%‘““‘“\N Ag Econ sxes
/‘ RESEARCH IN AGRICUITURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu

aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.

No endorsement of AgEcon Search or its fundraising activities by the author(s) of the following work or their
employer(s) is intended or implied.


https://shorturl.at/nIvhR
mailto:aesearch@umn.edu
http://ageconsearch.umn.edu/

Green Roof Adoption: Private vs. Social Optimal

Madhur Lamsal and Jeffrey D. Mullen
Department of Agricultural & Applied Economics
The University of Georgia
Conner Hall, Athens , GA 30605
madhur@uga.edu, 706-542-0130
Jmullben@uga.edu, 706-542-0767

Poster prepared for presentation at the Agricultural & Applied Economics
Association’s 2012 AAEA Annual Meeting, Seattle, Washington, August 12-14, 2012

Copyright 2012 by Madhur Lamsal and Jeffrey D. Mullen.
All rights reserved.

Readers may make verbatim copies of this document for non-commercial purposes by any
means, provided that this copyright notice appears on all such copies.



Green Roof Adoption: Private vs. Soclal Optimal

Madhur Lamsal and Jeffrey D. Mullen

| @ | Department of Agricultural & Applied Economics @
The University of Georgla The University of Georgia TheUniversity of Georgra

Introduction Data & Methods o S
Pollution Emissions:

Arognd the globe, green roofs — vegetated co_v_erings In a growing o _ _ _ _ _ E-Grid (Emissions & Generation Resource Integrated o SR | PR | == —
medium — have been proposed as a tool to mitigate adverse effects The analysis |nclude§ both private and p_ubllc COSts assqmated with conventional Database), Energy Star Profile Manager, & Clean Energy Power - N
of urbanization: urban heat island effect (UHIE), excessive roofs and green roofs. Private costs include installation, maintenance, energy and Profiler to,ols develoned by USEPA aré used 1o track emission g%fﬁ% P - !
tormwater runoff, and air quality degradation stormwater fees. Public costs include stormwater infrastructure costs, and | het by ’ : R Yoot S
> ! ' . . e levels back to the coal fired power plants to determine the study = od
pollutant-related health care costs from nitrogen oxide (NO,), sulfur dioxide (SO,) and , . . . . . >
. . . . : . g area’s energy consumption. In conjunction with E-Grid and Arc |
Over the last 3 decades, Atlanta, carbon dioxide (CO,) emitted during usage of electrical appliances in each building . :
Plant (2. Grass, Sedum) . ) .. : : GIS, plant level contribution to cost and benefit are computed for A — N
: Georgia has undergone rapid as well as emissions from regional coal fired power plants. . sRaglieostEiteotivg Green. Rants
L . conventional and green roof set-up due to usage of energy and —— s —
Groving Median urbanization, much of which has reduction in energy use respectively e Leton Owetmmat Bustais
come In the form of impervious 138 buildings in downtown Atlanta were selected for the study. Building-level ' i i =
PR surfaces. This has led to water Impervious surface area was obtained from Fulton county GIS office. Other physical T | i
_ ] _ ] ] ] ] _ 50, , & 15 Tile Buffer and Power Plants Around Study Area | - & 7 i\%%o
Drainage Layer quality impairments, adverse characteristics of the building, such as, number of floors were calculated with the help | ‘ »-:
Waterproofmgl\rIembrane human health impaCtS, and Of ArC GIS V-lo SOftWare, Google Earth V- PrOfeSSionaI and through On-Site inSpeCtiOn. SRRk Powerplantf : ’ Ko i 2 ey ¥ SN |
- additional costs for energy to - & o J% f-; m =mmy
cool buildings and development Installation Costs: Three rates were examined from recent literature. eesierl [ 2 TREOA P cost Eftectvs it O
and management of stormwater Table 1: Conventional & Green Roof Rate ST DO I Y G Y Figure 6: Optimal Building Location
Infrastructure. Methods CR (Rate/m?) GR Rate/m? s I Ci. _ _ —
) i s Green Roof: Private Cost Effective Building
Figure 1: Section of Green Roof Carter et al., 2008 $83.78 $155.41 LiaR - $290,198,081
’Clark et al., 2008 $167.00 $232.00 oL . e
Thi nalyzes th nomics of ing green roof . LU O
s study analyzes the economics of adopting green roo 3Nui et al., 2010 $242.00 $309.00 >
technology to offset effects of urbanization within a section of 5
downtown Atlanta (Fulton County, Zip code 30303, GA). Energy and Pollution Costs: oy s N S
. . 5T 5 “ .o - o
E Energy consumption data were generated by Energy Plus V.6, a simulator software TR % =
—— developed by Department of Energy (DOE). Energy Plus also provides estimates of Eoa . ‘ % 4> Otimal
the emission of pollutants from the each building due to the usage of electrical y peemml @R p- Bu”gﬂfgf 119 Optimal
equipment and other human activities. We use the marginal healthcare cost associated S PO B Z Buildings go_?;!ma'
with different pollutants such as (NO,), (SO,) & (CO,) developed by T LT HIIIngs
Muller & Mendelsohn (2007). e ——— N i Ry
TN Figure 7: Green Roof Net Benefit
Stormwater Costs: e -7§ . ;DICMASSHYDRO,WIND -
om ?f#% The City of Atlanta does not currently charge a stormwater fee. Propared By Madhus Lamsd g . CO N CI USIoNS
=1 - R B - - Atlanta Regiﬁal Commission, eGRID EPA * :' Buffer . . . . . .
2 In facg, a referendurH f(zjr ::nlttla;m%\;a fee ti)hcover neczs:ary stormwatefr |nt1;1rasttructuret The cost-benefit analysis associated with installing and
upgrades was recen efeated. We use the proposed fee as a proxy for the stormwater . . . S -
i K pgt o 'thy £ Prop Proxy Figure 4: Sub Region Power Plant Location maintaining green roofs suggest the following: |
% COSIS assoclated with a SpeCItic bullding. » Under method 1 there are 42 buildings for which a
Green Roof Benefits: Comparative Analysis: green roof is both privately a_nd socially optimal; under
Benefits associat.ed with green roof were calculated relying on previous studies The costs and benefits are calculated for three different method 2 there o 119 bulldings; under method 3 there
e J yingonp | rates and methods used by previous studies for one 40-year green are only 7 buildings. | o
. . . . roof cycle. A discount rate of 4 % for all calculations was used. » From asocial perspective, green roofing Is cost
Table 2: Estimates of Green Roof Benefits Relative to a Conventional Roof effective under all the three methods.
Benefits Method 1 Method 2 Method 3 Resu ItS » A financial incentive or cost-sharing program for
T, e Energy 28% Energy Saving 51% Energy saving (Clark, |10% of Energy saving green roof adoption for all buildings should be
Alactia R egipnal Commison el (Kingsbury and Dunnett,  |et al.,2008) (Nui et al.,2010) considered. However, an information campaign may be
Figure 2: Study Area 2008; Peck et al., 1999) Conventional & Green Roof Cost (CR & GR) ab_le to coax Fhose_bundmgs_for WhICh agreen ropf IS
. . Stormwater |65% of stormwater fee can |65% of stormwater fee can |65% of stormwater fee $700 |_or|vatgly optimal into adopting without a direct financial
ResearCh O bJ eCtlve S be saved. (Moran et al be saved. (Moran et al 2004; |can be saved. (Moran et g $600 _ incentive.
2004) etc) al 2004; etc) £ 400 ® CR Private References
This study attempts to fultill the following objectives: | Health Care | Mean of low ($890/yr) and |Mean of low ($890/yr) and | Mean of low ($890/yr) I & $400 = CR Public ﬁu‘?ﬂiﬁa?k’ > 0% ;’aﬂ{ti’:ga;ngd ﬁgr[])togzai‘gfedazgrfac\:xg”eigwfe?]%gné’e?ﬂg,Zi’,rf;gj P
* EStIm_ate1 fro_m a prlva_te perspeCt!V61 _th_e costs and b_eneflts high ($3390/yr) benefit high ($3390/yr) benefit and high ($3390/yr) < S $300 - m Total C?R (United States); Environmental Protection Agency, Wa:shington, DC (United Staté’s).
assoclated with installing and maintaining an extensive estimate ( Clark et al.,2008) |estimate ( Clark et al.,2008) |benefit estimate ( Clark et O = GR Private Climate Change Div. | | | |
finth it f Atlant ’ ’ %) E $2()O = ] Carter, T., and A. Keeler. 2008. "Life-cycle cost—benefit analysis of extensive vegetated
green root In the City o anta. al.,2008) g $100 ® GR Public roof systems." Journal of Environmental Management 87(3):350-363.
N Clark, C., P. Adriaens, and F.B. Talbot. 2008. "Green roof valuation: A probabilistic
. Estimate, from a social perspective, the costs and benefits L N $0 - "R Totdl ZZ‘ZQ??JESZ’"JX?S 7 emvironmental Renetls” Emironmental seence & feehnoloy
associated with installing and maintaining an extensive Urbaln Hdeda_tt_lslatn(ihl\/lltlloqatlol;]. o o NN o Method 1 Method 2 Method 3 Kingsbury, N, and . Dunnett. 2008. ‘Planting green roofs and living walls”
. . N a 1IT1onNn 10 e above benerti S, green oo |ng a S|gn| 1ICANtl area may oTIse par OoT | - - - - - Ipton, |I. ] anning, Zzoning an_ INancia mcen_l_\/es or ecoroofts In Fortiana,
green roof in the city of Atlanta. . : : : Figure 5: Private & Public Cost of 139 building over 40 years. Oregon.” Greening Rooftops for Sustainable Communities: 113-120.
UHI (Lipton, 2003). Based on Akbari et al. (1992) and Lipton (2003) we examine the J J y Moran, A., B. Hunt, and G. Jennings. 2004. "A North Carolina field study to evaluate
; - - ; .. ] -1 I OF i I I greenroof runoff quantity, runoff quality, and plant growth." Greening Rooftops for
° Identlfy speC|f|c bwldmgs for which publlc Incentives for eﬁECt_Of d gre((jn FO_O1; IbndU(;_ed refductlon Off3 dF n ?malenthalrlfgnge_rlzt_ure O_n the q Additional GIS analysis IS performed to find exact location of Sustainable Communities. | | o
green roof adoption should be considered, i.e., bqumgs for net private and social benetits or green root a qptlon ort _e - Ul |_ngs In our study private & social optimal bqumgs for green roof adoption Muller, N.Z.,zlalnd R. Mendelsohn. 2007. "Measuring the damages of alrpollu_tlon in the
) o ! ) ] ] area. The effect on energy use and the concomitant reduction in pollutlon _ _ _ _ United States.” Journal of Environmental Economics and Management 54(1):1-14.
which it 1s socially optimal but not privately to install a o _ scenarios. The following map is extracted from GIS Analysis. Niu, H., C. Clark, J. Zhou, and P. Adriaens. 2010. "Scaling of economic benefits from green
green roof emissions are considered. roczf ir)nplementation in Washington, DC." Environmental science & technology
. 44(11):4302-4308.

Peck, S.W. 1999. Greenbacks from green roofs: forging a new industry in Canada: Canada
Mortgage and Housing Corporation



http://www.megaprint.com/

