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Natu re  Towns  a re  compac t  commun i t i es  su r rounded  by  l ush  g reenbe l t s .  The
towns  a re  dense  enough  fo r  mos t  amen i t i es  to  be  access ib le  by  wa lk ing  wh i l e
accommoda t ing  up  to  2 ,880  peop le  i n  1 ,280  househo lds ,  as  we l l  as  200  l i ve -
work  re ta i l  bu i l d ings .  Mos t  o f  t he  g reenbe l t  a rea  a round  the  towns  opera te  as
an  ag r i cu l tu ra l  f a rm tha t  p rov ides  sus tenance  and  revenue  to  the  l oca l
commun i t y .  These  regenera t i ve  fa rms  a re  a l so  expec ted  to  p rov ide  o the r
env i ronmen ta l  bene f i t s  such  as  ca rbon  seques t ra t i on  and  po l l i na t i on ,  as  we l l
as  i n f i l t r a te  s to rmwate r  f rom ra in fa l l  even ts  the reby  reduc ing  po l l u tan t  l oads  i n
runo f f  wa te r .  Na tu re  Towns  a ims  to  ho l i s t i ca l l y  i n teg ra te  commun i t i es  w i th
g reen  in f ras t ruc tu re  by  p romot ing  regenera t i ve  l i f es ty les  w i th  improved  hea l th
ou tcomes ,  commun i t y  cohes ion ,  and  ove ra l l  sus ta inab le  l i v i ng .  Th is  repo r t
ou t l i nes  the  economic  ana lys i s  and  me thods  used  to  conduc t  and  eva lua te  the
bene f i t s  and  cos ts  o f  Na tu re  Towns  p ro jec t  des ign  a long  the  l ens  o f  t he  t r i p le
bo t tom l i ne  –  rep resen t ing  the  f i nanc ia l ,  soc ia l ,  and  env i ronmen ta l  impac ts
us ing  the  Au tocase  so f tware  a long  w i th  bespoke  economic  mode ls  deve loped
by  Au tocase  economis ts .

Th is  enhanced  bus iness  case  ana lys i s  takes  a  comb ina t i on  o f  Au tocase
so f tware  ana ly t i cs  and  cus tom exogenous  mode ls  to  eva lua te  the  l ong - te rm
cos ts  and  bene f i t s  o f  Na tu re  Towns  as  compared  to  a  t yp i ca l / conven t iona l
res iden t ia l  deve lopmen t  on  the  same s i ze  p roper t y ,  where  the  Na tu re  Towns
deve lopmen t  has  g rea te r  dens i t y ,  m ixed -use  p roper t y  t ypes ,  on -s i t e  amen i t i es ,
food  p roduc t i on ,  and  va r ious  sus ta inab i l i t y  e lemen ts  reduc ing  energy  and
wate r  consumpt ion ,  i nc reas ing  rec rea t i ona l  oppor tun i t i es ,  wa lkab i l i t y ,
commun i t y  cohes ion ,  commun i t y  hea l th ,  and  ove ra l l  improved  communa l
l i f es ty les .  T r i p le  Bo t tom L ine  -  Cos t  Bene f i t  Ana lys i s  (TBL-CBA)  i s  a
sys temat i c  ev idence-based  economic  bus iness  case  f ramework  tha t  uses  bes t
p rac t i ce  L i fe  Cyc le  Cos t  Ana lys i s  (LCCA)  and  Cos t  Bene f i t  Ana lys i s  (CBA)
techn iques  to  quan t i f y  and  a t t r i bu te  mone ta ry  va lues  to  the  T r ip le  Bo t tom L ine
(TBL)  impac ts  resu l t i ng  f rom an  inves tmen t .  TBL-CBA expands  the  t rad i t i ona l
f i nanc ia l  repo r t i ng  f ramework  ( such  as  cap i ta l ,  and  opera t i ons  and
ma in tenance  cos ts )  t o  accoun t  fo r  soc ia l  and  env i ronmen ta l  pe r fo rmance .  Bo th
bene f i t s  and  cos ts  a re  exp ressed  in  mone ta ry  un i t s ,  d i scoun ted  to  ne t  p resen t
va lue  (NPV)  te rms ,  wh ich  a l l ows  fo r  an  eva lua t i on  o f  d i f f e ren t  a l t e rna t i ves  w i th
a  va r ie t y  o f  a t t r i bu tes  us ing  a  common measure .  

The  p r imary  i nves tmen ts  ana lyzed  in  th i s  repo r t  a re  bu i l d ing  spec i f i c  f ea tu res
such  energy  e f f i c i ency  measures ,  renewab le  ene rgy  p roduc t i on  on  s i t e ,  and
improved  worke r  occupan t  we l l -be ing  f rom access  to  qua l i t y  v iews  w i th
vege ta t i on .  W i th  Na tu re  Towns ’  f ocus  on  g reen  in f ras t ruc tu re ,  t he re  a re  o the r
co -bene f i t s  ana lyzed  such  as  annua l  revenue  f rom fa rms ,  rec rea t i ona l
oppor tun i t i es ,  and  g reen  space  access  tha t  bene f i t  t he  commun i t y  and
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env i ronmen t ,  p rov id ing  oppor tun i t i es  fo r  ca rbon  seques t ra t i on ,  po l l i na t i on ,
runo f f  wa te r  cap tu re ,  and  ove ra l l  a  l ower  amb ien t  su r round ing  tempera tu re .
Na tu re  Towns ’  l ayou t  and  des ign  a l so  i nc reases  the  commun i t y ’ s  wa lkab i l i t y  t o
mos t  necessa ry  amen i t i es ,  t he reby  reduc ing  dependenc ies  on  p r i va te  veh ic les
fo r  t ranspor ta t i on .  

The  TBL-CBA impac ts  f rom Na tu re  Towns  innova t i ve  des ign  a re  de ta i l ed  i n
Tab le  1 .  The  p ro jec t  pa ramete rs  fo r  t h i s  ana lys i s  assume an  opera t i ng  ho r i zon
o f  40  yea rs  fo l l ow ing  a  cons t ruc t i on  pe r iod  f rom 2021  to  2027 ,  thus  cap tu r ing
impac ts  f rom 2028  to  2068 .  Th is  ana lys i s  a l so  assumes  a  p ro jec t  d i scoun t  ra te
o f  3%.

i n t r o d u c t i o n
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The  TBL-NPV assoc ia ted  w i th  the  subse t  o f  i nves tmen ts  made  by  Na tu re
Towns  i s  es t ima ted  to  be  a t  $856  m i l l i on  ove r  the  40 -yea r  s tudy  pe r iod .  The
ma in  d r i ve r  o f  t he  resu l t s  s tem f rom soc ia l  impac ts ,  acc ru ing  to  the  Na tu re
Towns  commun i t y  a t - l a rge .  Soc ia l  bene f i t s  accoun t  fo r  nea r l y  70% o f  t he  to ta l
TBL-NPV resu l t s ,  f o l l owed  by  pos i t i ve  e f fec ts  i n  bo th  env i ronmen ta l  and
f inanc ia l  ca tego r ies .  Th i s  p ro jec t  shows  s ign i f i can t  soc ia l  and  env i ronmen ta l
impac ts ,  t he reby  showcas ing  a  bus iness  case  fo r  Na tu re  Towns  tha t  ex tends
beyond  f i nanc ia l  imp l i ca t i ons .  The  p ro jec t  a l so  genera tes  subs tan t i a l  soc ia l
and  env i ronmen ta l  bene f i t s  acc rued  f rom reduced  veh ic le  m i les  t rave l l ed  by
commun i t y  members  f rom inc reased  access ib i l i t y  o f  amen i t i es  a t t r i bu ted  to  the
innova t i ve  town  layou t  cen te red  a round  commun i t y  we l l -be ing  and  na tu re .

t b l - c b a  r E S U L T S

Tab le  2  (be low)  p rov ides  a  de ta i l ed  b reakdown o f  t he  numerous  impac ts
ana lyzed  in  th i s  repo r t  a long  w i th  the i r  respec t i ve  ca tegory ,  and  mone t i zed
impac t  i n  cu r ren t  do l l a rs .  F igu re  2  demons t ra tes  the  b reakdown o f  NPVs  f rom
each  o f  t he  impac ts  us ing  a  wa te r fa l l  cha r t  t o  the  show the  cumu la t i ve  ne t
p resen t  va lue .  I n  the  con tex t  o f  t h i s  ana lys i s ,  i t  i s  assumed  tha t  a l l  r es iden ts
w i th in  the  Na tu re  Towns  commun i t y  a re  expec ted  to  bene f i t  f r om the
sus ta inab le  des igns ,  t he reby  es t ima t ing  the  bene f i c ia r i es  a t  2 ,880  ind i v idua ls
(1 ,280  househo lds ) .  
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Th is  ana lys i s  cons ide rs  a  se t  o f  g reen  in f ras t ruc tu re  i nves tmen ts  made  by
Na tu re  Towns  to  p romote  sus ta inab le  l i v i ng  i n  Aus t i n ,  Texas .  The  ana lys i s
re f l ec ts  i nves tmen t  impac ts  o f  c rea t i ng  a  commun i t y  where  da i l y  and
rec rea t i ona l  amen i t i es  a re  w i th in  wa lk ing  d i s tance ,  p roper t i es  a re  powered  by
e f f i c i en t  and  renewab le  sou rces  o f  ene rgy ,  t he re  i s  add i t i ona l  u rban
agr i cu l tu re  and  g reen  space ,  as  we l l  as  measures  fo r  e f f i c i en t  was te
management .  The  la rges t  bene f i t s  o f  t h i s  TBL-CBA a re  sou rced  f rom the
improved  wa lkab i l i t y  w i th in  the  town ,  genera t i ng  a  NPV o f  $500  m i l l i on .  Such
impac ts  a re  de r i ved  f rom reduced  acc iden t  r i sk ,  reduced  p r i va te  veh ic le
opera t i ons ,  reduced  commute r  t ime ,  reduced  road  ma in tenance ,  and  reduced
no ise  and  po l l u tan t  em iss ions .  Th is  resu l t  i s  d r i ven  by  the  i nc remen ta l
assumpt ion  tha t  each  househo ld  w i th in  Na tu re  Towns  i s  expec ted  to  o f f se t
25 ,400  m i les  pe r  house  pe r  yea r  o f  p r i va te  veh ic le  use  i n  favo r  o f  wa lk ing  and
v i r tua l  v ideo  con fe renc ing .  I t  i s  expec ted  tha t  t he  des ign  scenar io  w i l l  i nc lude
the  usage  o f  one  e lec t r i c  ca r  pe r  fam i l y  tha t  i s  expec ted  to  con t r i bu te  12 ,000
mi les  pe r  yea r .  Th i s  reduc t i on  veh ic le  m i les  a re  a t t r i bu ted  to  the  assumpt ion
tha t  wa lkab i l i t y  i n  Na tu re  Towns  i s  expec ted  to  reduce  dependency  on  p r i va te
veh ic les  f rom 3  to  1  pe r  househo ld .  An  add i t i ona l  8 ,000  m i les  a re  expec ted  to
be  o f f se t  f rom the  moda l  sh i f t  i n  favo r  o f  pub l i c  t rans i t  ava i l ab le  to  r i de rs  i n
the  commun i t y .  Ac ross  1 ,280  househo lds ,  Na tu re  Towns  a re  expec ted  to  o f f se t
47  m i l l i on  veh ic le  m i les  pe r  yea r .  Tab le  3  shows  the  reduc t i on  i n  a i r  po l l u tan ts
pe r  yea r  by  reduc ing  the  veh ic le  m i les  t rave l l ed  by  p r i va te  househo lds .

Inves t i ng  i n  renewab le  ene rgy  ons i te  i s  a l so  expec ted  to  genera te  s ign i f i can t
bene f i t s  t o  the  commun i t y  i n  te rms  o f  f i nanc ia l  sav ings ,  reduced  env i ronmen ta l
damages  f rom reduced  po l l u tan t  em iss ions ,  and  revenues  f rom energy  so ld
back  to  the  u t i l i t y  g r i d .  I n  agg rega te  ene rgy  sav ings  a re  expec ted  to  genera te
to ta l  f i nanc ia l  and  env i ronmen ta l  bene f i t s  o f  $116  m i l l i on .  Revenues  f rom fa rm
produce  tha t  a re  expec ted  to  be  so ld  i n  the  marke t  a re  no t  i nc luded  in  th i s
ana lys i s .  
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Ex tens i ve  i nves tmen ts  i n to  g reen  space  a re  expec ted  to  genera te  a  va r ie t y  o f
rec rea t i ona l  oppor tun i t i es  fo r  t he  commun i t y  tha t  a re  eas i l y  access ib le  ac ross
the  Towns  as  compared  to  sca rce  amen i t i es  i n  the  base  case  des ign
a l te rna t i ve ,  t he reby  genera t i ng  a  ne t  p resen t  va lue  o f  $39 .5  m i l l i on .  Bes ides
subs tan t i a l  impac ts  i n  above  ca tegor ies ,  t he  s i t e  i s  a l so  expec ted  to  genera te
soc ia l  and  env i ronmen ta l  impac ts  f rom g reen  space  ava i l ab i l i t y .  Vege ta t i ve
spaces  a re  expec ted  to  have  s ign i f i can t  po l l u tan t  seques te r ing  capac i t y  as
compared  to  ha rdscapes .  The  s i t e  i s  expec ted  to  seques te r  60 ,000  tonnes  o f
ca rbon  ove r  40  yea rs .  Add i t i ona l l y ,  t he  g reen  spaces  a re  expec ted  to  cap tu re
runo f f  s to rmwate r  f rom inc reased  in f i l t r a t i on  capac i t y  o f  t he  so i l  i n  the  des ign
case  as  compared  to  the  base l i ne .  Tab le  4  shows  the  ave rage  annua l  po l l u tan t
l oads  cap tu red  by  g reen  space  land  cove rs .

Bes ides  seques te r ing  ca rbon  and  cap tu r ing  wa te r ,  vege ta t i ve  spaces  a re  a l so
expec ted  to  genera te  env i ronmen ta l  bene f i t s  by  c rea t i ng  oppor tun i t i es  fo r
i nsec t  po l l i na t i on .  These  a re  expec ted  to  genera te  an  annua l  bene f i t  o f
$60 ,000  ac ross  191  ac res  o f  i nc remen ta l  g reen  space  added  be tween  the
des ign  and  base l i ne .  Green  spaces  a re  a l so  respons ib le  fo r  reduc ing  amb ien t
tempera tu re ,  t he reby  hea t  i s l and  impac ts  such  as  reduc ing  the  r i sk  o f  hea t -
s t ress  re la ted  mor ta l i t y .  Reduc t ions  i n  Urban  Hea t  I s land  (UHI )  i s  expec ted  to
genera te  bene f i t s  t o  the  commun i t y ,  mone t i zed  a t  a  to ta l  o f  $2 .2  m i l l i on  ac ross
40  yea rs .  

The  LCCA fo r  t he  p ro jec t  a l so  shows  a  ne t  pos i t i ve  NPV ove r  the  p ro jec t  l i f e
cyc le  f rom ins ta l l a t i on  more  cos t -e f fec t i ve  l andcovers  i n  the  des ign  ove r
t rad i t i ona l  l andscapes .  Cap i ta l  expend i tu res  i n  the  des ign  case  a re  expec ted
to  be  l ower  than  the  base l i ne ,  as  ha rdscapes  such  as  aspha l t  and  conc re te  a re
more  expens ive  up f ron t  and  requ i re  cos t l y  rep lacemen ts  ove r  the i r  use fu l
l i ves ;  bo th  o f  wh ich  can  be  m i t i ga ted  th rough  g reen  in f ras t ruc tu re .  Over  the
p ro jec t  l i f e  cyc le ,  t he  opera t i ons  and  ma in tenance  o f  g reen  in f ras t ruc tu re  i s
expec ted  to  ou twe igh  tha t  o f  ha rdscapes ,  t he reby  genera t i ng  a  nega t i ve  ne t
p resen t  va lue  a t  -$3  m i l l i on ,  re f l ec t i ng  the  g rea te r  ne t  cos ts  o f  regu la r l y
ma in ta in ing  g reen  landscapes  ove r  imperv ious  su r faces .  Add i t i ona l l y ,  s ince
the  g reen  in f ras t ruc tu re  has  l ower  cap i ta l  cos ts  as  compared  to  g rey
in f ras t ruc tu re ,  a t  t he  end  o f  t he  asse t  l i f e ,  t he  Na tu re  Towns  scenar io  a l so
genera tes  a  l ower  res idua l  va lue ,  t he reby  g i v ing  a  nega t i ve  p resen t  va lue .  
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However ,  t he  LCCA (exc lud ing  u t i l i t y  cos t  sav ings )  as  a  who le  i s  expec ted  to
genera te  a  pos i t i ve  NPV a t  $42 .6  m i l l i on  de r i ved  f rom avo ided  up f ron t  cap i ta l
and  rep lacemen t  re la ted  expend i tu res .
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LCCA eva lua tes  the  to ta l  cos t  o f  ownersh ip  ove r  the  l i f e  o f  a  p ro jec t  t o
compare  the  cos t -e f fec t i veness  o f  sus ta inab le  des ign  op t i ons  ove r  tha t  o f
conven t iona l  p rac t i ces .  I t  i s  usua l l y  conduc ted  i n  the  ea r l y  des ign  phase  o f  a
p ro jec t ,  as  i t  o f fe rs  an  oppor tun i t y  to  op t im ize  des igns  to  reduce  l i f e  cyc le
cos ts .  A  comprehens ive  l i s t  o f  cos t  da ta  used ,  and  assumpt ions  a re  l i s ted  i n
Tab le  6  LCCA cons ide rs  a l l  up f ron t ,  ma in tenance ,  and  rep lacemen t  cos ts ,  as
we l l  as  any  res idua l  va lue  o f  t he  p ro jec t ’ s  asse ts  rema in ing  a t  t he  end  o f  t he
ana lys i s  du ra t i on ,  and  exp la ined  in  fu r the r  de ta i l  i n  t he  sec t i ons  be low.

Cap i ta l  Expend i tu res

Upf ron t  cap i ta l  cos ts  a re  the  i n i t i a l  cos ts  i ncu r red  du r ing  the  cons t ruc t i on
per iod .  Cos t  i t ems  can  inc lude  the  pu rchase  o f  asse ts ,  sys tems ,  and  any  o the r
mate r ia l s  du r ing  cons t ruc t i on ,  i nc lud ing  l abo r  cos ts  fo r  i ns ta l l a t i on .  Up f ron t
cap i ta l  cos ts  i n  each  des ign  case  a re  compared  to  the  base  case .  Pos i t i ve
inc remen ta l  up f ron t  cap i ta l  cos t  i n  the  resu l t s  imp l i es  tha t  t he  des ign  was  less
cos t l y  than  the  base  case .  Fo r  th i s  p ro jec t ,  cap i ta l  cos ts  p rov ided  by  the
p ro jec t  t eam a re  supp lemen ted  w i th  Au tocase  es t ima tes  f rom bes t  ava i l ab le
research .

Rep lacemen t  Cos t

Rep lacemen t  cos ts  re fe r  t o  the  cos ts  requ i red  to  rep lace  an  asse t  o r  p iece  o f
i n f ras t ruc tu re  a f te r  i t s  use fu l  l i f e  i f  t he  s tudy  pe r iod  o f  t he  p ro jec t  i s  expec ted
to  exceed  the  use fu l  l i f e  o f  asse ts .  An  asse t  may  be  rep laced  mu l t i p le  t imes
over  the  s tudy  pe r iod .  The  rep lacemen t  cos t  may  cos t  more ,  l ess ,  o r  t he  same
as  the  up f ron t  cap i ta l  cos ts  o f  t he  asse t ,  t h i s  i s  es t ima ted  by  Au tocase  us ing
the  bes t  ava i l ab le  gu idance  on  componen ts  o f  g reen  and  g rey  i n f ras t ruc tu re
tha t  wou ld  need  to  be  rep laces  a t  t he  end  o f  t he  asse t ’ s  use fu l  l i f e .

Opera t i ons  &  Ma in tenance

Non-u t i l i t y  ope ra t i ons  and  ma in tenance  (O&M)  cos ts  i nc lude  a l l  cos ts
assoc ia ted  w i th  ope ra t i ng ,  repa i r i ng ,  upg rad ing  and /o r  recommiss ion ing
inves tmen ts  ove r  the  cou rse  o f  an  i nves tmen t ’ s  use fu l  l i f e  bu t  exc lude  any
cos ts  f rom u t i l i t i es .  These  cos ts  i nc lude  p reven ta t i ve  measures  and
an t i c ipa ted  repa i r s  to  ex tend  the  use fu l  l i f e  o f  ma te r ia l s  and  equ ipmen t .
Annua l  O&M cos ts  a re  i ncu r red  each  yea r  du r ing  the  l i f e  o f  t he  bu i l d ing  (o r
s tudy  pe r iod )  and  may  esca la te  i f  r ea l  cos ts  i nc rease  ove r  the  s tudy  pe r iod .
Esca la t i on  ra tes  a re  cap tu re  g rowth  beyond  genera l  i n f l a t i on  ( i . e . ,  cos ts
inc rease  eve ry  yea r  by  the  ra te  o f  i n f l a t i on ;  t hese  cos t  i nc reases  shou ld  no t  be
inc luded) .  Th i s  ana lys i s  uses  opera t i ons  and  ma in tenance  cos t  es t ima tes  

l i f e  c y c l e  c o s t  a n a l y s i s  ( L C C A )
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ava i l ab le  f rom the  p ro jec t  t eam,  as  we l l  as  those  supp lemen ted  by  Au tocase
research .

Res idua l  Va lue

The  res idua l  va lue  o f  an  asse t  o r  i nves tmen t  re fe rs  to  the  f i nanc ia l  bene f i t
a r i s i ng  a t  t he  end  o f  t he  l i f e  o f  a  bu i l d ing  o r  s tudy  pe r iod ,  f o r  any  asse ts  w i th
a  rema in ing  use fu l  l i f e .  Au tocase  ca l cu la tes  res idua l  va lues  us ing  s t ra igh t - l i ne
deprec ia t i on .
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F inanc ia l  Sav ings  f rom Ut i l i t y  Sav ings

Lower  dependency  on  energy  i n  the  des ign  case  genera tes  f i nanc ia l  bene f i t s
due  to  cos t  sav ings .  The  base l i ne  i s  expec ted  to  have  an  e lec t r i c i t y
consumpt ion  o f  11 ,484 ,000  kWh pe r  yea r .  I n  the  des ign  case ,  t he  s i t e  i s
expec ted  use  an  add i t i ona l  5 .17  m i l l i on  kWh pe r  yea r  f rom e lec t r i c  veh ic le  fue l
consumpt ion .  I t  i s  a l so  expec ted  to  genera te  20 ,294  MWh o f  ene rgy  ons i te
wh ich  i s  expec ted  to  o f f se t  e lec t r i c i t y  consumpt ion  ons i te  by  ove r  t ime ,  wh i l e
a l so  accoun t ing  fo r  an  annua l  deg rada t ion  o f  equ ipmen t  a t  0 .18% per  yea r
th roughou t  the  s tudy  pe r iod .  Au tocase  es t ima tes  the  f i nanc ia l  sav ings  f rom
avo ided  dependency  on  u t i l i t y -based  e lec t r i c i t y  us ing  l oca l  u t i l i t y  p r i ces  f rom
the  Energy  In fo rma t ion  Admin i s t ra t i on  (E IA ,  2019b)  fo r  Aus t i n ,  Texas .
Au tocase  fo recas ts  ene rgy  p r i ces  f rom the  U .S .  Energy  In fo rma t ion
Admin i s t ra t i on  (E IA ,  2019b) .  The  E IA  p rov ides  energy  p r i ce  fo recas ts  up  to  the
year  2050  ac ross  a  va r ie t y  o f  h igh  and  low  macroeconomic  cond i t i ons  such  as
f l uc tua t i ng  o i l  p r i ces ,  economic  g rowth ,  and  techno log i ca l  p rog ress .

Renewab le  Energy  Revenue

On-s i te  renewab le  ene rgy  p roduc t i on  may  no t  on l y  be  used  on -s i te ,  bu t  a l so
so ld  to  the  g r id .  The  revenue  rece ived  f rom se l l i ng  renewab le  ene rgy  i s
ca l cu la ted  a  who lesa le  es t ima te  o f  0 .03  $ /kWh p rov ided  by  the  p ro jec t  t eam.  

e n e r g y  e f f i c i e n c y  &  r e n e w a b l e  e n e r g y
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Reduc t ion  f rom Energy  Sav ings

Reduc ing  e lec t r i c i t y  and  na tu ra l  gas  consumpt ion  f rom the  g r id  ( i n  the  des ign
case  compared  to  the  base  case )  genera tes  env i ronmen ta l  bene f i t s  f rom
reduced  ca rbon  and  a i r  po l l u t i on  be ing  emi t ted .  Fo r  each  un i t  o f  ene rgy
p roduced  and  used ,  ca rbon  and  a i r  po l l u t i on  emiss ions  a re  re leased  in to  the
a tmosphere ,  quan t i f i ed  us ing  emiss ion  fac to rs .  The  soc ia l  bene f i t  f r om
reduc ing  a i r  po l l u t i on  emiss ions  i s  mone t i zed  by  app ly ing  the  soc ia l  cos t  o f
ca rbon  and  each  a i r  po l l u tan t  t o  the  respec t i ve  amoun t  o f  t ha t  a i r  po l l u tan t
reduced .  Au tocase  ca l cu la tes  the  env i ronmen ta l  bene f i t  f o r  t he  fo l l ow ing  a i r
po l l u tan ts :  CO2e ,  NOx  ,  SO2,  PM2.5  ,  and  VOC.  Non-base load ,  l oca t i on -
spec i f i c  em iss ion  fac to rs  pe r  un i t  o f  e lec t r i c i t y  a re  ga the red  f rom Na t iona l
Emiss ions  Inven to ry  i n  the  U .S  (EPA,  2014)  and  eGRID (EPA,  2020c ) .
Emiss ion  fac to rs  fo r  na tu ra l  gas  combus t ion  fo r  U .S .  a re  ga the red  f rom the
Un i ted  S ta tes  Env i ronmen ta l  P ro tec t i on  Agency  (1998) .  Emiss ion  fac to rs  and
soc ia l  va lues  fo r  each  po l l u tan t  have  been  l i s ted  i n  the  Inpu ts  and  Da ta
sec t i on .  

Soc ia l  Va lue  o f  Carbon

The  env i ronmen ta l  bene f i t  o f  reduced  GHGs i s  mone t i zed  by  app ly ing  the
soc ia l  cos t  o f  ca rbon  to  the  amoun t  o f  ca rbon  d iox ide  equ iva len t  em iss ions
reduced .  The  soc ia l  cos t  o f  ca rbon  i s  es t ima ted  a t  $51 .94  /  me t r i c  t on  i n  the
U.S  i s  taken  f rom the  Governmen t ’ s  In te ragency  Work ing  Group  on  the  Soc ia l
Cos t  o f  Carbon  (2016) .  The  soc ia l  cos t  o f  ca rbon  i s  a  conse rva t i ve  es t ima te  o f
the  nega t i ve  e f fec ts  o f  c l ima te  change .  The  cos t  o f  ca rbon  po l l u t i on  i s  an
es t ima te  o f  t he  damages  -  o f  t he  economic  cos t  o f  t he  hea l th ,  ag r i cu l tu ra l
l osses ,  p roper t y  f l ood ing  and  the  va lue  o f  ecosys tem se rv i ces .  The  es t ima tes ,
and  the re  a re  many  es t ima tes ,  a re  conserva t i ve  because  they  do  no t  ye t
cap tu re  a l l  t he  i den t i f i ed  impac ts  o f  r i s i ng  l eve l s  o f  CO2 in  the  a tmosphere .

Soc ia l  Va lue  o f  C r i t e r i a  A i r  Con taminan ts

Autocase  uses  soc ia l  va lues  fo r  c r i t e r i a  a i r  con taminan t  (CACs)  to  mone t i ze
the  impac ts  o f  changes  in  ou tdoor  a i r  po l l u tan t  quan t i t i es  de r i ved  f rom
changes  in  ope ra t i ona l  ene rgy  use .  Au tocase  uses  fede ra l  gu idance  f rom the
Env i ronmen t  P ro tec t i on  Agency  (EPA) ,  Federa l  Av ia t i on  Admin i s t ra t i on  (FAA) ,
Na t iona l  Env i ronmen ta l  Po l i cy  Ac t  (NEPA) ,  Ex te rnE ,  Wor ld  Hea l th  Organ iza t i on
(WHO)  A i r  Qua l i t y  Gu ide l i nes ,  and  fede ra l ,  reg iona l  depar tmen ts  o f
t ranspor ta t i on  to  assess  the  po l l u tan ts  o f  i n te res t .

C A R B O N  A N D  C R I T E R I A  A I R  C O N T A M I N A N T
E M I S S I O N
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NOx
SO2
PM2.5
VOCs

The  po l l u tan ts  ana lyzed  by  Au tocase  a re :  

Au tocase  uses  the  fo l l ow ing  sou rces  to  bu i l d  a  l oca t i on  spec i f i c  va lua t i on  o f
CAC emiss ions :  Es t ima t ing  A i r  Po l l u t i on  Soc ia l  Impac t  Us ing  Regress ion
(EASIUR)  (2015) ,  EPA (2012) ,  Mu l l e r  e t  a l .  (2007) ,  Rab l  &  Spadaro  (2000) ,
RWDI  (2005) ,  Sawyer  e t  a l .  (2007) ,  T ranspor ta t i on  Research  Board  (2002) ,
U .S .  Depar tmen t  o f  T ranspor ta t i on  (2017) ,  V i c to r i a  T ranspor t  Po l i cy  Ins t i t u te
(VTPI )  (2011)  and  Wang  e t  a l .  (1994) .  Each  o f  t hese  sou rces  va lue  reduced
emiss ions  on  fou r  key  f ron ts :  hea l th ,  eco logy ,  v i s ib i l i t y ,  and  the  bu i l t
env i ronmen t .  Hea l th  ou tcomes  may  be  d i v ided  in to  mor ta l i t y  ( l oss  o f  l i f e )  and
morb id i t y  (nega t i ve  qua l i t y  o f  l i f e  due  to  d i seases  o r  i l l ness ) .  

EASIUR i s  a  reg ress ion  too l  used  by  Au tocase  tha t  s imu la tes  l oca t i on -spec i f i c
pub l i c  hea l th  cos ts  pe r  g r i d ,  where  each  g r id  cove rs  36x36  square  k i l omete rs .
Pub l i c  hea l th  cos ts  by  EASIUR a re  ca l cu la ted  i n  te rms  o f  a  change  in  mor ta l i t y
ra te  and  yea rs  o f  l i f e  l os t  (YOLL)  pe r  dea th ,  mone t i zed  us ing  a  Va lue  o f
S ta t i s t i ca l  L i f e  (VSL) .  The  o the r  sou rces  desc r ibed  above ,  spec i f i ca l l y  U .S .
Depar tmen t  o f  T ranspor ta t i on ,  VTPI ,  EPA ex tend  the  ana lys i s  to  i nc lude  o the r
human  hea l th  impac ts  such  as  ch ron ic  b ronch i t i s ,  emergency  room v i s i t s ,
l ower  and  upper  resp i ra to ry  symptoms ,  and  res t r i c ted  ac t i v i t y  days ) .  These
hea l th  impac ts  a re  mone t i zed  us ing  a  comb ina t i on  o f  avo ided  damage-cos ts
and  a  w i l l i ngness  to  pay  (WTP)  to  avo id  nega t i ve  hea l th  ou tcomes .
Add i t i ona l l y ,  o the r  impac ts  a l so  accoun ted  fo r  a re  changes  in  c rop  y ie lds ,
changes  in  v i s ib i l i t y ,  and  s t ruc tu ra l  damage .  Fo r  i ns tance ,  Sawyer  e t  a l .
(2007)  uses  Env i ronmen t  Canada ’s  V is ib i l i t y  Impac ts  Es t ima to r  o f  We l fa re
(V IEW)  mode l  t o  mone t i ze  marg ina l  changes  in  v i s ib i l i t y  a t t r i bu tab le  to
inc reased  pa r t i cu la te  ma t te r  em iss ions .

C A R B O N  A N D  C R I T E R I A  A I R  C O N T A M I N A N T
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A key  fea tu re  o f  t he  Na tu re  Towns  des ign  l ayou t  i s  t he  improved  wa lkab i l i t y  t o
amen i t i es  w i th in  the  commun i t y .  Us ing  assumpt ions  p rov ided  by  the  p ro jec t
team,  i t  i s  assumed  tha t  Na tu re  Towns  w i l l  s imu la te  a  moda l  sh i f t  i n  p r i va te
veh ic le  usage  such  tha t  each  househo ld  i s  expec ted  to  reduce  the  number  o f
ca rs  f rom 3  pe r  househo ld  to  1  pe r  househo ld .  Fu r the r ,  i t  i s  a l so  expec ted  tha t
w i th  improved  wa lkab i l i t y ,  each  ca r  i s  expec ted  to  cove r  on l y  12 ,000  m i les  pe r
yea r  and  sh i f t  t o  us ing  e lec t r i c  veh ic les  wh ich  ge ts  a  m i leage  o f  100  MPGe.  In
inc remen ta l  t e rms ,  i t  i s  expec ted  tha t  each  househo ld  then  has  a  reduc t i on  i n
veh ic le  m i les  t rave l l ed  a t  45 ,500  m i les  pe r  yea r .  Add i t i ona l l y ,  a  moda l  sh i f t  i s
expec ted  where in ,  an  i nc reased  dependency  i s  expec ted  on  pub l i c  t rans i t ,
f u r the r  reduc ing  to ta l  veh ic le  m i les  t rave l l ed  by  8 ,000  m i les  pe r  yea r .  Overa l l ,
ac ross  1 ,280  househo lds  the  p ro jec t  i s  expec ted  to  bene f i t  f r om 47  m i l l i on
veh ic le  m i les  reduced  pe r  yea r .  Th i s  i s  expec ted  to  genera te  soc ia l  and
env i ronmen ta l  bene f i t s  o f  t o  i nc lude  opera t i ons  cos t  f o r  ca rs ,  no i se ,  road
in f ras t ruc tu re ,  sa fe ty ,  and  env i ronmen ta l  ca rbon  and  c r i t e r i a  a i r  con taminan t
reduc t i ons .   

Va lue  o f  Reduced  Acc iden t  R isk

Reduc ing  veh ic le  m i les  reduces  the  r i sk  o f  ca r  acc iden t ,  i n ju ry ,  o r  dea th .
These  sa fe ty  bene f i t s  a re  es t ima ted  w i th  2014  to  2018  NHTSA (2019)  ave rage
o f  US c rash  s ta t i s t i cs  i nvo l v ing  ca rs ,  and  ra t i ng  i n ju ry  cos t i ng  (USDOT,  2018) .
Th is  resu l t s  i n  a  sa fe ty  bene f i t  o f  $0 .28  pe r  veh ic le  m i le  t rave l l ed .

Va lue  o f  Reduced  Pr i va te  Veh ic le  Opera t i ons

Reduc ing  veh ic le  m i les  reduces  annua l  ope ra t i ng  cos ts .  Opera t i on  cos ts
es t ima ted  fo r  t h i s  bene f i t  i nc lude  ma in tenance  cos t  o f  ca rs  pe r  yea r ,  as
es t ima ted  by  the  US Depar tmen t  o f  T ranspor ta t i on  (2020)  a t  $0 .09  pe r  m i le .  

Va lue  o f  Reduced  Commute r  T ime

Reduc ing  veh ic le  m i les  reduces  the  conges t ion  o f  ca rs  on  road .  The  avo ided
cos t  o f  conges t i on  i s  compu ted  us ing  da ta  f rom the  US Depar tmen t  o f
T ranspor ta t i on  (2008)  a t  $0 .21  pe r  veh ic le  m i le .

Carbon  and  Cr i t e r i a  A i r  Con taminan t  Emiss ions  Reduc t ion

Reduc ing  veh ic le  m i les  a re  a  ma jo r  sou rce  o f  ca rbon  equ iva len t  and  c r i t e r i a
a i r  con taminan t  em iss ions  as  commun i t y  members  a re  expec ted  to  t rave l
sho r te r  d i s tances .  Th is  a l l ows  fo r  reduced  nega t i ve  impac ts  to  the  ecosys tem
and  the  c l ima te .  Reduced  emiss ion  l eve l s  a re  ca l cu la ted  us ing  GREET and  

V e h i c l e  m i l e s  t r a v e l l e d
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monet i zed  us ing  soc ia l  va lues  fo r  each  po l l u tan t  f rom sources  such  as
In te ragency  Work ing  Group  (2016)  on  the  Soc ia l  Cos t  o f  Carbon ,  and  a  w ide
range  o f  sou rces  fo r  c r i t e r i a  con taminan ts ,  l i s ted  i n  de ta i l  under  Energy
E f f i c i ency  &  Renewab le  Energy  above .   

No ise  Po l l u t i on  Reduc t ion

Reduc ing  veh ic le  m i les  reduces  no ise ,  wh ich  genera tes  va lue  to  the
commun i t y .  No ise  po l l u t i on  o f  roadways  man i fes ts  as  unwan ted  sounds  and
v ib ra t i ons ,  w i th  pe rsona l  and  f i nanc ia l  imp l i ca t i ons .  No ise  d i rec t l y  impac ts  the
hea l th  o f  peop le  as  i t  i nc reases  ca rd iovascu la r  d i sease  r i sk ,  dec reases
cogn i t i ve  ab i l i t y ,  i nc reases  s leep  d i s tu rbance ,  i nc reases  p reva lence  o f
t i nn i tus ,  and  inc reases  annoyance  leve l s .  A  s tudy  by  Essen  e t  a l .  (2019) ,
i den t i f i ed  the  no ise  reduc t i on  bene f i t  pe r  veh ic le  m i le  t rave l l ed  and  segmen ted
the  va lues  by  t ype  o f  veh ic le ,  t ime  o f  day ,  conges t i on  l eve l .  The  s tudy  a l so
accoun ts  fo r  p ro jec ts  l oca ted  i n  an  u rban ,  suburban ,  and  ru ra l  a reas .
Cons ide r ing  a  50% suburban  and  50% ru ra l  m i l eage ,  the  va lue  pe r  veh ic le  m i le
t rave l l ed  i s  mu l t i p l i ed  by  the  to ta l  veh ic le  t rave l  m i l es  reduced  to  ob ta in  the
no ise  reduc t i on  soc ia l  va lue .  

V e h i c l e  m i l e s  t r a v e l l e d
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Bu i ld ing  s igh t  l i nes  can  lead  to  e f fec ts  on  occupan t ’ s  p roduc t i v i t y  and
absen tee ism th rough  improved  v iews .  As  a  pa r t  o f  t he  Na tu re  Towns  p ro jec t ,
v iews  w i th  p lan ts  a re  expec ted  to  i nc rease  in  the  des ign  case  as  compared  to
the  base l i ne .  As  a  p ro jec t  eva lua t i on  o f  t he  en t i re  commun i t y ,  i t  i s  assumed
tha t  a l l  commun i t y  occupan ts  a re  expec ted  to  bene f i t  f r om v iews  o f  p lan ts  f rom
the i r  o f f i ce  bu i l d ings  w i th in  the  commun i t y .

Produc t i v i t y

I nc reas ing  g reen  spaces  w i th in  the  emp loyees ’  s igh t l i ne  can  inc rease
produc t i v i t y  up  to  13 .5%,  fo r  t he  bes t  v iew  ra t i ng  (Heschong  &  Mahone ,  2003) .
In  th i s  p ro jec t ,  i t  i s  assumed  tha t  50% o f  t he  commun i t y  has  access  to  a  V iew
Rat ing  o f  2  w i th  p lan ts .  Th i s  i s  shown  in  the  f i gu re  be low,  where  the re  i s
pa r t i a l  v i ew  o f  p lan ts  fo r  emp loyees  a t  t he i r  desks .  Au tocase  uses  an  ave rage
o f f i ce  bu i l d ing  wage  fo r  Texas  to  mone t i ze  the  i nc rease  in  p roduc t i ve  work
hours .

I n d o o r  E n v i r o n m e n t  Q u a l i t y :
Q u a l i t y  V i e w s

Absen tee ism

I nc reas ing  g reen  spaces  w i th in  the  emp loyees ’  s igh t l i ne  can  reduce  up  to  11 .0
s i ck  hou rs  annua l l y  (E l zeyad i ,  2011) .  Au tocase  uses  th i s  re la t i onsh ip  and  an
average  o f f i ce  bu i l d ing  wage  ra te  to  es t ima te  the  change  in  absen tee ism and
the re in ,  t he  change  in  p roduc t i ve  work  hou rs .
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Natu re  Towns  i s  expec ted  to  make  s ign i f i can t  i nves tmen ts  i n to  rec rea t i ona l
amen i t i es  ac ross  the  p ro jec t  s i t es .  Rec rea t i ona l  ac t i v i t i es  i n  open  spaces  a re
typ i ca l l y  f ree  o f  cha rge ,  bu t  t he  d i rec t  use  va lue  can  s t i l l  be  es t ima ted .  The
rec rea t i on  mode l  uses  two  papers  f rom The  T rus t  f o r  Pub l i c  Land ’s  Cen te r  fo r
C i t y  Pa rk  Exce l l ence  (2008a ;  2008b)  tha t  es t ima te  the  d i rec t  use  va lue  fo r
rec rea t i ona l  ac t i v i t i es  i n  Bos ton  and  Ph i l ade lph ia .  These  s tud ies  su rveyed
commun i t y  members  on  how much  they  wou ld  pay  i n  the  marke tp lace  (a  d i rec t
va lue  pe r  ac t i v i t y ) .  Fo r  i ns tance ,  researche rs  wou ld  use  the  p r i ce  pa id  a t
commerc ia l  f ac i l i t i es  w i th  admiss ion  fees  to  pa r t i c i pa te  i n  s im i l a r  rec rea t i ona l
ac t i v i t i es ,  t o  de r i ve  a  d i rec t  use  va lue  pe r  ac t i v i t y .  Us ing  a  p ro jec t  l oca t i on  o f
Aus t i n  Texas ,  we  app ly  a  cos t  o f  l i v i ng  i ndex  (Numbeo ,  2018)  to  t rans fe r  t he
d i rec t  use  va lues  f rom Bos ton  and  Ph i l ade lph ia  to  the  p ro jec t  l oca t i on .

A  key  i npu t  f o r  t h i s  mode l  i s  t he  number  o f  v i s i t s  by  the  commun i t y  pe r  yea r .
The  b reakup  fo r  v i s i t o rs  to  each  amen i t y  were  p rov ided  by  the  p ro jec t  t eam
and  l i s ted  i n  the  Inpu ts  and  Da ta  sec t i on .  Fu r the r ,  a  base l i ne  assumpt ion  has
been  made  tha t  i n  the  absence  o f  Na tu re  Town des igns ,  t he  commun i t y  wou ld
on ly  have  rec rea t i ona l  space  w i th in  p r i va te  home backya rds ,  and  no
comparab le  pub l i c  spaces .  Au tocase ’s  research  the re fo re  app l i es  a  sca rc i t y
p remium o f  l ow  pub l i c  space  ava i l ab i l i t y  i n  the  base l i ne  to  the  d i rec t  use
va lues  (based  on  l i t e ra tu re  f rom the  U .S .  A rmy  Corps  o f  Eng inee rs  (2017) ) .
The  sca rc i t y  p remium enab les  the  mode l  t o  accoun t  fo r  commun i t i es  tha t  l ack
access  to  open  space ,  i nc reas ing  the  va lue  o f  an  ac t i v i t y  f o r  a reas  tha t  l ack
such  amen i t i es .  Comb in ing  the  d i rec t  va lue  and  sca rc i t y  p remium,  Au tocase
es t ima tes  the  annua l  t o ta l  va lue  (bene f i t  o r  cos t )  o f  rec rea t i on  app l i ed  th rough
the  opera t i ons  du ra t i on .

r e c r e a t i o n
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Low impac t  deve lopmen ts  (L ID) ,  pa rks ,  and  g reen  space  a re  a t t rac t i ve
loca t i ons  fo r  exe rc i se .  The  economic  bene f i t s  o f  improved  hea l th  f rom
engag ing  i n  regu la r  phys i ca l  ac t i v i t y  can  be  va lued  as  the  avo ided  reduc t i on  i n
p roduc t i v i t y  ( f rom reduced  p resen tee ism a t  work ) .  The re fo re ,  l os t  economic
ou tpu t  f rom peop le  be ing  ou t  o f  work  o r  no t  engaged  wh i l e  a t  work  rep resen ts
the  soc ia l  cos t  i n  th i s  mode l .  The  soc ia l  cos t  o f  i nac t i v i t y  i s  es t ima ted  a t  $0 .09
per  m inu te  o f  exe rc i se  (M. ,  Pe l l e t i e r ,  B . ,  Lynch ,  W.  [2004 ] ;  Un i ted  S ta tes
Census  Bureau  [2016 ] ) .

The  number  o f  v i s i t o rs  to  these  g reen  spaces  i nc lude  those  v i s i t i ng  f i t ness
pads ,  spo r t s  pads ,  wa lk ing  t ra i l s ,  j ogg ing  t ra i l s  –  a  cumu la t i ve  o f  1 ,678
v is i t o rs  pe r  day .  The  amoun t  o f  t ime  spen t  pe r  ac t i v i t y  i s  es t ima ted  a t  30
minu tes  on  ave rage  –  as  sugges ted  by  the  Amer i can  Hear t  Assoc ia t i on  (2015)
recommenda t ions  fo r  exe rc i se  rou t i nes .  Acco rd ing  to  the  Amer i can  Hea l th
Assoc ia t i on ,  on  ave rage ,  on l y  48% o f  i nd i v idua ls  engaged  in  exe rc i se  mee t  a
m in imum 150  m inu tes  o f  ae rob ic  ac t i v i t y  (Cohen  e t  a l . ,  2011) .  Au tocase
the reby  ca l cu la tes  a  p ropor t i ona l  pub l i c  hea l th  bene f i t  f r om exe rc i se  to
rep resen t  the  avo ided  loss  o f  p roduc t i v i t y  f rom reduced  p resen tee ism a t  work .  

p u b l i c  h e a l t h
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Heat  waves  a re  an  i nc reas ing  danger  ac ross  Nor th  Amer i ca ,  somet imes
resu l t i ng  i n  l a rge  numbers  o f  p rematu re  hea t - re la ted  dea ths .  These  even ts
may  be  more  f requen t  and  seve re  i n  the  fu tu re  due  to  c l ima te  change .
Inves t i ng  i n  a  g reen  space  can  reduce  the  seve r i t y  o f  ex t reme hea t  even ts  by
c rea t i ng  shade  and  reduc ing  the  amoun t  o f  hea t  abso rbed  ha rdscapes ,  i . e .
a f fec t  t he  amb ien t  t empera tu re .  Even  a  sma l l  coo l i ng  e f fec t  can  be  enough  to
reduce  hea t  s t ress - re la ted  fa ta l i t i es  du r ing  ex t reme hea t  wave  even ts .  Na tu re
Towns  i s  expec ted  to  have  u rban  hea t  i s l and  bene f i t s  f rom the  i nc remen ta l
ac res  o f  g reen  space  in  the  des ign  case  as  we l l  as  i nves tmen ts  i n to  denser
vege ta t i on  i n  the  des ign  case  as  compared  to  the  base l i ne  tu r f  and
hardscapes .  

Loca t ion  spec i f i c  (mapped  to  25  square  km ce l l s )  t empera tu re  fo recas ts  a re
used  f rom the  CanESM2 mode l  by  the  Canad ian  Cen t re  fo r  C l ima te  Mode l l i ng
(CCCma,  2017) .  The  CanESM2 mode l  rep resen ts  the  Canad ian  con t r i bu t i on  to
the  IPCC F i f t h  Assessmen t  Repor t  (AR5) .  Da ta  i s  ex t rac ted  fo r  RCP scenar ios
4 .5  to  es t ima te  the  change  in  expec ted  mor ta l i t y  f rom hea t -s t ress  re la ted
even ts  ove r  the  p ro jec t  pe r iod .  Us ing  l i t e ra tu re  f rom Guo ,  e t  a l .  (2014) ,  a
M in imum Mor ta l i t y  Th resho ld  (MMT)  i s  se t  t o  i den t i f y  t he  mon th l y  number  o f
days  tha t  have  tempera tu re  exceed ing  th i s  th resho ld  above  wh ich  the  r i sk  o f
hea t -exposure  re la ted  mor ta l i t y  i nc reases .

The  change  in  amb ien t  t empera tu re  fo r  ha rdscapes  a re  es t ima ted  us ing  so la r
re f l ec tance  indexes  (SRI ) ,  and  f rom g reen  cove rs  us ing  hea t  f l uxes  (Wat t s /m2)
and  the rma l  conduc t i v i t y  (Wat t s /m2  K)  (A l chapar  e t  a l . ,  2014 ;  Madhumath i  e t
a l . ,  2018 ;  Radh i  e t  a l . ,  2014 ;  San tamour i s  e t  a l . ,  2011 ;  T ran  e t  a l . ,  2009 ;
Uzarowsk i  e t  a l . ,  2018 ;  Sharma e t  a l  (2016) ;  Pa rsha l l  e t  a l  (2016) ;  Sa i l o r  &
Hagos  (2011) ) .  These  pa ramete rs  i n fo rm the  i nc remen ta l  change  in  su r face
tempera tu re  be tween  d i f f e ren t  g round  cove rs .  A  change  in  su r face  tempera tu re
i s  conve r ted  to  a  change  in  amb ien t  t empera tu re  us ing  l i t e ra tu re  f rom Guan
(2011) .  The  inc remen ta l  change  in  amb ien t  t empera tu re  be tween  the  base  and
des ign  case  in fo rms  the  change  in  mor ta l i t y .  The  va lue  o f  s ta t i s t i ca l  l i f e  (VSL)
i s  used  to  mone t i ze  the  change  in  mor ta l i t y  t o  ca l cu la te  a  bene f i t  o f  i nves t i ng
in  coo l  o r  g reen  roo fs  fo r  t he  use r .

u r b a n  h e a t  i s l a n d
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Vege ta ted  g round  cove r  i s  assoc ia ted  w i th  the  bene f i t s  o f  ca rbon
seques t ra t i on  and  po l l u tan t  depos i t i on .  Na tu re  Towns  i s  expec ted  to  have
green  cove r  tha t  ex tends  to  198  ac res  i n  the  des ign  case  as  compared  to  178
ac res  o f  t u r f  i n  the  base l i ne .  P lan ts  seques te r  ca rbon  by  accumu la t i ng  ca rbon
in  p lan t  b iomass  tha t  i s  above  and  be low g round ,  as  we l l  as  i n  the  so i l
benea th  the  vege ta t i on  i n  the  fo rm o f  so i l  o rgan ic  ca rbon .  The  ra te  a t  wh ich
ca rbon  i s  seques te red  depends  on  the  t ype  o f  vege ta t i on .  La rge r  p lan ts
seques te r  more  ca rbon  as  they  have  more  above  and  be low g round  b iomass ,
bo th  o f  wh ich  s to re  ca rbon .  P lan ts  a re  a l so  respons ib le  fo r  d ry  depos i t i on  o f
c r i t e r i a  a i r  con taminan ts  such  as  pa r t i cu la te  ma t te r ,  n i t rous  ox ides ,  and
su lphu r  d iox ide .  To ta l  ca rbon  seques te red  i s  es t ima ted  a t  60 ,000  tonnes  ove r
40  yea rs .  

The  bes t  ava i l ab le  sc ien t i f i c  ev idence  has  shown a  va r ia t i on  i n  seques t ra t i on
and  depos i t i on  be tween  vege ta t i on  tha t  i s  managed  o r  unmanaged ,  w i th
unmanaged  vege ta t i on  hav ing  h ighe r  seques t ra t i on  ra tes  ow ing  to  the  energy
emiss ions  f rom vege ta t i on  ma in tenance .  To  accoun t  fo r  d i f f e rences  o f  c l ima te
in  d i f f e ren t  reg ions ,  Au tocase  uses  the  l eng th  o f  t he  l oca l  g row ing  season .  The
leng th  o f  t he  g row ing  season  i s  es t ima ted  fo l l ow ing  the  US EPA p rocedure  o f
de te rm in ing  the  l as t  f ros t  day  o f  t he  sp r ing  and  the  f i r s t  f ros t  day  o f  t he  fa l l ,
w i th  the  number  o f  days  i n  be tween  de f i n ing  the  g row ing  season  (US EPA,
2016) .  Th i s  sca les  the  amoun t  o f  t he  yea r  i n  wh ich  p lan ts  w i l l  g row and  ca rbon
w i l l  be  seques te red ,  accoun t ing  fo r  reg iona l  c l ima t i c  d i f f e rences .  Carbon  and
o the r  po l l u tan t  seques t ra t i on  ra tes  (Ge t te r  e t  a l . ,  2009 ;  Gopa lak r i shnan  e t  a l . ,
2018 ;  Ku ronuma e t  a l . ,  2018 ;  L ieb ig  e t  a l . ,  2008 ;  Q ian  e t  a l . ,  2010 ;  Se lho rs t  &
La l  2012 ;  Wh i t t i ngh i l l  e t  a l . ,  2014 ;  Z i r k le  e t  a l . ,  2011)  a re  mone t i zed  us ing  the
soc ia l  cos t  o f  ca rbon  and  a i r  po l l u tan ts .

c a r b o n  s e q u e s t r a t i o n  &  c r i t e r i a  a i r
c o n t a m i n a n t  d e p o s i t i o n
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Natu re  Towns  i s  engaged  in  was te  management  p rac t i ces  to  i nc rease  the  tons
o f  so l i d  was te  recyc led  and  compos ted  pe r  yea r .  Acco rd ing  to  documen ta t i on
p rov ided ,  we  expec t  t o  recyc le  1049  tons ,  and  compos t  312  tons  o f  was te  pe r
yea r .  Au tocase  uses  the  WARM too l  v15  (2020)  by  the  EPA to  es t ima te  the
reduced  ca rbon  emiss ions  by  recyc l i ng  and  compos t ing .  I n  to ta l ,  we  expec t  a
reduc t i on  i n  2 ,700  me t r i c  t onnes  o f  ca rbon  pe r  yea r .   Au tocase  mone t i zes  th i s
reduc t i on  i n  ca rbon  emiss ions  us ing  the  soc ia l  cos t  o f  ca rbon .

As  a  pa r t  o f  reduced  was te  i nc ine ra t i on ,  t he  too l  a l so  genera tes  a  reduced
need  fo r  e lec t r i c i t y ,  es t ima ted  a t  27 ,966  M i l l i on  BTU pe r  yea r .  Th i s  reduced
energy  consumpt ion  i s  comb ined  w i th  ene rgy  e f f i c i enc ies  on  s i t e  to  genera te
add i t i ona l  f i nanc ia l  sav ings  to  the  commun i t y ,  as  we l l  as  reduced  g reenhouse
gas  and  c r i t e r i a  a i r  con taminan t  em iss ions .  

c a r b o n  e m i s s i o n s  r e d u c e d  f r o m  w a s t e
m a n a g e m e n t
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I nc reased  ac res  o f  vege ta t i on ,  i nc lud ing  l ow  vege ta t i on  such  as  tu r f ,  med ium
vege ta t i on  such  as  sh rubber ies  and  t rees  a re  respons ib le  fo r  improv ing  the
wa te r  qua l i t y  i n  downs t ream wa te r  i n  l oca l  a reas  by  reduc ing  runo f f .  Au tocase
uses  l oca t i on  spec i f i c  (mapped  to  25  square  km ce l l s )  p rec ip i t a t i on  fo recas ts
a re  used  f rom the  CanESM2 mode l  by  the  Canad ian  Cen t re  fo r  C l ima te
Mode l l i ng  (CCCma,  2017)  to  es t ima te  the  l eve l  o f  runo f f  be tween  the  base l i ne
and  des ign  case .  I n fo rma t ion  p rov ided  by  the  p ro jec t  t eam sugges t  a  change  in
in f i l t r a t i on  be tween  the  base  and  des ign  case  f rom a  Type  A  so i l  t o  a  Type  D
so i l  t o  accoun t  fo r  eng inee red  so i l  t ha t  has  a  h ighe r  l eve l  o f  i n f i l t r a t i on
capac i t y .  Fu r the r ,  t he  des ign  case  i s  a l so  expec ted  to  conve r t  imperv ious
hardscapes  in to  g reen  in f ras t ruc tu re  such  as  de ten t i on  ponds ,  and  cons t ruc ted
we t lands ,  t ha t  a re  expec ted  to  cap tu re  add i t i ona l  runo f f  f rom nearby
imperv ious  su r faces .

Th is  reduc t i on  i n  ons i te  runo f f  i s  expec ted  to  reduce  the  l eve l  o f  po l l u tan t
l oads  downs t ream,  and  the reby  reduce  nega t i ve  impac ts  o f  wa te r
con tamina t ion .  Au tocase  uses  po l l u tan t  l oad ing  es t ima tes  to  ca l cu la te  the
leve ls  o f  N i t rogen ,  Phosphorus ,  To ta l  Suspended  So l i ds ,  and  heavy  me ta l s
such  as  Copper ,  Lead ,  and  Z inc  tha t  a re  cap tu red  on  s i t e .  Au tocase  va lues  the
changes  in  po l l u tan t  l oads  by  app ly ing  a  soc ia l  cos t  o f  wa te r  po l l u tan ts .  Th i s
soc ia l  va lue  i s  es t ima ted  us ing  bes t  ava i l ab le  sc ien t i f i c  research  f rom
Hernandez -Sancho  e t  a l .  (2015)  tha t  uses  was tewa te r  t rea tmen t  cos ts ,  and
leve l  o f  po l l u tan t  l oads  i n  runo f f  wa te r  a t  t he  s tudy  s i t e  to  ass ign  a  shadow
pr i ce  to  each  po l l u tan t  t ype  (N i t rogen ,  Phosphorus ,  To ta l  Suspended  So l i ds ) .
The  soc ia l  va lue  fo r  heavy  me ta l s  i s  es t ima ted  us ing  research  f rom the  CE
De l f t  Handbook  (2019)  tha t  assesses  the  marg ina l  damages  o f  heavy  me ta l s  i n
runo f f  wa te r  i n  te rms  o f  eco tox i c i t y .

w a t e r  q u a l i t y
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Urban  fa rms  ac t  as  a  pos i t i ve  i n f l uence  on  po l l i na t i on .  G iven  Na tu re  Towns
s ign i f i can t  i nves tmen t  i n to  u rban  ag r i cu l tu re  and  g reen  space ,  po l l i na t i on  i s
expec ted  as  an  env i ronmen ta l  bene f i t  as  compared  to  ha rdscapes  under
base l i ne  cond i t i ons .  The  va lue  o f  po l l i na t i on  i s  de r i ved  f rom FEMA (2013)
gu idance  geared  spec i f i ca l l y  t owards  the  i nc lus ion  o f  env i ronmen ta l  bene f i t s
w i th in  cos t  bene f i t  ana lys i s  conduc ted  fo r  new ly  cons t ruc ted  g reen  open  space
and  r i pa r ian  l and  use .  These  va lues  a re  genera ted  i n  te rms  o f  t he  ecosys tem
serv i ces  p rov ided  by  g reen  space  such  as  aes the t i c  va lue ,  qua l i t y ,  b io log i ca l
con t ro l ,  c l ima te  regu la t i on ,  po l l i na t i on ,  rec rea t i on  e tc .  FEMA va lues  the
bene f i t s  o f  po l l i na t i on  a t  rough ly  $321  pe r  ac re .

p o l l i n a t i o n
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