Genesis of the workshop

The projected global demand for fish and fish products is expected to increase over the
next decade. Because many capture fisheries are at their limits of production and the
energy requirements to run the world’s fisheries are increasing in spite of technological
improvements in fishing, satisfying this demand will rely on increased production from
aquaculture. Aquaculture is now one of the fastest-growing food-producing sectors, but
it is being criticized for creating adverse environmental impacts. In order to maintain
the growth of aquaculture and protect the environment, accurate environmental
accounting of food production will be necessary to help policy-makers make informed
decisions that will ensure aquaculture develops in a responsible manner.

The international community recognizes the need to address the environmental
impacts of development. The Convention on Biological Diversity (CBD) and the FAO
Code of Conduct for Responsible Fisheries (CCRF) are key international instruments
that have called for development to address environmental concerns and strive to
protect natural biological diversity. In acknowledging the adverse environmental
impacts from the food production sector, the First Session of the FAO Committee on
Fisheries’ Sub-Committee on Aquaculture held in Beijing, China, from 18 to 22 April
2002, recommended future work be devoted to “undertaking comparative analyses on
the environmental cost of aquatic food production in relation to other terrestrial food
production sectors”. The Sub-Committee specifically asked the FAO Fisheries and
Aquaculture Department to undertake such a study and analysis.

The workshop reported here (Annex 1) is a first step to address that request. Its
purpose was to provide FAO with information that could be used to advise Members
on how to make development decisions that take into account the environmental costs
of food production. These decisions will help determine where public and private
sector investments will help optimize national food production in terms of economic
viability, environmental sustainability and social acceptability. FAO’s ultimate aim
would be to minimize adverse costs and impacts of food production systems through
facilitating informed decisions at the national level.

To that end, a group of experts in aquaculture development, ecology, environmental
economics, environmental impact analysis, energy analysis and livestock farming
(Annex 2) were brought together to advise FAO on appropriate and accurate accounting
approaches for comparing environmental costs of aquaculture and other terrestrial
food production sectors; to evaluate the strengths and weaknesses of these accounting
systems; and to advise FAO on options for moving forward in this important area.
While the workshop recognized that social aspects of environmental impacts are
extremely important and should be considered in analyses and in decision-making, this
area was not addressed in sufficient detail to provide meaningful statements. Similarly,
traditional economic impact analysis was not discussed in detail, despite clearly having
application in cost-benefit analysis.



Food production: intensification
and environmental impacts

Aquaculture may be the fastest growing food-producing sector but others are increasing
as well. Consumption of animal products in the developing world rose from 15 kg per
capita in 1982 to 28 kg per capita in 2002 and is expected to reach 37 kg by 2030 (Gerber
et al., 2007; Soto, Salazar and Alfaro, 2007; FAO, 2004); this is nearly twice as high as
predicted consumption of food from aquatic sources. Food production has in general
outpaced human population growth over the last few decades but the distribution of
this increased production is still inequitable (FAO, 2002).

A key driver of the increase in food production is intensification of farming systems,
often characterized by increased inputs, effluents and energy demands (Prein, 2007).
However, more traditional farming systems that use large amounts of land may also
pose serious risks to the environment, native biodiversity and local communities.
Evaluation of these risks has been attempted, but assessment has not generally included
comprehensive analysis of costs to the environment, and there have been very few
studies done comparing different food production sectors.

Yet all development has impacts. Progress has been made in mitigating some of
them, but there is a long way to go. Production of feed has been identified as one of
the most significant environmental and economic costs in both the aquaculture and
livestock sectors. While farmed aquatic animals are generally more efficient converters
of feed energy than are ruminants, many farmed aquatic animals are fed diets with
fishmeal and fish oil. This has led to criticism of the aquaculture sector for using fish
to feed fish and for causing environmental problems. Reducing the fishmeal and fish
oil component in aquaculture feeds is a high priority for intensive systems; in salmon
feeds, for example, some current formulations rely much less on wild fishmeal than
did diets of a decade ago with a reduction from 60 to 35 percent (Tacon, 2005). The
energy needs of fish farming may thus be reduced along with the dependence on fish
products in the feed. However the global growth of aquaculture and the increasing use
of formulated feeds present a challenge as there is a net increase in total demand for
fishmeal and fish oil.

The important role of the environment in providing ecosystem services is becoming
better understood, sometimes with surprising results. For example, while mangroves
provide valuable feeding and nursery areas for many coastal fisheries, their value in
protecting coastal communities from storm damage may in fact be greater (Barbier,
2007).

Because development agencies may need to consider a range of development or
resource management scenarios, the analytical process upon which these scenarios are
based should include comparison of the costs of all potential options. Comparative
environmental cost assessment is therefore not only an important and potentially
fertile area for study, it is also an area where research results will be extremely useful to
decision-makers, the industry and the public. Nevertheless, misconceptions concerning
food production and its impacts persist. These misconceptions, as well as the general
lack of knowledge concerning food production and the environment, can only be
eliminated through policies that are informed by science-based studies.
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The present workshop represented a scoping exercise which identified broad issues
that need to be addressed in environmental cost analysis. Further action will be needed
to move the analyses forward in order to promote food production systems that are
economically viable, environmentally sustainable and socially acceptable.

THE NEED FOR A LEVEL PLAYING FIELD

The main conclusion of the workshop was that it is necessary to include environmental
costs in any analysis of the sustainability of any food-producing sector. This message is
certainly not new. The concept of “sustainable development” was explicitly identified
20 years ago in the Brundtland Report (UNGA, 1987); however, sustainability has been
difficult to achieve or simply ignored. Fortunately, the tools available to address the
issue are better now; unfortunately, policy- and decision-makers may still avoid using
them if the result is politically unpalatable. There is thus a need to present a balanced
picture of the environmental costs of 4/l food-producing sectors and to formulate
environmental policies that deal with the impacts of all sectors. Such a balanced view
will require a multidisciplinary team of ecologists, economists, social scientists and
policy-makers working with the appropriate food production sectors. The ultimate
goal should be to balance all development sectors, e.g. tourism, municipal development
and capture fisheries.

So long as this balanced picture of environmental costs is absent, policy does not
reflect farming realities, the prices of food products cannot reflect the real costs of
their production, especially for ecosystems and communities, and both the public
and government receive very mixed messages. Inconsistencies become common. For
example, the recent explosion of aquaculture has led in some cases to overregulation,
while other sectors with a longer history of production have negative impacts that have
traditionally been accepted (Brooks, 2007; Gowing and Ocampo-Thomason, 2007;
Soto, Salazar and Alfaro, 2007).

IS THERE OVERREGULATION OF AQUACULTURE?

The workshop identified two main reasons why aquaculture may be subject to more
regulation than other sectors, at least in some parts of the world. First, aquaculture
is relatively new, and growing rapidly. That growth impinges on established uses
of land and water: hotels, farms, housing developments, industry etc. may already
be established near water bodies where aquaculture is proposed or already being
developed. These previously established activities have already been accepted by
society; adding aquaculture to the picture invites additional scrutiny and criticism.
People have become accustomed to and may even prefer seeing lighted city streets
or rolling pastures, but cages in the sea may not be so palatable. Such preferences can
easily affect government policy.

Second, farming and other terrestrial development often use private land with well-
defined boundaries and access rights. The aquaculture ventures that are most often
criticized or heavily regulated are marine and coastal operations located on common
property where boundaries and access rights are less well defined and impacts more
difficult to contain.

There may also be misconceptions regarding the science on which regulations are
based. For example, use of certain pesticides is highly restricted in the United Kingdom
of Great Britain and Northern Ireland, but these pesticides have been shown to have
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minimal effects in that country (Gowing and Ocampo-Thomason, 2007). Nutrient
inputs are also regulated in waters of the Pacific Ocean around Chile and also around
the Canada/United States of America border. However, some studies have shown the
specific nutrients being regulated to have little adverse impact in these environments
(Brooks, 2007; Soto, Salazar and Alfaro, 2007). Thus, the industry may feel that
regulation does not always address the real causes of environmental perturbations.

Despite these controversies, there is no question that environmental effects have
been identified and all food-producing sectors need to mitigate them. Industry needs
to be aware that the costs of avoiding or pre-treating hazards are often much lower
than the penalties for non-compliance or the costs of cleanup or rehabilitation (e.g.
mangrove replanting; Brooks, 2007; Soto, Salazar and Alfaro, 2007).

EFFECTS OF ECONOMIC AND TECHNOLOGICAL GROWTH AND PUBLIC
PERCEPTION

The workshop discussed whether economic growth is a prerequisite to managing
environmental issues and mitigating adverse impacts (Brugere, Soto and Bartley, 2007).
The relationship between economic growth (national income) and environmental
degradationorsomeofitscomponents(e.g. pesticideuse) canbe expressed mathematically
and suggest that pollution associated with production activities decrease after a certain
level of income has been reached. The relationship is complicated, however, and is
affected by technological progress, relative energy prices and the presence of adequate
and well-functioning institutions (Brugere, Soto and Bartley, 2007).

Another aspect complicating analyses of environmental costs is that food production
systems keep changing; intensification and the use of genetically modified plants and
animals are good examples. Change in the industry means that government and public
perception and acceptance of farmed products are changing too. The rise in popularity
of organic products, the controversy over the health and environmental effects of
farmed salmon in some developed countries, the reluctance to use genetically modified
fish in aquaculture, and the increased value being placed on native biodiversity are all
examples of attitudes that are anything but static. In developed countries, cost may
not be the most important factor: although consumers often express a preference for
inexpensive food products, the rise in demand for organic products indicates that some
people are willing to pay more for a product they perceive to be more environmentally
or socially friendly. Therefore, there should be periodic reassessment of models and
analyses that compare trade-offs between environmental impacts, consumer preferences
and production efficiencies.

THE NEED FOR COMMUNICATION

The pace of technological and social change implies that good policies on the
environmental costs of food production can only come about where there is good
communication. Misconceptions concerning the impact of certain effluents, the
overregulation of a sector because it is the most recent, the failure to appreciate the
cost-savings of early prevention of adverse impacts, the failure to place adequate value
on biodiversity and ecosystem services, and the changing nature of food production
are all issues that demand the sharing of information. That information will need to be
packaged for three key groups: policy-makers, farmers (including aquaculturists) and
consumers. A key component of that information will be provided by the methods for
economic and environmental analysis discussed in the following section.

COMPARISON OF THE EXISTING METHODS FOR ASSESSING ENVIRONMENTAL

COSTS OF FOOD PRODUCTION

The workshop identified numerous problems that arise when one attempts to compare
environmental costs of different food production sectors. These problems stem from:
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e the many differences between terrestrial and aquatic environments;

e differences in patterns of ownership, e.g. terrestrial areas are often privately

owned while aquatic areas are often common property;

e the huge diversity of farmed products;

e the need to choose a functional unit for comparison, e.g. kg of protein, energy,

contribution to daily nutrient or energy requirements;

e the difficulty of translating impacts into monetary units;

e the diversity in farming systems within a given sector, e.g. feed-lot to free range

livestock, and small-scale extensive to super-intensive aquaculture;

e the influence of management practices on environmental impacts and costs of

production; and

e differences in terminology between sectors and disciplines, e.g. “sustainability”

and “cost” have different meanings for ecologists and economists, while “water
productivity” would be defined differently by fisheries biologists and water
management engineers.

Nevertheless, valid comparisons can be useful to address local development and
zoning concerns, global issues of sustainability and trade, and consumer preferences
for inexpensive food produced in an environmentally sustainable manner. The
workshop developed a general framework for assessing the environmental costs of
food production (Annex 3). Although few comparisons have been reported, they
can be done when the systems are well defined and data are available (Brooks, 2007;
Brummet, 2007; Gowing and Ocampo-Thomason, 2007). Biophysical methods have
a history of use and corresponding data on energy equivalents of certain activities
that can be linked to methods such as Life Cycle Analysis (LCA) (Mungkung, 2007;
Tyedmers and Pelletier, 2007) and material and energy flow analyses (Prein, 2007;
Haberl and Weisz, 2007) to allow comparisons of different impacts or costs.

A wide range of methods has been developed in order to assess environmental
costs of development (Table 1). Each has its own strengths and weaknesses. Because
environmental valuation is often omitted in analyses of any of the food sectors, many
of the “external costs” referred to earlier are presently not well accounted for in these
methods (Barbier, 2007). In order to be useful to FAO and decision-makers, methods
to assess environmental costs must not only include these externalities but should also
be scientifically-based, comparable across different sectors, expandable to different
scales, practical to implement and able to produce results that are easily understood and
interpreted. Satisfying all these criteria will be difficult; trade-offs and combinations of
methods will need to be made.

The workshop concluded that none of the existing methods captures all of
environmental impacts and costs of food production. With the possible exception
of Environmental Impact Assessment (EIA) and Cost-Benefit Analysis (CBA), few
decisions can be made using a single method. However, many of the methods can and
should be used together, and various combinations may be fruitful. For example, LCA
and Material Flows Accounting (MFA) can first identify key sources of pollution,
then environmental valuation and CBA can be applied to the specific environment or
commodity to determine which development path to take.

Existing legislation often specifically mandates the use of EIA. Although EIA is
better than nothing (and in many cases there really is no assessment at all) it may be
inappropriate or incomplete in some circumstances. Risk assessment (RA, see Brooks,
2007) is another method that may also provide incomplete analyses. These two methods
used alone usually do not include environmental valuation criteria, and it would be
preferable to complement them with other methods that include multiple criteria and
environmental valuation. There are some issues common to all methods: the need for
accurate information, the problem of assigning values to un-marketed goods such as
environmental goods and ecosystem services, and the problem of biased analysis.



Comparative assessment of the environmental costs of aquaculture and other food production sector

SAllBWIOUI BJow
3 p|jnom Ayaidnpoud
Aieipua) 1o Aiepuodss

0 siskjeue sased awos

ul ‘sishleue ddNVH 404
as1uadxa paywi| ‘sebueyd

awi} ssoe
pue suoibal 'sa|eds JUIa44IP
1e 9|qeedwod ‘Joyedipul

asn pue| Aq pasned
ABisus d1ydouy jo

|e3160]029 [ed0] d1yads pasndoy Ajjed160]0d3 ‘abueyd Smo|4 [ed160]029 (ddNWVH)
AEILIEMI]] SS9IpPE 10U SS0pP pue J0OJ S9SNED J|WOUO0ID SUIWEXD ul sabueyd uo AyiApNpoud
01 }MIHYIP spedwl qLIDSIP 30U S0P ued ‘abueyd asn pue| "6 paseq s} Arewid 19N jo
‘91ed1uNnWwWwod !SJUSWIUOIIAUS dl3enbe ‘uosiiedwod 1oy d1siels a|buls |PIUSWUOIIAUD 43 'v3 uonendoiddy
0} Ase3 wnipa ybIH 10} padojansp ||om 10N e Oju|l uolewJojul sa1ebaibby JO JoledIpul Uy YYIN YiM pasn aq ued uewnH
‘uondwnsuod |any
JO $129}49 [BIUSWIUOIIAUD
9y} 404 JUNOddE J0U
saop ‘abueyd [|im 1eyy SELCTN] R
anjeA }a3Jew e sey 3|qesedwod ‘eyep pue sishjeue
(1any) ABisua asnedaq 10 A1o1s1y poob ‘uosuedwod \%:p)
auole 3 uo apew pauoinsanb s sdueas|al J0yJ 101295 9y} Jo syusuodwod uoipnpoud yum Ajuejuswsjdwod
9Je SuoIs|PIP 1101295 9y} 4o ainpid J9Y10 91 Jo} Axoud e st ydoiym  pooy ul pasn Abisus pasn pue y4|A 03Ul (v3)
M3} ‘pooD ybiH ybIH 919|dwodul ue sjuasald ‘aunseaw 9|buls e sdNPOId  [9Ny |Iss0) saulwex]  pajesodiodul aq pjnod  siskjeue ABiaug
s9|eds Auew e
'sjod0304d  swa)shs 03 a|qedijdde
pJepue}S YLM |00} UMOUY-||SM  SSI1IAIIDE DILIOUOID (OI) s|jepow
9oe|d pue ‘fousiys |ed160]039 snoidwi UMM paleidosse ndinonduy
awiy ul uiod diydads e je 0} pasn ‘adeds pue awi} J9AO SMO|4 [ed16ojolq 1oy sishjeue ABisus vy pue ‘@duejeq
sMmo[} Jo ainyid joysdeus uonewJojul sjgesedwod SJUNO2de s|elialew ‘v13 Buisn syuswssasse sse|N ‘(V4IN)
!5129}49 |BIUSWUOIIAUD 9@>npoud ued syndino pue Ao Jo 1ndino pue 919|dwod aiow Buirunody
poob Aiap ybiH ybiH 179|424 10U sv0Q syndut Jo sjand| salyluend Indul saujwexy spJemoy dais 15 v SMO|4 [elialel
(30U S13Y30 5101295 ‘spoedwi pue
(s1o1edipuy  OWos 03 Ajdde sysis awios) spJiezey saljnuapl ‘aaneijenb siskjeue
|euswuolAuz)  OSh dizeledwiod payu| 3q os|e ued 1nq aAneluenb £11d1x01 Ul pasn Ajapim
oo} padojanap aq 03 ‘sdeb abpajmouy 9q 01 sydwane :spedw| sassadoud ‘Buipueisispun pue
Buryew-uolsiap sypadse pasu sainseaw 0} aNp s91ewWiIsd pue SMO|} |PIUSWUOIIAUD |EIUBWUOIIAUD uoledlyuspl piezey
se uofe|siba) ul |eanpa>oud aAneluenb pue syuawabpnl Jo Bulpuejsispun Buipueisispun Joj spoyiaw Jaylo  (vy) siskleuy Jo
pazijewJoy ‘poon 10y ybiH “Juasaud 1e s|qeliep aAnlelenb uo saljay 1911399 0} $91NqlI3u0D Jo4 [00] ||e uidiapun pjnoYs  JUBWISSISSY sIy
syedw| 9dnpad
01 pafoud jo ubisapal smoje
sauljpesp BIep 331dIRWI  re3edu| pue spaezey saipuSP
uone|sibs]  juswdojansp 01 anp 031 Moy Yiim swajqoid ’ L ’
|euoneu ui pue paulel1suod-aWi] ‘suosiiedwod 10} siskjeue
Bunjew-uoisap suoibal ‘5101085 US40 ‘elep 4O e J101e21pUl 3dUBWIONSd Ayaisuas uj pasn aq ued pue (v13)
ui Apuauiwoud ssose Aien Aew 01 anp Auiensdun a|buis e apiroud 1ou el 3|dinw uo paseq J1p0ads 1USWSSISSY
sanbiy 1nq (2doung 0 510] {(MO] 0} S90P 513D O SO !ssadoud -a)s ‘anndudsap Pedw|
ua}40 !poon '6°9) ybiH ybiy Aian) sjqeriep  -aped Aynuenb jou ssoq  juasedsuely pue Buluueld dignd ‘paseq-pafoid vy ‘vad |eIUBWUOIIAUT
A mu_csEﬁMu spoylaw jo 6 6 £ spoylsw
pue :o_ﬁwﬁmmw uonezipiepuers anobu diynuans SOSSaUN eI\ sypbuans sainqule Aay 19430 03 saBEYUN poyls N

sisAjeue 150D [EJUSWIUOIIAUS J0} SPoYlaw jo uosiiedwo)

1 379Vl



Workshop findings

HMIPIP
uoned|dde saxew
spoob a|qeladiew

-UoU pue SIS
pue spoob
|EIUSWUOIIAUD
Jo uonenjea
Buipnpui
!pooisispun pue
palediunwwod
Aj1sea synsay

ad1poeud ul Jou
ua140 1ng ‘Auosyy
u| pazipJepuels

uonebaibbe
Burinp uoizewioul
1Mjod aq Aew
pue Aseiyige aue saield

JUNODSIp ‘passaJppe jou

sanssi Alljiqeureisns wia}

Buo| Ajjewou ‘papnpul

10U S| JUSWUOIIAUS U0
‘Pipaid 01 piey sabueyd
uopuny |ed160j029

‘aulwialap 01 piey

ybIH S9N|eA [BIUSWIUOJIAUT

swia1sAs uoipnpoud snolea

J0 dd>uewioiad dAlle[D4 DY} JO
sainseaw 31ebaibbe apinoid
anjeA juasald 19N pue oizes g/

‘uojyew.oyul

SIY} MOU3| 0} JUBM pue pasu
S19)ew-uolIsPap 3daduod yum
Kyuieljiwey pue Aioisiy buoj

‘spoob

a|geladjJew-uou Buipnpul
‘uollew.ojul Jo sadAy Auew jo
dAISN|pul AIBA 9 ued !swidlsAs
uonpnpoud sisedwod ued

$10129S JUBIBHIP
IAI1DB JO }|Nsal
19U asedwod 01 VgD
ul pasn sanbiuyday
aJe bupid djuopay
‘Aed o3 ssaubuljjim
‘uonenjea
1uabuiuod ‘69
‘spoob a|qeladiew
-uou Joy ‘ssnbiuyday
uonen|ea sasn

V4N
'v21 'v43 'v3 'vY 'vi3

(v4D) 53502
_mwcwECO‘_;Cw

Buipnpul
‘siskjeue
11J9uUaq 150D

noyp

9q Aew epayd
9|di3jnw uo
uofedIuNWWod
‘suosliedwod

o1ads 4oy , ¥

‘pazipiepuels
|l 10U
uoipnpoud pooy
Y3IM paledosse
sali0b6a1ed
edwi diynads
‘suosedwod
91eyl|dey pue
syuswalinbai
ejep 9dnpal [|[IM
VD1 Bulujweauys
‘EVOvL-0v0vL OSI

S9UO Mau dojansp

0} pPaau sny3 ‘swiaisAs
1PNnpoud pooy 01 JueAs|al
99 j0u Aew sa0ba3ed
1edwi pJepuels awos
‘uosiedwod d14ads ayy
104 Pa12NPUOD SS3jUN
9|gedijdde Aj1dau1p J0u
9Je synsau !sased d11ads
Joj 91eridoudde aq 1ou
Kew sio1edipul swos
‘sppedw |ed0| o asuadxa
1e spedwi |eqo|b ssaippe
S}|nsaJ Isyun |euoiduny
1UBJ3JIP 95N $3IPN]S BWOS

s1ybisul

juens|aJ-Aoijod apinoud ued
!(sa113s 0ZOvL OSI) SIdWNSUOd
Joy suolsap buiseydund
poddns 03 elayd buljaqe|
-029 dojansp 01 poylaw

dISeq SO1IBUIS USSP pue
SaAlleUId} e /s9ssad04d/spnpoud
usamiaq asedwod ued ‘eyep
Paom snoinaid uo pjing ued

‘pazniond pue

spedwi [eqo|b

03} Uol3nglIIuod
|ennualod
salylauenb ‘sisAjeue
eldId a|diynw
‘anpdadsiad (anelb
01 3|pe.d 10) ylies
-03}-ypea ue yum
“Juswssasse pedwl
|EIUSWUOIIAUD
pajualo -1npoud
‘swa3sAs uoippnpoud
pooy jo spedwl jo

V|3 91eJo0qe|d

(v21) sishjeuy

aujjweals, ued ‘69 ‘ybiy Aisp ybiH  syuswaiinbals eyep abiue 7 pal4IuUSPI 9 0} SpJezey SMO||Y sbueu e saulwexy 2Jow 404 'v3 ‘V4IN EIS I
|enba pue snousabowoy
Se SJUSWUOIIAUD [|e s}eal)
J13s11eys payebaibbe
!SJUBWIUOIIAUD d14Dads
Ul 199443 d14123ds
s1e1qey buowe ssaippe 10U mmw“u ..mwuwtm
S9dUIBYIP 10 speduwi noge AyAoe uanb
|EIUSWUOIIAUD UO uonewoul Siypads e poddns o0} papasu
sdeb abpajmouy wt_>oE 10U mwo.v >1em eale JO aunseaw
Aq paulensuod : s109)49 pajebaibbe e o} speduw |e
sl uonedidde ca_io__w%ch_mw_m%mc%wmm /aAIe|nWNde sapiroid S}U9AUOD !s311IAIDE synsaJ
‘payaididrul-siw m:w mucaﬁﬁw co_.ﬂn:vwa !(Awouods |euoljeu e uojsuo  uewny o AusanIYd V4IN udsaid 01 pasn
9 ued Jo pasnsiw pooy 0} suoneddy 01 [enpIAIpuUl Ue Joy Julidiooy -029 ssalppe 0} 9q os[e p|nod (yD1 ul
U310 SI J13S11e3S T e ‘6°9) so|eds pue s|ans| Auew  d13si1els 9|buls e ojul pasn syun 9|di}nw o
1NQ ‘91edIUNWWOD 'SMO|J 01 paijdde aq ued ‘uosiiedwod spedw) arebaibbe uonebaibbe) indur ue (43) 1ndioo4
0} Ase3 MO MO ||e @pnppul 30U ss0Q J04 Jo3edIpul 3|6uls B SapINOId 01 poyis N se pasn aq p|nod v |ed160]023
Amngedrunwuioy spoylaw jo spoylaw
pue uonedidde pouiaw 4 AnoBu diynuans S9SSOUN eI\ syibuans sainque Aa)) pous poYyIsN

jo ase3

uonezipiepuels

13yyo o3 sabeyur]




10

Comparative assessment of the environmental costs of aquaculture and other food production sector

The workshop noted that application or interpretation of the results of any of these
methods could be affected by development context. A developer who is responsible
for cost analysis certainly has a stake in the results of the analysis. However, bias is
spread between all parties (including academics industry and conservation groups)
— which is why methods and their environmental, social, and economic results need to
be reviewed by a multidisciplinary team.

IDENTIFYING THE MOST IMPORTANT IMPACTS
The methods provide a basic framework for analysis and impact assessment. An initial
step in the framework is the identification of the hazards or adverse impacts for the
sectors where valuation of environmental damage is to be compared. Those hazards
or impacts need to be described in terms of probability and consequences. It is clearly
important to choose impacts that will provide the most useful comparative analysis.
Impacts can be classified using the following criteria (Brooks, 2007):

e amount of adequate data to address the issue;

e probability of the hazard or impact occurring;

e consequences if it does occur; and

® level of confidence in the analysis, i.e. level of uncertainty.

Using these criteria, a suite of potential hazards can be narrowed down for
comparative analysis. This is similar to standard procedures in risk analysis.

KIND AND MAGNITUDE OF ENVIRONMENTAL COST
Environmental impacts produce consequences or effects that can be translated into
costs when they result in a loss of welfare (Table 2). This allows for their incorporation
into the analysis of the financial benefits or losses of the activity they are related to.
Environmental economists classify such costs as follows (Knowler, 2007):
® private costs (cost of the damage to the activity itself, e.g. damage to production);
e external costs (primarily to the environment, including abatement costs, costs of
adapting to external costs, residual damages after control measures are in place);
® user costs (damaging for future uses); and
e rehabilitation costs.

TABLE 2.
Terminology
Term Definition Example
Impact The force of the impression of Amount of Nitrogen discharged from a

one thing on another

farming system

Consequence or effect

Something produced by a cause
or necessarily following from a
set of conditions

Decrease in fish diversity caused
by increased Nitrogen levels in the
watershed

Environmental cost’

Loss or penalty incurred
especially in gaining
something. Environmental costs
are those losses resulting from
environmental damage

Decrease in Total Economic Value
(Brugeére, 2007) of the local water body
as a result of change in fish abundance
(change would include decrease value

of any fishery, i.e. direct value, and

any decrease in the indirect value, e.g.
aesthetics, ecosystem service, or culturally
important species)

Sustainability

Sustainable development is development that meets the needs of the present
without compromising the ability of future generations to meet their own
needs.? Definition has been modified to stress that economic and social
factors are now key elements of the concept

Source: from Merriam-Webster Online® except where noted

Theoretically, this should be “societal costs”, i.e. costs to the society (or people) as only people can

value things or experience a loss in welfare and well being through environmental degradation; it can be
understood as the costs resulting from environmental damage

2 UNGA, 1987

http://www.m-w.com
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In comparative environmental cost analysis it is important to define the scale and
scope of the system analyzed, including outstanding issues and the overall purpose
of the analysis. Results of analyses need to be placed in the proper perspective, i.e.
the results need to stated in terms of real changes to the environment, so that the
consequences of different comparisons can be estimated (Knowler, 2007). Simply
reporting the presence of X kg of Y nutrient in Z environment is meaningless unless the
environmental consequences of the inputs are specified (Brooks, 2007). Analyses need
also to include information on the consequences to the environment and a valuation of
the resulting loss of ecosystem products and services — a complicated task that is rarely
undertaken.

CHOOSING UNITS FOR COMPARISON

Comparative analysis requires normalization of the unit of assessment (Brummet,
2007; Mungkung and Gheewala, 2007) as well as the scope of the consequences to be
contemplated. For example, LCA usually examines global consequences and therefore
may be unsuited to determining impacts on a specific ecosystem. Analyses have often
reported production as simple kilograms of product, but a kilogram of shrimp has
very different nutritional and monetary values from a kilogram of chicken and corn.
Some candidate units that these data could be converted to include edible output, crude
protein or digestible energy equivalents (Brummet, 2007; Mungkung and Gheewala,
2007).

However, farming is above all a business that produces food to generate money.
Farming systems that produce a high value product may be able to produce less while
meeting economic objectives (thereby using less inputs); they may also be able to meet
production objectives using intensive systems with minimal effluents, thereby having
less environmental impact than extensive systems grown over a large area to produce
a large amount of low value product. When comparing such sectors, conversion of
product and costs into monetary units may be advisable. It is also important to keep
in mind the overall objectives of the farming system, especially when comparisons of
environmental costs are being made. For example, farming can increase food security,
but the money it also generates can buy more food as well.

TRADE-OFFS AND FAIR COMPARISONS

Many things cannot be usefully (or fairly) compared because of the differences in
the commodity or the environment in which it is produced. Thus comparing the
environmental costs of producing beef from a feedlot in Chile with production of
tilapia in Thailand would be pointless for national policy-makers, but might be relevant
for consumers who wish to know which production system has a greater influence on
climate change.

In comparing aquaculture and livestock, the feed used by both sectors has a strong
influence on their environmental costs. For example, the environmental costs of
salmon farming become high when the costs of catching fish and processing them into
fishmeal and fish oil are included, because wild populations of fish are reduced and
energy expended in catching and processing them. Similarly, the water and fertilizer
requirements for beef production are high when the costs of producing feed are
included because the water is lost to other uses or ecosystem services, and production
of fertilizer expends energy.

Comparisons should facilitate the kinds of real choices policy-makers and the
consumer need to make. Decisions at the national and local levels will justifiably be
based on societal needs, priorities and preferences (CBD, 1994). There will usually be
trade-offs between economic gains and environmental costs and therefore a need for
multicriteria decision analysis methods that prioritize benefits and costs (Mungkung
and Gheewala, 2007). In such analyses, methods that include a suite of characters (e.g.
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LCA, MFA) rather than aggregated single measures or indices (e.g. ecological footprint
and CBA) will generate more accurate comparisons.

INFORMATION AND COMMUNICATION NEEDS

Comparative analyses will require extensive information on farm production and
effluent, material flows, prices, biodiversity affected by farming, ecosystem products
and services and economics. Some of this basic information is available free of charge
over the internet or by request, for example the FAO databases on livestock, fisheries
and aquaculture production, land use, and food balance sheets. FishBase* contains
information on most of the world’s fishes. Other information is available for a fee, e.g.
Ecoinvent’ or satellite data. Information on local biodiversity or production on private
farms is often non-existent or difficult to access; for example, information on illegal
farming practices such as the use of banned drugs is crucial to impact analysis, but by
its very nature is difficult to obtain. There is usually a wealth of useful information
in government files or in older literature that is often forgotten or not published in
popular or scientific media; some comparisons could be made through specific desk
studies using this grey literature.

A distinction must be made between simple lack of data and the uncertainties that are
either contained within the data that do exist or inherent in the task of making predictions
about far-flung biological effects. An example of the former would be information gaps
on the carrying capacity of coastal ecosystems, or levels of effluent from various types of
farms. An example of the latter is in the basic values of environmental goods and services.
This is partly due to differences of opinion on how to assign values to intangibles such
as endangered species and ecosystem services; nevertheless, data are accumulating
to indicate that these services are very valuable (Barbier, 2007). Information from
biophysical analysis does exist and there are additional sources of information that
can be used in evaluating impacts and costs. More fundamental uncertainty would
surround the long-term ecosystem consequences of environmental impacts, the area of
uncertainty judged by the workshop to be the most serious.

It should be recognized that a “complete” set of all the relevant scientific information
will never be available and that comparative analyses may need to be done with the best
at hand. We already have general knowledge of production systems, their probable
outputs and possible effects (Brummet, 2007) and should not let the incompleteness of
such information stand in the way of analyses of food production sectors.

After analyses have been completed, results will need to be communicated to a
variety of groups. These include:

* policy-makers (to establish environmental regulations, environmental impact

mitigation measures, and for zoning of aquaculture/agriculture);

e farmers (to help plan production, understand and comply with environmental

regulations, and implement good management practices); and

e consumers (to help make informed choices on food production and drive

appropriate policy and farming practices).

Each of the above groups has different backgrounds, mindsets and agendas, so the
language and vehicles used to communicate research results will be different for each.

* http://www.fishbase.org
* http://www.ecoinvent.ch
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A potential role for FAO

It is only recently that FAO in general, the Fisheries and Aquaculture Department
and the Animal Production and Health Division® in particular, has begun to analyse
the environmental costs of food production. While environmental impacts continue to
be studied and separate work has been started on aquaculture economics, the actual
valuation of environmental goods and services, and the merging of these fields to
present a comprehensive picture of an industry or to allow comparisons among sectors,
has not been undertaken. It is abundantly clear from the above summary of workshop
findings that work in this multidisciplinary and multisectoral field would help make
food production more sustainable; it is also clear that it will not be easy.

FAO is well positioned to provide advice on many aspects of this emerging field.
Participants of the workshop recommended that FAO assist in advising members
about the known impacts of all food production systems and facilitate access to
methods, information, analyses and policy that would help minimize adverse impacts.
Some specific examples of potential FAO actions include:

e Facilitate the development of analytical methods. While methods exist for
environmental impact assessment and environmental economics, these disciplines
have not been merged to allow environmental cost comparisons between sectors.
The methods listed in Table 1 can be used together with specific data sets to
make such comparisons. FAO can help promote the use of these combinations
of methods and help decision-makers incorporate outputs of the analyses into
national policies.

e Improve awareness and use of the methods of environmental valuation on the
part of researchers outside the field of environmental economics.

e Establish a framework for data collection and build standardized databases
while promoting access to those that exist. FAO could be a repository of
relevant information that is standardized to facilitate assessment and comparison
of environmental costs. As a first step, the workshop recommended that FAO
collect relevant and existing bibliographic information and data sources and make
the information widely available.

* Provide guidance on incorporating environmental cost analysis into the
ecolabelling of fishery and aquaculture products. FAO has ongoing work on
labelling of fishery and aquaculture products, including guidelines on marine
fishery products (FAO, 2005). This work should be extended to include
environmental costs.

e Demonstrate recommended methods by using existing data from higher profile
activities. FAO Fisheries and Aquaculture, Agriculture and other interested
Departments could develop case studies and compile a multidisciplinary team to
carry them out. This would also include evaluation of methods and comparison
of results using different methods. Such studies will require economic and human
resources but will have the added benefit of improving capacity and expertise
within FAO.

* Develop technical guidelines on environmental cost analysis and comparisons
in support of the CCRE Such guidelines could focus on the aquaculture sector

¢ Steinfeld, H., Gerber, P, Wassenaar, T., Castel, V., Rosales, M. and De Haan, C. 2006. Livestock’s long
shadow — Environmental issues and options. FAO, Rome.
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with its diversity of species and farming systems, but could also extend to
comparisons with other food production sectors including capture fisheries.

e Improve policy to include environmental costs of food production. Current
policy often does not take into account the full costs of food production. FAO
could help expand the policy discussion to include environmental valuation,
social impact and environmental impact assessment. Policy or legislation could
be modified to extend required analysis beyond simple environmental impact
assessments by linking EIA with other economic methods.

e Provide leadership by encouraging governments and industry to think and
act holistically. Beyond the farm and local watershed there is a lack of awareness
and knowledge of impacts and associated costs that accumulate on a regional or
international level.

e Improve communication and awareness of the value of environmental cost
analysis. The value of ecosystem goods and services and other externalities are
often not considered in evaluation of food production sector.

e Continue to stress the value of good management practices in terrestrial
and aquatic farming systems. Impacts of individual farms will depend on
farm management practices. Proper farm management will be one of the single
most effective measures to reduce environmental impacts and costs. Incorrect
application of therapeutics, overfeeding, careless waste-disposal and improper
containment of animals or fish will increase adverse impacts regardless of the
system being used.
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Annex 3

Proposed framework for case
studies that examine the
environmental cost of food
production

Valid comparisons between food production sectors or within a sector can only be made
when their scope and objective are well defined. There could, for example, be different
approaches to the analyses depending on whether the comparison is at the local or
macro level of development. Here we examine the elaboration of a framework for
analysis and decision-making using a case study that compares tropical marine shrimp
farming with rice production. This type of analysis is required when zoning questions
are involved, i.e. when it is necessary to choose between activities that compete for the
same space (shrimp pond vs rice field). At the local level, case studies like this one could
thus help regulators choose between different zoning options — in this case deciding
how much area is dedicated to shrimp farming or to rice production.

A three-part framework for analysing local level case studies is proposed. The
framework includes: definition of system boundaries for comparison; assessment of
environmental impacts; and evaluation of economic and environmental costs.

Definition of system boundaries for comparison

A broad approach should be taken to ensure that upstream and downstream flows,
as well as inputs to and outputs from the system are included in the analysis. The
production of feed and seed used by the system is particularly relevant to the definition
of boundaries, and impacts related to their production or collection should be traced
back to the source and the associated environmental costs included in the analysis. For
example, wild shrimp larvae collected from remote areas should be considered in the
analysis; if larvae were produced in a hatchery from domesticated broodstock, there
would be different environmental impacts and costs.

Assessment of environmental impacts and effects

The techniques appropriate for assessing the environmental impacts of the production
activity are RA + LCA + EIA. It should be noted that EIA is limited to the assessment
of impact but does not quantify the ecological consequences of this impact. For
example, ETA will quantify the amount of a pollution discharge (impact), but not the
resulting loss in biodiversity (effect or consequence). Since the end result is a modified
environment which is not as good as it used to be before the impact, compensation
or reduction in pollution effects are likely to be demanded; both measures depend on
evaluation (see below).

Evaluation of economic and environmental costs
Once the impacts and effects of a given production system are determined, environmental
cost analysis would evaluate the actual costs of those environmental effects for
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economies and for individuals. CBA would be applicable here but its results will
depend on the system boundaries defined, and on the perspective from which benefits
and costs are accounted for (the “accounting stance). For example, the private and
public accounting perspectives differ with regard to the extent to which the pricing of
products reflects market factors or social and environmental costs.

Relevant categories of costs to be considered here have been defined by Knowler
(2007) and include:

® external costs, primarily to the environment, such as abatement costs, costs of

adapting to external costs, and residual damages after control measures are in
place;

® user costs such as local social costs corrected to account for overall losses of

welfare incurred from environmental degradation; and

* rehabilitation costs based on the life of a shrimp pond or rice paddy and their

rehabilitation them to pre-farming conditions.

The framework outlined above can be used to decide between rice or shrimp
production in a specific location. It could also be used in similar situations where
production systems compete for the same space/land or where specific impacts are to
be avoided.

Rice and shrimp are difficult commodities to compare, and the scenario described
above looks at comparisons from the perspective of land use. Comparisons could
also be made for other commodities using different criteria, such as substitutability of
products in the market place. For example wild-caught salmon retailing at CAN$30/kg
could be compared to farmed salmon at CAN$20/kg to examine how price influences
consumers; farmed catfish and poultry would be another comparison of similarly
priced items. The environmental impacts may be different depending on the amount of
product purchased by consumers.





