Services’   Economic   Valuations  
The   growing   appreciation   that   ecosystem   services   allows   for   a   better   understanding   and   interest   in  
quantifying   the   flow   of   nature’s   goods   and   services   so   that   decision-makers   can   better   evaluate  
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trade-offs   when   making   complex   decisions   that   affect   the   environment.   This   quantification   can  
come   in   many   forms   -   

1)   Fact-based   analysis   of   the   ES   provided   by   different   land   uses,   
2)   Valuation   of   those   healthy  
3)   Functioning   ES   that   provide   fresh   water   to   downstream   users,   
4)   Sequestration   of   atmospheric   carbon   dioxide,   
5)   Pollination   of   agricultural   crops   
6)   Erosion   and   flood   control  
7)    Placing   monetary   worth   on   ES   using   primary   valuation   methods   or   value   transfer  
8)   Conducting   dynamic   spatial   modeling   of   ES   flows   to   beneficiaries   (i.e.,   people)  
9)   Detailing   forest   carbon   storage   capacity   and   defining   accounting   systems  
10)   Developing   geospatial   technology   and   remote   sensing   data   to   enhance   quantification  

and   spatial   visualization   of   ES  
11)   Performing   scenario   analysis   of   ES   flows   under   alternative   conditions  

 
Case   Example:   The    Our   Great   Region   2040   Strategy   Playbook ,   facilitated   by   the  
Houston-Galveston   Area   Council   (H-GAC)   recognized   that   the   13-county   region   around   Greater  
Houston   contained   forests,   wetlands,   prairies,   water   bodies,   and   other   natural   ecosystems   that  
provide   the   region   with   a   variety   of   services,   which   could   be   quantified   in   dollars   and   cents.   In  
creating   a   Strategy   Playbook   to   increase   awareness   of   the   economic   benefits   of   environmental  
systems   as   a   tool   for   decision-makers,   they   noted:   “These   ecologically-rich   landscapes   clean   the   air,  
filter   and   cool   water,   store   and   recycle   nutrients,   conserve   and   enhance   soils,   pollinate   crops,  
regulate   climate,   sequester   carbon,   protect   areas   against   storm   and   flood   damage,   and   maintain  
water   supplies.   They   also   provide   marketable   goods   and   services,   like   forest   products,   fish,   and  
recreational   opportunities.   Many   citizens   do   not   realize   that   Our   Region’s   unique   ecosystems  

provide   valuable   services  
that   enhance   our   quality  
of   life.   Educational  
programs,   science-based  
analyses,   and   other  
initiatives   can   increase  
awareness   of   these  
benefits,   highlighting   the  
important   role   natural  
processes   play   in   our  
everyday   lives.  
Recognizing   these  
benefits   will   help  
policymakers   and   citizens  
calculate   the   full   costs   of  
their   decisions.”  
 

Illustration   32.   Using   flow   chart   and   data   analytics   to   determine   goals,   objectives,   metrics   and  
principles   for   increasing   nature-based   infrastructure   awareness  
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Step   Six  
STEP   6   -   Based   on   Goal(s)   Analysis,   determine   the   best   method(s)   to   use   in  
looking   at   ES   valuation   

The   methods   for   eliciting   the   value   of   ecosystem   services   can   be   divided   into   two   categories:  
economic   (also   known   as   dollar   based   methods)   and   non-economic   valuation.   The   former   include  
the   market   price   method,   productivity   method,   hedonic   price   method,   travel   cost   method,   damage  
cost   avoided,   replacement   cost,   substitute   cost   method,   contingent   valuation   method,   contingent  
choice   method   and   benefit   transfer   method.   

 

1. On-Site   Ecological   Function   Analysis  

An    On-Site   Ecological   Function   Analysis    goal   analysis   uses   on-site   measurements   of   the   ecosystem  
functions   in   a   particular   location   to   determine   the   value   of   the   service   they   provide.   Data   collected  
from   the   site   would   be   geared   towards   understanding   how   much   of   a   particular   service   the   natural  
ecosystem   function   provides,   so   that   the   measurements   that   are   taken   will   show   the   extent   of   the  
service   in   a   particular   ecosystem.   This   could   be   accomplished   using   a   variety   of   different   tools,  
depending   on   what   type   of   service   is   being   valued.   Once   the   capacity   of   the   ecosystem   functions  
are   known,   they   can   be   given   value   when   connected   to   existing   markets.   An   ecological   function  
analysis   can   be   combined   with   a   cost-based   study   (direct   market   price,   avoided   cost,   replacement  
cost,   or   mitigation   and   restoration   cost)   to   give   the   ecosystem’s   capacity   a   monetary   value.   For  
example,   on-site   water   absorption   studies   could   be   used   to   determine   the   capacity   of   water   that   a  
prairie   holds,   and   an   avoided   cost   study   could   then   give   an   economic   value   to   the   water   absorption  
in   terms   of   flood   damage   avoided.   

NOAA   conducted   a   study   of   blue   crab,   brown   and   white   shrimp   juvenile   production   in   various  
habitat   types   across   Galveston   Bay.   Using   On-Site   Ecological   Function   Analysis   they   concluded  
that   juvenile   production   for   all   three   species   was   highest   where   wetland   vegetation   met   open   water.  

When   it   is   not   possible   to   conduct   on-site   measurements   and   obtain   data   directly   from   the  
ecosystem   that   targeted   for   valuing,   it   may   be   possible   to   perform   a   Benefit   Transfer   analysis  
(which   is   not   covered   in   this   Primer)   or   a   Literature   Review.   In   a   benefit   transfer   analysis,   values  
for   ecosystem   functions   can   be   taken   from   studies   of   one   ecosystem   and   applied   to   a   different  
ecosystem,   which   is   likely   to   have   different   soil   and   ecological   considerations.   The   accuracy   of  
benefit   transfer   studies   depends   heavily   on   the   design   of   the   original   study   from   which   values   are  
obtained.   The   original   studies   should   be   carefully   reviewed   to   ensure   that   sound   methodology   was  
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used   throughout   the   studies,   as   a   benefit   transfer   can   amplify   any   errors   or   inaccuracies   from   an  
original   study   and   give   skewed   values.   

In   a   literature   review,   values   for   ecosystem   services   are   taken   from   many   studies   of   similar  
ecosystem   types   and   compiled   to   obtain   an   average   value   for   the   ecosystem   services   measured.  
Ecosystem   functions   depend   on   a   wide   array   of   variables   and   can   vary   drastically   from   one   location  
to   the   next.   Both   of   these   studies   carry   the   risk   of   under   or   over   valuing   the   ecosystem   services   you  
want   to   measure,   since   there   is   no   way   to   verify   the   level   of   service   being   provided   with   on-site  
measurements.   However,   benefit   transfer   and   literature   review   can   be   useful   when   a   precise   value   is  
not   necessary   or   on-site   measurements   are   not   possible.   They   can   also   be   a   good   starting   point   to  
justify   a   further   analysis   of   the   ecosystem   in   question.   

Hydrological   models   such   as   the   Soil   and   Water   Assessment   Tool   (SWAT)   or   Soil   and   Water  
Integrated   Model   (SWIM)   can   provide   valuable   outputs   simulating   streamflow,   water   quality,   and  
erosion   that   can   be   used   to   assess   the   supply   of   an   ecosystem   service.   If   a   model   has   been   created   or  
the   time   and   resources   to   build   a   model   for   your   region   are   available,   it   can   be   an   extremely   useful  
tool   in   assessing   ES.   However,   it   is   a   time   consuming   and   extensive   process   to   develop   a   reliable  
model   so   there   are   limitations   on   the   usage   of   this   method.   

Researchers   working   with   hydrological   models   have   developed   a   set   of   equations   to   calculate   five  
ES   Indices    to   quantify   the   supply   of   an   ES   (Logsdon   and   Chaubey,   2013).   The   indices   can   be   used  
for   quantifying   fresh   water   provisioning,   food   provisioning,   fuel   provisioning,   flood   regulation,   and  
erosion   regulation.   The   equations   can   be   used   with   model   outputs,   if   time   and   resources   permit  
model   development,   or   with   observed   data   if   it   is   available.   There   is   planned   work   for   utilizing  
observed   USGS   streamflow   and   water   quality   data   to   quantify   the   current   state   of   freshwater  
provisioning   and   flood   regulation   supply   in   the   Greater   Houston   Region.   
 

 

On-Site   Ecological   Function   Analysis   measures   a   specific   ecosystem's   productive   output.   This  
analysis   provides   a   baseline   inventory   for   use   in   conjunction   with   a   cost-based   or   market   price  
method.  
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2. Avoided   Cost  

There   are   several   cost-based   approaches   to   determine   the   value   of   an   ecosystem   service.   Overall,  
cost-based   approaches   determine   value   by   looking   at   the   costs   that   would   be   incurred   if   existing  
ecosystem   services   were   to   be   interrupted.   The    Avoided   Cost    method   determines   the   cost   that   would  
have   been   incurred   in   the   absence   of   the   ecosystem   service.   The   economically   valuable   service   that  
is   currently   being   provided   “for   free”   by   the   ecosystem   would   be   studied   to   determine   an  
appropriate   value   for   the   ecosystem’s   services.   For   example,   looking   at   the   cost   to   repair   damages  
that   would   have   occurred   if   stormwater   had   not   been   retained   by   a   wetland   in   a   flood   event   would  
give   a   value   for   the   stormwater   retention   that   is   provided   by   the   wetland.   The   costs   that   are   not  
incurred   are   a   reflection   of   the   value   of   the   ecosystem   service   because   they   are   direct   savings   made  
possible   by   the   ecosystem’s   function.   

New   York   City's   water   supply   was   threatened   by   agricultural   runoff   in   the   Catskill-Delaware  
watershed.   Rather   than   construct   a   water   treatment   facility   for   $6B,   they   worked   with   local  
farmers   to   conserve   108,000   ac.   of   land   as   part   of   the   Whole   Farm   Program.   The   Whole   Farm  
Program   recruited   local   buy-in   on   a   voluntary   basis   through   farmer   education   of   environmentally  
friendly   best   management   practices   and   PES   compensation.   These   practices   could   be   integrated   into  
the   farmer's   current   practices   in   an   effort   to   mutually   improve   runoff   water   quality   and   the   farmer's  
business.   In   total,   the   Whole   Farm   Program   cost   the   city   $1.5B   for   $4.5B   of   Avoided   Costs   to  
taxpayers.   

 

The   Avoided   Cost   method   uses   damages   incurred   by   neighbors   or   historical   data   to   evaluate   the  
target   ES   equal   to   the   costs   of   these   damages.   This   value   represents   savings   generated   by   ES   to  
avoid   having   to   pay   these   costs   to   damages.  

3. Replacement   Cost  

The    Replacement   Cost    method   determines   the   costs   that   would   be   incurred   in   the   replacement   of   an  
ecosystem   service   with   gray   infrastructure   to   accomplish   the   same   task.   An   analysis   of   the   current  
service   that   is   provided   (eg.   amount   of   water   that   is   naturally   filtered   or   retained,   amount   of   air  
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pollutants   that   are   removed   by   trees,   etc.)   would   be   performed   to   determine   the   extent   of   the   service  
the   ecosystem   provides   (see   ecological   function   method).   Then   the   cost   of   building   gray  
infrastructure   to   achieve   the   same   level   of   services   (e.g.   water   treatment   facility   that   filters   the   same  
amount   of   water   as   the   wetland   does   naturally)   would   be   determined   and   that   cost   would   be   used   to  
show   the   monetary   value   of   the   services   currently   provided   by   the   ecosystem.   

 

The   Replacement   Cost   method   evaluates   ES   equal   to   the   cost   of   installing   an   alternative   with  
equivalent   performance   to   the   current   infrastructure   solution.  

4. Mitigation/Restoration   Cost  

The    Mitigation/Restoration   Cost    method   looks   at   the   cost   of   getting   ecosystem   services   restored   or  
the   cost   of   mitigating   the   negative   impacts   of   their   loss.   This   method   could   use   the   cost   of   restoring  
the   ecosystem   in   the   future   in   the   event   of   the   loss   of   the   ecosystem’s   current   functions.   For  
example,   if   a   particular   wetland   that   is   providing   ecosystem   services   such   as   flood   protection   is  

being   filled,   the   cost   of   restoring   the   wetland  
at   a   later   date   to   provide   the   same   level   of  
ecosystem   functions   and   services   can  
determine   the   value   of   the   service   that   the  
ecosystem   provides.   The   other   option   with  
this   method   would   be   to   look   at   how   much   it  
would   cost   to   mitigate   the   flood   damage  
through   the   restoration   or   creation   of   an  
alternative   wetland   that   would   provide   an  
equivalent   level   of   ecosystem   services.   All   of  
the   direct   market   and   cost   based   studies  
require   some   knowledge   about   the  
ecosystem’s   capacity   to   provide   the   service,  
and   an   ecological   function   analysis   or   other  

data   collection   will   most   likely   be   the   starting   point   for   these   studies.   This   ensures   that   the  

51  



 

ecosystem   can   be   valued   accurately   based   on   the   extent   of   the   service   it   is   providing   in   the   specific  
location   targeted   by   the   study.  

5. Direct   Market   Price  

A   subset   of   cost-based   methods,   market   value   looks   at   consumer   spending   to   derive   ES   value.   The  
Direct   Market   Price    approach   looks   at   the   actual   price   of   a   commodity   derived   from   an   ecosystem  
(considered   a   provisioning   ecosystem   service   or   ecosystem   good)   in   an   existing   market   and  
determines   the   value   of   the   ecosystem   service   based   on   the   price   that   is   paid   by   consumers  
multiplied   by   the   marginal   product   of   the   service.    This   gives   the   economic   value   of   the   ecosystem  
service.   For   example,   the   pounds   of   shrimp   per   year   harvested   from   Galveston   Bay   could   be  
multiplied   by   the   price   per   pound   consumers   pay   for   them,   and   this   result   would   be   multiplied   by  
the   marginal   product   of   the   shrimp   to   give   a  
value   for   the   bay   in   terms   of   how   much  
shrimp   is   harvested   from   it   each   year.   This  
method   does   not   take   into   account   any   of   the  
other   ecosystem   services   being   provided   by  
the   ecosystem,   but   it   is   a   good   way   to   obtain   a  
partial   valuation   of   an   ecosystem   because   it  
uses   an   economically   accurate   marker.  
Sometimes   it   is   not   possible   to   value   an  
ecosystem   service   using   a   method   that   relies  
on   direct   market   ties.   Recreational   and  
aesthetic   values   can   be   determined   by   using   a  
surrogate   market   where   the   ecosystem   service  
has   indirect   ties   to   activities   like   fishing,  
birding,   leaf   peeping,   or   spring   bloom.   

6. Hedonic   Pricing  

One   method   that   uses   a   surrogate   market   is    Hedonic   Pricing ,   which   determines   the   implicit   demand  
for   an   ecosystem   service   by   looking   at   how   it   affects   a   related   market.   For   example,   a   real   estate  
market   can   be   examined   using   regression   analysis   to   determine   how   the   proximity   of   properties   to   a  
natural   forest   affects   property   values.   The   increase   in   property   value   that   is   associated   with   an  
ecosystem   gives   a   monetary   value   to   the   aesthetic   or   recreational   benefits   that   the   ecosystem  
provides,   which   otherwise   do   not   have   a   direct   place   in   the   market.   There   are   other   methods   that  
use   a   simulated   market   to   determine   ecosystem   service   values.   These   methods   primarily   use  
surveys   to   determine   how   much   value   people   place   on   ecosystem   services   by   giving   them  
hypothetical   situations   where   they   choose   dollar   amounts   for   how   much   they   would   be   willing   to  
pay   to   preserve   an   ecosystem   service   or   how   much   they   would   accept   as   compensation   if   the  
service   was   lost.   
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7. Stated   Preference   

Stated   Preference    approaches   simulate   a   market   for   ecosystem   services   through   surveys.   These  
methods   can   be   used   when   no   market   or   surrogate   market   exists   for   the   ecosystem   service.   The  
Contingent   Valuation   method   uses   questionnaires   that   ask   how   much   people   are   willing   to   pay   to  
protect   or   enhance   the   ecosystem   service,   or   how   much   they   would   be   willing   to   accept   to  
compensate   for   its   loss.   

In   some   cases,   the   best   approach   capable   of   generating   estimates   of   value   are   scientifically-based  
survey   (stated   preference)   methods.   The   most   commonly   used   stated   preference   method   is  
contingent   valuation,   in   which   respondents   are   asked   whether   they   would   be   willing   to   pay   a  
specified   amount   for   some   environmental   amenity.   By   varying   the   size   of   the   payment   amount  
across   different   respondents,   one   can   trace   out   the   demand   curve   for   the   environmental   amenity   and  
estimate   the   mean   willingness   to   pay   of   people   in   the   sample   for   that   amenity.   

Other   valuation   methods   include   the   Revealed   Preference   approaches   to   ES   valuation   which   use  
observations   of   individual   choices   in   existing   markets   that   are   related   to   the   ecosystem   service  
being   valued   similar   to   Hedonic   Pricing.   The   Travel   Cost   Method   determines   monetary   values   of  
biodiversity   and   ecosystem   services   based   on   the   amount   of   money   and   time   people   spend   on  
recreational   experiences   in   an   ecosystem.   

VI.   Frequently   Asked   Questions   

1. If   I   know   what   ES   goal   that   I   want   to   measure,   then   do   I   need   to   follow   all   the   steps?  

The   Steps   are   designed   for   as   much   or   as   little   analysis   the   Primer   user   (decision   maker)   is  
interested   in   considering   while   looking   at   ES   benefits   for   various   nature-based   infrastructure  
opportunities.  

2. Where   do   cultural   ES   fit   into   the   analysis?  

Cultural   ecosystem   services   are   the   non-material   benefits   that   people   obtain   from   ecosystems  
through   recreation,   tourism,   intellectual   development,   spiritual   enrichment,   reflection   and   creative  
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and   aesthetic   experiences.   These   ES   benefits   fit   into   all   goals   analysis   that   involve   public   access   to  
nature-based   infrastructure.  

3. How   do   you   introduce   ecosystem   services   and   green   infrastructure   alternatives   to  
decision   makers   and   municipal   leadership?  

Various   communication   sources   and   education   through   workshops/forums/presentations   that  
provide   information   and   case   studies,   such   as   this   Primer,   are   good   ways   to   inform   leaders   on   ES  
benefits   and   goals   analysis.  

4. Are   there   market   trends   that   are   associated   with   the   incorporation   of   ecosystem  
services   into   infrastructure   decisions?   

There   are   a   growing   number   of   market   trends   associated   with   ES   improvements   in   nature-based  
infrastructure   decision-making.   The   GreenBiz   article,    The   market   for   payment   for   ecosystems  
services   is   growing   up ,   b y    Anne   Thiel ,    Friday,   June   15,   2018   provides   a   good   synopsis   of   current  
market   trends:    https://www.greenbiz.com/article/market-payment-ecosystems-services-growing  
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APPENDIX   A  

The    tables   below   show   the   overall   structure   of   CICES   V5.1   for   the   upper   three  
tiers   in   the   part   of   the   classification   that   covers    biotic   and   abiotic   ecosystem  
outputs    (i.e.   those   dependent   on   living   organisms):  

 

 

 

https://cices.eu/cices-structure/  
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The   table   below   illustrates   the   recent   updates   to   the   Ecosystem   Services   Capital   Asset  
Classification   System   that   streamlines   existing   ES   classification   approaches   to   create   a   system   that  
is   practical   for   decision   makers   across   public   and   private   sectors.   Leach   K,   Grigg   A,   O’Connor   B,  
April   2019,   Common   framework   of   natural   capital   assets   for   use   in   public   and   private   sector  
decision   making,   Ecosystem   Services,   Vol.   36,   100899,  
https://www.sciencedirect.com/science/article/pii/S221204161730815X .   
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