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THE SOCIAL COST OF WATER POLLUTION

 Nutrie nt pollution is one  of Ame rica 's most wide spre a d, costly, a nd cha lle nging 
e nvironme nta l proble ms (USEPA 2024).

 Wa te r qua lity is importa nt for outdoor re cre a tion, industria l production, 
a griculture , housing, comme rcia l fishing, a nd he a lth.

 The  e cosyste m se rvice s losse s from nutrie nt pollution ge ne ra te  a ssocia te d  socia l 
costs tha t d ire ctly a ffe ct millions of Ame rica ns a nnua lly.
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COST-BENEFIT ANALYSES

 Since  1960, US public a nd priva te  a ctors 
ha ve  spe nt ove r $1.9 trillion to a ba te  
surfa ce  wa te r pollution.

 Re gula tions a re  subje ct to de ta ile d  CBAs.
 Be ne fit-cost ra tio of 20 CBAs a na lyze d by 

Ke ise r e t a l. (2019): 0.37
 Unde re stima tion of true  be ne fits or 

ove re stima tion of true  costs?
 Curre nt a na lyse s e xclude  pote ntia lly 

importa nt be ne fits. 
Source : Ke ise r e t a l. (2019)
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PROJECT

“Measuring the Social Costs of Nutrient Pollution through Integrated 
Assessment Modeling”

 Funde d by USDA-NIFA
 PI: Da vid  A. Ke ise r, Unive rsity of Ma ssa chuse tts Amhe rst
 2022-2025

 Obje ctive s:
 Provide  na tiona l-le ve l e stima te s of wa te r pollution da ma ge s
 Fill a  knowle dge  a nd policy ga p re la te d  to e va lua ting USDA conse rva tion 

progra ms
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INTEGRATED ASSESSMENT MODELS

 IAMs combine  qua ntita tive  de scrip tions of 
e conomic a nd e cologica l proce sse s to study 
e nvironme nta l proble ms.

 The y conne ct e conomic a ctivity with 
e nvironme nta l conse que nce s, a nd ultima te ly, 
with va lua tion.

 The y ca n be  use d to e stima te  da ma ge s from 
pollution, but a lso be ne fits of pollution 
re ductions

Source : Ke ise r & Mulle r (2017)
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NUTRIENT FATE AND TRANSPORT

 The  da ma ge s of wa te r pollution de pe nd critica lly on the  loca tion of e missions 
a nd the  fa te  a nd tra nsport of polluta nts.

 Ma rgina l cha nge s in loa dings into a  single  wa te rshe d a ffe ct conce ntra tions 
throughout hydrologica l ne twork. 

 Accounting for the  linka ge s from source s to a ll downstre a m impa cte d use rs is 
critica l to obta ining a  full me a sure  of the  be ne fits of wa te r qua lity improve me nts.

Source : Ke e le r e t a l. (2019)
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NATIONAL AGROECOSYSTEMS MODEL
A highly de ta ile d  na tiona l mode ling fra me work de ve lope d to pre dict the  e ffe cts of 
a griculture  on the  e nvironme nt (86,000 La ndsca pe  Units (HUC12), 4 Million Fie lds, 
7.5 Million HRUs)

→ La ndsca pe -leve l runoff a nd nutrie nt loa ds
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SWIFT
 SWAT+ routing structure  (conne ct file s, 

cha nne l a nd re se rvoir inputs)
 Ave ra ge  a nnua l routing conside ring ba nk a nd 

be d e rosion, floodpla in de position, re se rvoir 
tra pping e fficie ncy

 Mode l with 10,000 HRUs runs in 10 se conds
 Efficie nt tool for sce na rio a na lyse s

 SWAT+ ge ne ra te s SWIFT input da ta , but 
outputs from othe r mode ls or me a sure d da ta  
ca n a lso be  use d!

→ Stre a mflow a nd nutrie nt loa ds
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ECONOMIC VALUATION

Va lua tion functions for four ca te gorie s (huma n use s most like ly impa cte d by 
nutrie nt pollution): 

 Housing ma rke ts 
 Wa te r-ba se d re cre a tion
 Drinking wa te r tre a tme nt 
 Clima te  cha nge

The se  functions provide  e stima te s of the  e conomic da ma ge s tha t a rise  from 
incre a se s in pollution a nd conve rse ly the  be ne fits from pollution re ductions.

→ Estima te d Da ma ge s (tota l a nd by industry)
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TOTAL GROSS ESTIMATED DAMAGES

Spa tia l pa tte rn 
re fle cts importa nce  
of popula tion in 
de te rmining tota l 
da ma ge s.

The se  ma ps ca n he lp  
ide ntify the  most 
cost-e ffe ctive  re gions 
for conse rva tion 
a ction.
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DAMAGES FOR RECREATION

Ma rgina l da ma ge s: a dditiona l da ma ge  ca use d by a dditiona l 
units of pollution
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NEXT STEPS

 Ca libra te  SWIFT

 Qua ntify the  curre nt da ma ge s from nutrie nt pollution
 Estima te  the  ma rgina l da ma ge  from e mitting  a n e xtra  ton of 

phosphorus a nd a n e xtra  ton of nitroge n in e a ch individua l 
wa te rshe d

 Ana lyze  distribution of da ma ge s/ be ne fits a cross socioe conomic 
cha ra cte ristics (e .g ., income , ra ce )

 Estima te  the  be ne fits of USDA conse rva tion progra ms
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Thank you!

ka trin.bie ge r@e cos.a u.dk

The  De pa rtme nt of Ecoscie nce  a t Aa rhus Unive rsity is looking for a  Postdoc for  
one year starting as soon as possible. The  Postdoc will mostly focus on se tting  
up a  SWAT+ mode l for a  sma ll, inte nse ly monitore d wa te rshe d in De nma rk a nd 
pe rform a  de ta il a na lysis of a ll hydrologica l a nd nutrie nt tra nsport proce sse s. 
If inte re ste d , p le a se  se nd your CV to ka trin.b ie ge r@e cos.a u.dk.
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