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Abstract

Purpose of Review The 2013 Australian Dietary Guidelines (ADG) have been criticised for making only brief reference to
sustainability considerations. With the ADG currently under review, the purpose of this rapid review was to determine the
environmental impacts associated with food consumption in Australia and New Zealand.

Recent Findings Of the 20 articles included, greenhouse gas emissions (GHGe) were the most common environmental
indicator (n = 12), followed by water use and water footprint (n =7), and carbon footprint (n =3). Whilst there are common-
alities between different environmental indicators such as the large impact of discretionary food consumption on GHGe,
cropland scarcity footprint, and water scarcity footprint, there is wide variation in these indicators for other food groups.
Furthermore, modelling of current food consumption data to the recommended diet does not necessarily result in improve-
ment of all indicators.

Summary The next iteration of the ADG should promote consumption of foods and dietary patterns that are associated with

positive health and environmental outcomes.

Keywords Food consumption - Dietary patterns - Environmental impacts - Sustainability - Australia - New Zealand

Introduction

"The pressures we exert on the planet have become so great
that scientists are considering whether the Earth has entered
an entirely new geological epoch: the Anthropocene, or the
age of humans. It means that we are the first people to live in
an age defined by human choice, in which the dominant risk
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to our survival is ourselves.” Achim Steiner, UNDP Admin-
istrator (pg. 7) [1].

Current food production methods and consumption pat-
terns are unsustainable in supporting human and planetary
health [2ee 3¢ 4]. It is estimated that 21-37% of the total net
greenhouse gas emissions (GHGe) [3e, See] are a result of
the inputs and actions required to sustain the current global
food system. The 2019 Intergovernmental Panel on Climate
Change (IPCC) [5ee] quantified that, on average, 16-27%
of global anthropogenic emissions were a result of actions
and inputs from the food system up to the farm gate (i.e.
food production), while the remaining 5-10% were post-
farm gate (i.e. food processing, consumption, and waste).
Therefore, factors across the whole food chain are important
to consider. Fifty percent of the world’s habitable land is
used for agriculture [6], and 60% of terrestrial biodiversity
loss is related to food systems [7]. Furthermore, an estimated
two-thirds of freshwater withdrawals are for irrigation [8].
Changes to the food system provide critical opportunities
for solutions to help mitigate climate change, as recognised
by global bodies [2ee, 9]. International goals that aim to
achieve such solutions include the United Nations’ Sustain-
able Development Goal number 12 (Ensure sustainable
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production and consumption) [3e, 4] and the 2016 Paris
Agreement on Climate Change emission targets [10], to
which Australia and New Zealand (NZ) are signatories. The
most recent 2021 IPCC report signifies a code red warn-
ing that immediate change is required to mitigate climate
warming that is likely to reach 1.5 °C above pre-industrial
levels between 2030 and 2052 if it continues to increase at
the current rate [11ee].

Undoubtedly, both food production and consumption
practices need to shift to feed the predicted nearly 10 billion
people by 2050, to achieve human health within finite plan-
etary boundaries [2ee]. The EAT Lancet report published in
2019 has drawn attention to more sustainable dietary prac-
tices required to meet this challenge and coined the term
“The Great Food Transformation” [2ee]. Within countries,
recommendations about the food and dietary patterns asso-
ciated with health are provided by evidence-based dietary
guidelines, with pictorial food guides often used to translate
dietary guideline statements into practical advice for con-
sumers [12]. Despite attempts to incorporate environmen-
tal sustainability, the 2013 Australian Dietary Guidelines
(ADG) have been criticised for making only brief reference
to sustainability considerations in an appendix [13]. In
comparison, the recently updated NZ Eating and Activity
Guidelines for NZ adults have considered environmental
sustainability [14]. With the ADG currently under review,
it is timely to consider the environmental impacts associated
with food consumption in Australia.

One approach to contribute to meaningful debate on prac-
tical and holistic policy changes, including the development
of dietary guidelines, is to consider both the health and envi-
ronmental impacts associated with consumption of foods
and dietary patterns [15, 16e]. The aim of this rapid review
was to assess the environmental impacts associated with
food consumption (both actual and apparent) in Australia
and NZ. Due to the shared food standards between Australia
and NZ (Food Standards Australia and New Zealand), and
the close geographical proximity of the two countries that
facilitates food trade, the environmental impacts of food con-
sumption in both countries were assessed.

Methods

The rapid review protocol was registered with PROSPERO
(CRD42020221623). Exposures of interest were actual and
apparent consumption of individual foods, food groups, or
dietary patterns in Australia and NZ. Outcomes of inter-
est included but were not limited to, land use, water use,
biodiversity loss, and GHGe (Appendix 1). Search terms
were developed to reflect the Populations, Exposures, and
Outcomes of interest. Keyword searches were executed
across four databases (Environmental Science Index, Web

of Science, Scopus, and Medline). A grey literature search
using Google with country filters was also conducted using
a reduced number of keywords.

Database searches were limited to the English language
and primary studies, reviews, and reports that presented data
from Australia and/or NZ were eligible for inclusion. Pub-
lications that included data from other countries were eli-
gible for inclusion only if it was possible to extract relevant
data specific to Australia and/or NZ. A publication limit was
set to the last 10 years (01/01/10 to 02/12/20) to include
publications since the evidence review [17] that informed
the 2013 ADG. The reference lists of included studies and
reports were also used to identify relevant literature.

Results of the database searches were uploaded to Covi-
dence and duplicates removed. Two authors (SF, LG) inde-
pendently screened titles and abstracts of identified articles,
while the full text of those deemed relevant was screened
by SF and EB, and discrepancies were resolved by a fourth
reviewer (KC). Data from the included articles was extracted
by two reviewers (SF and EB) using a standardised pro-
forma with discrepancies being resolved in conjunction with
a fourth reviewer (KC).

Findings

A total of 21,428 unique articles were identified through
database searches (Fig. 1) resulting in 308 full-text articles
being assessed for eligibility, of which 283 were excluded,
leaving 25 articles for final inclusion. An additional two
reports identified from the grey literature search were
included. Due to the heterogeneity of the data extracted only
the following environmental indicators are reported: GHGe,
land use, ecological footprint, cropland footprint, and water
use/footprint/scarcity which meant that seven studies that
did not report these outcomes were excluded. Environmental
indicators not included were phosphorus footprint, nitrogen
footprint, river environments, and energy use. For a glossary
of terminology, refer to Appendix 2.

Table 1 provides a summary of the 20 included articles.
Most articles provided Australian data (n=18) while two
provided NZ data. Over half of the articles examined indi-
vidual foods or food groups (n=15). Of the articles that
examined dietary patterns (n=13), over half also provided
data on the foods or food groups that were included within
those dietary patterns (n=38). There was a high degree of
heterogeneity in the environmental indicators that were used
within the cited studies with GHGe being most commonly
reported (n=12), followed by water use (n=4), water foot-
print (n=3), carbon footprint (n=3), land use (n=2), and,
lastly, ecological footprint (n=2). The following indicators
were additionally included in some of the articles: non-CO,
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Fig.1 PRISMA flow diagram of studies and reports included in the rapid review

GHGe (n=1), water scarcity footprint (n = 1), and cropland
footprint (n=1).

The findings for the following environmental indicators
are described below: GHGe; water use/footprints, and water
scarcity footprints; and land use, ecological footprints, and
cropland footprints.

GHGe

The industrialisation of farming and food production systems
and rising volumes of food waste in landfill has led to the food
system becoming one of the leading greenhouse gas-emitting
industries responsible for one-quarter of total global emissions
[3e, 8]. To measure and compare the quantity of total emissions
from the food industry, many researchers utilise kilograms of
carbon dioxide equivalents (kg CO,e), a metric that accounts
for all greenhouse gases and their relative potential for warming
the earth’s surface over the next hundred years [3e].
Australia’s total GHGe for 2020 was an estimated 510.1 Mt
CO,e [38], and food system-related GHGe currently represent
14.2% of the country’s total annual emissions [30]. Weekly food
consumption based on household expenditure is estimated to be
responsible for an average of 80 kg CO, week™! household ™!
[31]. This estimate excludes other greenhouse gases and addi-
tionally does not consider the emissions related to the act of food
preparation in the home or food wasted. Food waste is estimated
to contribute 6% of Australia’s total food-related GHGe [30].
Using estimates from recent national data on Australia’s
food consumption patterns, the average Australian’s diet is
responsible for a total of 19.7 kg CO,e person™! day~!; how-
ever, the standard deviation varies considerably due to the
highly varied dietary intakes of Australians [28]. The average
estimated GHGe increased by 5.2 kg CO,e person~! day~!
between 1995 and 2011 [27]. These differences over time
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can be explained by (1) an increase in average energy intake
per person between dietary surveys (9400 kJ vs 10,224 kJ per
day) as total energy intake has been found to be positively
correlated with total dietary GHGe (r=0.54 (p <0.001))
[28] and (2) the use of an updated environmentally extended
input—output (EEIO) model in the later study. Despite simi-
lar average energy intakes to Australians, the average NZ
diet (mean 9103 kJ) has lower emissions, with a typical diet
consumed by an adult male estimated to emit 10.1 kg CO,eq
person~! day~! [36] and an average adult diet emitting 6.6 kg
CO,eq person™! day~! [22e].

When the average Australian diet was compared to the
ADG-recommended diet in two studies [18, 20ee], the diets
had similar GHGe (Table 1). Conversely, when Hendrie
et al. [28] compared the GHGe of two other current dietary
patterns to the recommended eating pattern for adults aged
19-50 years, the GHGe was approximately 5 kg CO,e day™!
higher for those adults who consumed a lower quality, higher
GHGe diet (LQHE diet), compared to the recommended
diet. In contrast, those adults who consumed a higher qual-
ity, lower GHGe (HQLE) diet had emissions 6.5 kg CO,e
day~! lower than the ADG-recommended diet. The HQLE
diet comprised less than half the number of serves of dis-
cretionary foods compared to an average Australian diet and
included an average of 0.2 serves less of milk and dairy
foods.

The quantity of GHGe produced by a country is influ-
enced by the composition of the population’s diet. In the
ADG, foods are categorised as core foods (e.g. fruit, veg-
etables, cereals, lean meat, eggs, poultry, dairy) or non-core
“discretionary” foods (e.g. sugar-sweetened beverages, alco-
hol, confectionary, processed meats). Table 2 provides an
overview of the GHGe associated with consumption of core
food groups and discretionary foods. Four studies provided



337

Current Nutrition Reports (2021) 10:334-351

191p JAH =4} uety
9sn pue[ Jomo[ %67 & pey
OMdL "uondunsuod Airep
pue Jooq 0} paje[ar Afurewr
sem SIY L, “osn pue] 1saySiy
oy} 191p JA'H 9Y) pue asn
PpUE[ 1SaMO[ 3y pey 191p §dH
191 AH 2y} 10J 1sy31y
pUE SOLIBUIOS JIIP 91} Y}
JO 1S9MO] 9} ST OLIBUDIS
0OdM.L 2y jo uondunsuod
OTJSOWIOP I0J SN IAJeA\
JUNODOE OJUT USYE)
jou sem 9)sem poo ‘gdH
pue JNH 03 paredwoo
OMdL, 10§ 1oy3Ty sem
OLIBUS JAIP JUIYIP oY)
103 uononpoid ferymoride
woyj AOHO "WIP gdH ®

(poseq-own3o[
9q 0] pawnsse saymnsqns Areq
‘AITEp pUR ‘Jeoul ‘s339 sopn[ox9)

191p (gdH) paseq-iuerd Aypeoy-
(Arep pue ‘s332

“eawr sapnpour) (INH) paxtw AyifeaH-
(DAV) seurpepmy Arejor( uer
-[eNSNY A JO SUONBPUIWWOIAI UO

paseq suroped AIejarp po[[opour omf,

C102-110C SVANN
wolj eep SuIsn paurLIANOp 2Iom

spooj juerd Afuo
Sururejuoo jo1p paseq-juerd
Ayreay pue ‘spooy juefd
pUE [EWIUE JO QIM)XTW B

Jo SunsSISU0D J9Ip POXIW
Ayireay e ‘suxoped Krejorp
IOI)[eay] 0M] JO IO 10
quo 0) urayred Arejarp juar
-Ino s BIRNSNY JIYS Jey)
sa13arens Sunuswordwr

uey) 9HO Ioysiy pue asn pue] sonnuenb uondwnsuods [entut Jo suoneorjdur [ejuawr [ee0T]
19Ip JAH ® Uel} 9OHD IS I9JBM {(OMdL) 191P UQ S19M Yred YT~ -UOIIAUD pue AJ[Iqe[reA. (6100) &1
J9MO[ ® pey 191p OMd.L 9OHD uwraned Arejarp juarn) BI[RIISNY  POOJ JOIIP ) 9JeSNSOAUT O, Apue)
SI0INQINUOD JSAYSTY 0M] XU
) 1M (% 7) 18w uadoIyd pue Jid QUINOQ[IA
pue (%97) Alre( "asn pue[ Jo %06 10} P39J 0] pasn pue[ Jo Teak
9[qrsuodsar st uondwinsuod quuel pue joog 10d sorejooy uoI[IW €'9] sad£) pooj JIomawer,] SMO[] pojeIauad
quue| uondwnsuods pooj 0} puUe S)00]§ ueIfENsNy 2y 10j vlideo A1k JBY) 9OHD) pue 2)sem
pue Jo3q 0) paredwod 9, 1°¢G Jo asn PaJe[aI QUINOQ[JA UI Pasn 1od uayes pooj Arep oy ap1aoid POOJ o) pue ‘OuInoq
I9)em 10YSTY ® sey AIre(] "osn Iajem Jo 19)eM [B10) SanIe3I3 §G/ 01 2Z102-110C (SYANN) £oaIng -[9IA P29} 01 POOJ 2y}
9%¢°97 10} 9[qIsuodsal a1e quie| pue Joog QUINOQIA K1AnOY Teo1sAyd pue uoninN Qonpoid 0 saye) 1 Iojem
uononpoid A1rep yim 10J [)0) SQUUO) UOT[IW [euoneN S,A9AING Yi[eoH uerfen puE pUE[ YONW MOY ‘9T
P9IBIOOSSE IR 9,17 PUB (qUIB] pUB J33q) ['¥ 10 reak 1od eydes 1od asn pue] -SNY 9Y) WOIJ BIep JuIsn poALIdp Juridpooy,, s, auInoqa [81]
uononpoid jeaw pal 0} anp e IDHO 9DHD JO 1 §°() 19A0 10] asn Jorep\ Sem YoM [eG]] Te 30 Joung, Amuenb 0y A3o1opoyiow (8102) Te 10
Pare[aI-pooy JO %86 A[oyewrxorddy  sjunoose uondwnsuod pooq 9DHD Aq 9qyoid 1a1p uelENSNY FRIAY BI[RNSNY © 159) pue do[oadp 0], Apue)
sdnoi3 pooj 1o0/pue Spoo,J suraned Arejorq (s1opedtput
[eyuswuorAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliitehilile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandafqo (Te2K) TOUyINY

(0g=u) so[onae papnjoul Jo Arewwns | 3jqel

pringer

Qs



Current Nutrition Reports (2021) 10:334-351

338

=31 9%0D 3 #—C sem
QDD ur 23uer oy} 1e3ns pappe ur ysiy
SPOOJ pue WeAId JIT ‘SAYLBD ‘SANY00D

suonoNpal Joy)ny
QAIoM I ‘DIZN ) ut
SUOTIEPUSWITIOIT WINTUTUI
) puoAaq pue 9A0QE JUIM
UOIYM SOLIBUQDS ATBJoIp
194jo uf 'SOHAZN 9y Jo
SUONEPUSWILIOOAT WINTWITUTU
) 193U 0) PAYIYS Sem UId)
-jed Sunes ayy uaym 9O
Ul PIAIOSQO Sem UonoNpal
%Y V "(;_Kep 850D 54 8°0)
9%¢1 SunnqLyuod 2)sem pooy
o[qepiose (im | _Kep 970D
3Y 9'9 03 pajenba Ja1p s [npe
7N Teo1dA) v “suorsstu
[enuue [ej0} s,A1UNOd Y}

JO %46 01 JuoreAmba~aq

0] pUnoJ 219m ZN Ul SUOIS
-SIWQ PAJL[RI-IIP ‘SBISIOAO
paonpoid Spooj unm

(SDAZN) SNNPY ZN 10§ sout[apmy
Aoy pue Suneq (HOWZN)
S.I[eeH JO ANSIUTIAl ZN ) Joouwt
0] sa3ueyD AIeSS09U WNWIUTW JY)
199w 0} uondwnsuod JUALIND PAYIYS-

uraned AIejarp pa[jopow auQ

Apms osed ® se pue[edz
MaN Sursn ‘spuan [euor
-BUIOJUT WOTJ UOTJEIASD
B osned Aewl SOUIQYIP

"0’ spooy passasord ATYSIY 10 (%)  PRIPOUId 9DHD JO [AOWAI 600—800C ‘(SNVZN) [ErIXaIUOD YIIYM 0) ISP
spooj passeoord ATySHy pue (%6¢) 103V “K/SCOdOVN T'6 O Koang uontnnN NPy ZN oy oy Surururexs Aq sjo1p lezc]
uondunsuod 339 pue ‘poojeass Jeawr 9jenba j01p ZN o) s WoIJ BIEP UO Paseq JoIp ZN 9FeIoAy- (ZN)  Appusri-oyewrd jo axmord (0202)
WOIJ 2I9M SUONINQLIUOD JSAYSIY Y],  PIJBIOOSSE SUOISSTI [BNUUY 9DHD utoped AIeIoIp JUalIn)  Pue[EYZ MIN pasueNU 2J0UI B P[INg O, ‘Te 30 maI1Qg
9%pD seuuoy
uoI[[w g’ Jopun jsnf
sem oImypuadxe pooj 0}
parefar juridjooj uoqres oy,
1oV
oY) JO 9ZIS oY} SOWT) dUIU
I9A0 ST UIIYM 8TOT-LIOC
Ul S2I83091 UOI[[IW Z]°T KI1011119) 91
sem juridjoo, [eo13oj00g Ul JUSUWIUOIIAUD I} INOQR [12]
12103 9U.L, "8107—L10T Ul sisA[eue pue AIejuouImiod (6107) Juaw
juridjoog (801301099 1810} )M JUSWIUISAOD) PUR -uoIAug oy}
SLOV 21 JO %06 10j  jundioo] uogqred) Aunwwod 1DV oy pue Ajpiqe
pa1unodsoe armpuadxo juridjooy 8107—L10¢ Ul 2rmpuadxa uo op1aoid 0 Juowarmbar -uresng 10y
pooj woiy syoedwy [eo1Sojoog  peseq uondwnsuod pioyesnoy 1OV erensny  A10jnyels oy) 03 puodsar 0],  JOUOISSTWIWIO))
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s1opedtput
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliiteallile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



339

Current Nutrition Reports (2021) 10:334-351

4oea (%¢°L) ATRUONI9JUOD pue
SJUSWIPUOD PUB ‘TOYOI[R ‘(%7 '6) SIeawW
Ppossao01d a1om SI0INQINUOD A1039)eD
pooy 1ofew Y], ‘%€ GE PAINGLIUOD
SPO0J ATRUOIIQIOSIP YOIyM JO T
86L°1 Sem asn Jajem [e10) 9FeIdAR Y],
(%L)
[oyoo[e £q pamo[[o} (%/1) uonnqrnuod
1SoUSIY 2y} pey sjeaw passadold (eHSI
1€0°0 10rdw pare[aI-pooy [e101) %6¢
Je pojewns? Juridjoo, [eo130[09H 2y}
0) SPO0J AIRUOIISIOSIP JO UONQLIUOD)
(%9°%)
ATeUOT109JUOD pUE SJUSWIPUOD UL
(%81) 10409[e “(%7°91) syeaut passadoid

SoL103918D
jonpoid pooj pue erjensny ur

SIOJEOIpUT
[CIUSWIUOIIAUD Y [BIIADS

AIe SI0)NQINUOd urew AYJ, “(3QD oSN JoTeA| uondwnsuod pooy ATeUoIIeIdSIP SSOIO® SPOOJ ATRUOTAIOSIP
3 1#1) 990D PoIe[eI-poo] [210) 0) %CE juridjooy Jo aimjeu oy AJnuapl 0) 010Z 0} Im pajeroosse syoedur [sz]
soINQLIUOJ (AS12UD [B10 JO %1'GE) [eo1301009 6007 Wo1j SHH uelensny ay} [EIUSWUOIIAUD PAJB[AI-POO] (L102) Te ¥
uondwnsuod pooj ATeuonaIosIp YsTH ADHD pue 2102-110C SVANN woij ejeq eI[RNSNY Jo areys ay) Ajnuenb oJ, noyeyipeHq
QUINOQ[IJAl pue AQUpAS SUOISSIWR uo joedur Jroy)
syonpoid Kirep 10j pue pooj Isej 10§ jJuridjooj uoqres [e10) 9102 01 S10T woly eyep (SHH) pUB)SIOpUN PUB UINOQIIN vl
J0J “SJUBINB)ISAI Ur SaImIpuadxo orom a3 JO %G 01 PAINQLIUOD juradjooy Koamg amyrpuadx ployesnoy uo pue KoupAg ur suzened 0202) Te e
sor1039)eoqns ooy JuedyIusIs JSouw Y], uondwnsuod pooy [[e1A0 uoqJes [eJ0],  paseq pooj Jo uondwnsuod [[BIAQ erensny  uondwnsuod 9)e3nsoAul O, J[OW01]
poojeas pajsodwrt uey) (erep Kreyuoworddns) sasay)
juridjo0J uoqres ur 1oy3Iy 2q ‘sased ud om) pue roded 9oua19Ju0d
Qwos ur ‘ued erensny ur axmdes priap QUO ‘ST pamaraaI-1oad XIs woij
‘uondwnsuos pue uononpoid usamiaq UISOUD dIoM BI[exsSNY Ul sa10ads ysy
QOUBISIP PaseaIour ay) 931dsap ‘poojeas rerndod ssof [e10A9S ‘pooFeas Amxny eIfensny
poonpoid Ajreonsewop uey) juridjooy ‘uowi[es SNUBPY ‘paIeleq/paquuinio ur 9[qe[reae sjonpoid [e2]
uoqIed IYIIY B JARY A[LIBSS0U J0U pawnsuod ysy ‘sumerd) sdnoi3 poojeas jo juridiooy (S102) TB 1R
So0p eI[EensSNY ojur pajiodwr poojeas juridiooy uoqre) POOJEaS PAWNSUOD SO AT Y], BIfENSNY uoqIes oy AJnuenb o, K1ouwrre
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s1opedtput
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliiteallile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



Current Nutrition Reports (2021) 10:334-351

340

(Toyoore pue ‘yes

‘re3ns pappe ‘jej poyeInjes)
SPO0J 2109-UOU JO eIl
19y31y pue Kirep pue ‘sown
-39 ‘sorqereSea 9y jo
AYBIUI JOMO] 2Y) 0] NP IIP
uonepuno, ayj SUImoroy
191p © JO 9DHD 3yi uey)
9DHD 1YY %G Moqe
sey Jo1p uerensny oSeroae
G661 QUL "(A[oanoadsal
‘,_&ep | _uoszad 920D

SY T[T SAQ'TT) Teyruurs
1M “9nHD) AIP [€10) oY)
puUE PAWNSUOd SPOOJ 210D
WU Y1 JOIP UeI[eT)

\—Kep | _uosiad 350D 3 6°¢ e passasse -sny a3eroAe ay) ‘suroped

sdnoi8 pooj Y3 Jo N0 UOTINQLIUOD KIe191p OM] 1O 9DHD)
9DHD 15231y oY} pey pue G661 Ul 1o1p " —&ep | _uostod o)
uerensny 95eIOAL o) WOI) SUOISSII 8 S'¥1 JO °DHD pey

S[enprArput [je
J0J sjuawaainbar A310u9 oy} sjedw
pue Spasu juaLnnu Y} sopraoid
yormym sdnoi3 pooy DAV 9y uo
poseq uxayed A1ejarp :391p [B10]-
9rdoad [re 105 syuowarmbax
A319UQ 9} JO9U JOU SOP ‘IOAMOY
‘speaul JuaLnu ay) sopraoid yorym
sdnoi3 pooy DV 9y U0 paseq
uroped A1e)o1p :J91p UOTIRPUNO]-
[OYO9[® puE ‘S[I0 pue sjej
poreInIes ‘SYULIP 3JOS ‘AIQUOTOYUO0D
‘SpO0J YorUS ‘Jeawt passedold
IpN[OXa 01 J9Ip aferoae paysnlpe
:J9Ip SPOOJ 9I00-UOU [BWIUIIA-
DAYV 9y uo paseq
suraped A1ejarp po[jepouwr a1y,
G661 KoAIng uoninny [EUOTEN
UBI[RIISNY UO Paseq JIp o5eIoAy-

HHOV =4l siy

JBY) 191D B YIIM BIRP 35

aredwod pue Gee1 Jo se
19T URI[eXSNY 93BIoAR [22]

oY) woly 99O Ay} Jo (#102) 'Te 10

Y} JO 9/ 7 J0J PAIUNOIIE SPOOJ AI0J-UON]  JQIp UeI[ensny 9TeIoAe ay], 9DHD uoed AIejarp Juariny BI[ENSNY  JUSWISSISSE UB JONPUOd O, JLIpuSy
9%0D I L'LL Puewop
[eUY UT SUOISSTWS DHONYV porpoquuis
Jsoy31y oy} pey uondwnsuod pjoyasnoy
SY0D N +T THO
9011 pue 90D A #'Z] PAINQLIU0D
ON pue[dor) *(3°0D WA L'€2) O'N
pue (3%0D I 6°T1) suolsstwa "H)
PIB[OIO0ISAT] d1om uondwnsuoo
PIoYasnoy £q USALIP S90INOS UOISSIWD
urew oy [, "9°QD I T'LE PUE 970D IN (DHOHNYV)
¢'0 uondwnsuods pjoyesnoy Q) SUOISSTWI SES 9snoyueaIs
VAL8°TS pue 320D I T'9S PurwIDp fpD-uou [EAMMOLIZY
Teuy are ‘A[9Anoadsar ‘suorssTue QN 9y} poUINYuUI Sey uon
pue "HD parpoquiy (9'f e3ideo 1od) -BSITeqO[S OTWOU09? JO
9%0D A 1°801 2IoM BI[eNSNY UT BIO O} UI 9peJ) [eUOneu
syonpoid [ermnoLIge 10J SUOISSIWD O°N pue -I9)UI 9U) MOY 2)en[eAd
paseq-uondwnsuo)) "SUOISSID YHD :suors 0} pUE SAIOU0d? Jofewr
paseq-uondwnsuod uey) SUOISSIWD -sTwo sed T¥ JO SonSLIvORIRYD [oz]
(DHONYV) DHD 0D-uou [ermnorise asnoyuaaIs ueq PHIOA\ 2} WOIJ BIep uorsstwo O°N pue "HD (6100) Te 10
paseq-uononpoid 1951e[ sey erensny ¢0D-uoN Sursn uondwnsuos poyesnoy [[eIeAQ erensny  JeamnoriSe oy arofdxe of, ueyy
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s1opedtput
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliiteallile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



341

Current Nutrition Reports (2021) 10:334-351

SIQWINSUOD AQ d)Sem PoOj
%8 PUE UJe POOJ I0F %€ |
SeM IO 6£6°86 JO [830) Y 03

uonnqLIuOd WaISAS pooj ayJ,
(8D 785°6L6) ®OHD

swopqoxd

9)SeMm POOJ SSAIPpE 0} IOpIO
ur sw)sAs pooy Jo syoeduwur
SIOU0I3-010S PUE [€)

8101 9y} JO ‘A[oAT3oadsar pasem -UQWIUOIAUD JursATeue
‘%9 pue 97| paruasaidal pooj pue uajea pooj jo uondwns Joj A3ojopoypewt (OIHH) [og]
SIQWNSUOD AQ Paisem ENIReEITY -U0J P[oOYasnoY Sk [ons saNIANIe ndino—indur popuoixa AJre) (L102) Te 1
POOJ 9} PUB UJEd POOJ Y], ODHD  OIWOUOJ9-UOU 0} Ped[ ey} SaseyoIng BI[ENSNY  -USWIUOIIAUS 9y anbnio o, Ionnoy
%11°9 st endes 1od yuridiooy 1ojem
9} J10J 23RIOAR PIIOM ) JO UOTIOBIJ
YL (L%'S :9Se1oAr pIom JO UOTIORI))
quore eydes sod uondwnsuoos jeaym
431y o) Aq paurerdxe 2q Appsowr ued
SIY T, "SOINUNOD SUNUNSUOd-Jeaym Jofewr SOLIIUNOD
19130 03 paredwod uondwnsuod jeaym Apmys Surunsuod-jeaym Jofew
0) pajefar (;_Teak .w zgo[ :eded sod [eqoi3 9 J0j uondwnsuod l62]
mTEu\m JUIAL G80T :Te301) juridiooy uryyim ejep JeayMm Jo juridiooy 0102) TR 1R
19)em YSTY A[OATIR[QI © SBY BI[eN)SNY jurrdjooy 101 p\ eyrdes 1od uondwinsuod jeay A ueIEnsSnNy 19)eM Q) QUIULINAP OF, UQUUONIIA
DAV 2y Jo uraned ayejur
KIe)o1p POPUSLIIIOIT UO Paseq I9I(]-
uraned Arejarp pa[epow auQ
(Kep/oz0D 39 £'9T J0
9DHD 95eI0AE puUE ‘00/LT JO 91008
Kyrenb 191p Arep a3e1oAe) oyejul
S)npe uerensny Sunsrxs jo jsiom
oy Sulsn paururaep Jo1p (FHOT)
19Ip 9OHD JoMO[ 9OHD I9YS1y ‘Ajfenb somof e-
‘Kyrenb 1oySiy e 1oy | _Aep (Kep/az0D B9 '8 JO @OHO
0D 81 6°C1 pue ‘pro a3eraAe pue ()0 /6S Jo 2100s Ajfenb
s1e3k ()G -6 paSe s)npe J91p A[rep a3e1oAe) aejul S)npe sourepms
10§ 191p POPUAWIWIOII AY) uerensny 3urnsIxa Jo Jsaq oy} Suisn Kxeyorp uonendod ay) ur
9OHDO 03 Junowe JsAYIIY dy) ANQLIUOD 103 ,_Kep 90D 8y ¥°0¢T POUTWLINAP sem YIIyM 191p (HTOH) PIPUSWILOAI JIP 3Y) O}
SPO0J 2109-UOU pue Jeow pAY Iongrn  JIp 9OHO Ioy3iy ‘Ayfenb 9OHD 1amoy ‘Ayrfenb 1oysiy e- ‘SUOISSIUID SBS 9SnoyuaaI3d
-u09 159y31Y Y (%6°EE) SIANRUId)[E Jomo[ & 10§ | _Aep 90D (Kep/az0D pue K1enb 3o1p oy ur K1eA
PUR JeoW YSAIJ pue ‘9nHO) AI1e121p 3y 7°67 :e1om suroped 3Y €°G1 Jo 9DHD 23eIoAR pue yorgm ‘Sunea jo suroned
[€10) 0} SI0JNQLIUOD JSI[BWS 0M) O} KIe)o1p JUQIQHIp oY) J0J ‘001/€H Jo 21008 Ayrtenb ja1p Arep jJuaIINd redwod pue Jo1p
3uraq sdnoi3 pooj (%6°9) sa[qeIadaa 9DHD YL *,_Aep ¢0D a3eI0AR) JOIp UBI[ENSNY 9FRIAR- A[Tep uel[ensny jualmd [82]
PUE (%°¢) NNIJ A YIIM ODHD [eI0) S L'61 SeM 1AIp UBI[ensNY ‘CI10C—110C SVANN wolj eyep ) JO SUOISSIWO BT (9100) T80
Y} 01 %89 PANGLNUOD SPOOJ 10D 93e1oAe AU} 10 9OHOD 9OHO  Sursn surd)ed AIejoIp JuaLInd I, elensny  9snoyuodis ay) Ajnuenb o, SLIpUSH
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s1opedtput
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliiteallile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



Current Nutrition Reports (2021) 10:334-351

342

[o®d %6°() SPOOJ SNOSUB[[ISIUW PUE S[I0
pue siej AYI[eaY pue ‘g / SI[qeI1ddoa
‘95, S93RISAIQ ‘%9’ [ | SOAIIRUIAI[R pUB
JeoW Ysa1j ‘%97 ] S[ea10d pue Spealq
‘9, 1°9] SPANRUIdI[E puR AIEp ‘%681
sy quridjoo] A)1oIeds-19jem 0)
%9 PAINQLIIUOD SPOO) ATRUOTIAIISI
eI[ensSNY ul
19)eMm JO 7T £ 1T JO uondwnsuod 30911p
) sk AJ10IedS 19)eM 0) 9INQLIIUOD 0)
renuojod owes ay) pey pjoyasnoy uer
-[ensny ue Aq oSuew ysaij jo 3y [ jo
uondwnsuo)) -9)sem uondwnsuod pue
uonnqrISIp YIm pajeroosse juridjooy
oY} JO %ES WIS T L8 e PAjLWnso
sem o3uew ysaly Jo Juridjooy 1ojem oy,
(%61) oW puE *(%6E) S[LSI190 pue
1oy ‘s1onpoxd K1a9xeq orom juridiooy
I9)eM 3Y) 0} $10INQLIIU0D I1SAYSIY Y L,
$0D 01 %67 PAINQLIUOD PAUIQUIOD
JeoW pue ‘s[ea1ad pue Inoy ‘syonpoid
K1oyeq *(%91) 1eaw pue (%(7) Spooy
JSeJ PUE JNO STeal A1om {OD) [e10)

|—Aep | _uosiad ba-1
81¢—/+ Tb% (-uosxad
ba-1 z9¢ pagderaae syarp
AJTep Jnpe uerensny ay)
10§ Jur11djooy AI10IedS IAJBA

JoEM JO W GE
pasn 93eI0AE UO SP[OYISNOY
‘00 o
3 08 93LIAR UO SI [9A]
PIoYasnoy ay) Je pawunsuod

DAV 2 PIA parfdwod gorym
usoped oyejur AIeIoIp POPUSWIOdA -
uraned Arejarp pa[epow auQ

eur Ssynpe ueren

-sny 3unsrxa Jo 1s1om) Ja1p Juridjooy
Ky1oreds-1a1em Ur Joy31y ‘Apenb 1omof e-

(eur synpe uerensny

3unsIx? Jo 159q) 301p Juridjooy AroTeds
-I3)em UT Jomof ‘Aitenb 1oySty e-
JOIp UBI[BIISNY UBOUI-

C10C-T10C SVANN uo
paseq suroped AIejarp JuaLInd Iy ],

juridjooy
Aoreds 1arepm

PANWIT BI[ENSNY AIN[NONIOH WOIJ
oSuew YsaIJ JO So[es [18)o1 WOIJ

juradjooy 10jeA\  pouTWIIalep uondwnsuod poyesnoy

yunidhooy 1918 SHH $002-€00T U woly

Sialp
AJ1ep Jnpe pajo[as-J[os
Jo uonedod (0006 <)
93xe[ ® Jo 21095 Ajienb [ecg]
191p pue JurIdjooy A31o1ess (6100) Te 10
eIeISNY -191em oy) Aynuenb o, nnopry
$92IN0SAI 12Jem uo Joedwl
ay) ssasse 03 Junurad
J00J 19)eM JO 9Sn Ay} pue
91945 9j11 30npoid a3 Jo
sa3e)s uondwnsuoos pue [zl
uonnqLIsIp oy ysnoxy (0100) TB 0
el[ensny  9)sem pooj jo urddew oy, nnopry

£00¢ ut
omurnb owoour £q payIos
SP[OYasnoY S BIeNSNY
Jo uondwnsuos pooy [1€]
AP1eam 2y jo syoeduar (S107) ‘T8 12

oSe10A® Oy} 0) SI0INQINUOD ISAYSIY AU, POOJ A[YOoM Y} UT PAIPOqUUT 9DHD ejep uondwnsuod pooy poyesno BI[ENSNY  [EJUSWUOIIAUD 9} [OPOW O, Spoukoy
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s1opedtput
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
Lsymsay Reliiteallile) ‘spooj jo uonduwnsuod) sarsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



343

Current Nutrition Reports (2021) 10:334-351

(%L°0) pooyess

pue {(%6'¢-57) Mod {(%6'¢—+'¢)
SOATIBUIS)[E UBLIBIIZOA (%8°8—¢ L)
quie] pue J23q (%L 11-56) An
-nod (%721 ~) S[ea10 pue pealq
(%% L7—6°€7) dnoid soaneurde pue
jeoWw AQ pamor[o} ‘(%9¢) siutidiooy
puerdoid ()03 03 aIeys Isay3Iy

Y} PAINGLIIUOD SPO0J KIBUONAIISI(]

(¢8zd)

(SUOISSTWR HHD) JoMO] A[[enue)sqns sey
e uraped Arejarp e yim siqueduwod

SI Spo0J AITep JO oYejul POPUSLILIOIAT
JUDLIND Y} IXIU0D AIIIP URIRNSNY
Q) UT Jey),, 9JeNSUOIAP SINSAT oY,
"S191p A[rep FIOH JO %06 Ul Pawnsuod
Q1M (1INYI0A ‘93O “Y[TW) SPOOJ
Karep 2100 "101p ueIENSNY 9SeIoAR )
UBY) JOMO] SIAIDS 7'() sem yorym dnoi3d
SOAJRUIIE JIAY) PUB 9520Yd ‘MNYIoLK
Y[TW 9y} WOIJ SIAISS §' 95LIOAL UO pey
ATOH Npe uelensny o3eloAe oy} 0}

paredwod SOAISS JO IoquUNU Y3 ey uey)

$s9[ pawnsuod dnoi3 gIOH UL ‘SPooy
ATeuonaIdsIp JO aeur Ay} sem SIAIPp om)

Q) PAIENURISYIP 1By} Jojoey Jofew oy,

°DHD 0}

A[Tenueisqns 93nqrnuod 0y
QNUNUOD [[IM 2IN[NOLIZE
991p OMd.L Surunsuod

dNUIUOD SuBlensSNY J]

Krepunoq Arejoueld puef
-doio 1eqo13 pasodoid ayy
10§ 951e] 00 ST IR JSD ®©

Sey JAIp J[Npe ueIEensny

ofe1eAe U], -, _uosiod
-0k WK [/’ OV TH°L
w0l SASeaIoul JSD) oY)
‘Kysuaiut JS§D o5eIoAR UR
PeBY YoTyM 13Ip POPUSWIO
-001 9} QWNSUOD 0) AIOM
183k (0S—61) npe ue J

.Tcoﬁum ddd ;01 X611

juridjooy A)ISIOATPOIq
puepdor oy pue | _uosiod
9-1eak _w ()L paSerone
$101p A[rep J[npe jo (D)
syuridyooy Ayroress puerdor)

Spooy
ATeuornardsip woly A319u9 Jo % G¢
SawNsuod J[npe uerensny [esrd4)

Y1 191p ST U "ZT0Z-T10C SVANN

oy} woIj ejep SuIsn pauTuLIop
Q1om sannuenb uondwmnsuods renur

9DHD ((OMdL) 191p UQ S1,9M Yred oYL,

DAV 2 A parfduod yorgm
uw1oyed oyejur ATR)0Ip POpUSILIODT A}
uraned Arejarp pa[jopow auQ

(oyeyut

S)npe uerensny Sunsixa jo sjo1p

Tar00d) 101p (AOH-OQ'D) Iutidoo)
puedord 1ay31y ‘Ayrrenb jo1p 19MO] ©-

(oyeyut

SINpe uelfensny SunsIxa Jo sja1p

1a12q) 121p (IO T-OQH) Jutdiooy
puedo1d xomof ‘Ayrrenb jarp 10y31y ©-
J9Ip UBI[ENSNY UBdW-

s1eak 0G—61

pase sinpe 10§ 10z 10T erep

aeyur A1e1a1p SYJINN UO paseq
surayed A1ejarp JuarInd daryJ,

juridjooy
puerdoi)

(3o1p oFe10A®
9y 03 paredwod AHHD IOMO] %Ef
' pue 2109s Aj11enb Jo1p 10y31Y
%L¢) dnoIsqns (47 IJOH) uoissIwe
DHD Iamo[ “Arpenb ja1p 10y31y -
Jo1p A[rep a3eIoAe-
C10C-110C SVANN
9OHDO U0 paseq surd)ed AIeI9Ip JUALIND OM],

sdnoi3 pooj 10/pue Spooj

suraned Arejorg

Lsymsoy

(s103RO1IPUL
[eluswuoIiAug)  (surened Arejorp Jo/pue ‘sdnoi3 pooy
sQwodNQ ‘spooj Jo uondwnsuod) sarnsodxyg

U0 21.9M red
9UL,, 34} JO suonesyIuer [e61]
JIWOU0D3 PUB [RIUSWUOT (8107) TR 10
BI[RIISNY  -TAUQ ULI9)-TEdU 210[dX? O], Jouang,
osn puejdoo o3 pajefar
syoedwll [RJUSWIUOIIAUD
Iomo[ pue Aenb jorp
10y31y Aq pasLIo)OrIRYD oI
jey) A)yrunuruod uelensny [gel
) unPIM SunsIxo SuId) (0T02) e 1R
BI[RNSNY -yed Kxeyorp AJnuapr of, nnopry
syuaLnnu jo aguex
peolq e Jo ayejul ajenbope
pue ayejur pooy K1rep jo
[9AQ] US9MIOq UOTBIOOSSE
U} $SISSE SIAP Ay}
ury)im pue eIensny ut
SIQIP UOISSTWR HHD) IoMO]
pue Kypenb jo1p 1oySy let€]
Suowre ayeIul pooj A1rep (0202) Te 1@
elensny  Jo 9oudreadrd oY) ssosse o, nnopry
Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



Current Nutrition Reports (2021) 10:334-351

344

PaINSEaUW JOJeIIPUT [BIUSWUOIIAUS 9y} 0} dnoi pooy/pooy renonied ay) Jo uonnqriuod ay) Juasardor safejuaorod..

SuoISsIwa HHO 810
) 03 %[ PANGLIUOS dFeIsem pue
‘(%7 ) swoy 9ayrewradns ‘urddiys

(orqnd [e1oua3

oy 03) sureyo Aiddns asay
ur 9sn Iojem pue sjoedur
93ueypd SrewId UO BIBP
91qIpa15 9onpoid o) pue
J99q 110dx9 wnrwaxd

puE dNSWOp IO SUTeyd

woiy syoedwy ‘ureyo Addns @10 MS A1ddns jooq pue[suaan() [L€]
9y} Joj BI[ENSNY UL QWOY AY) Ul pauwuns WOy 9y} Ul PAWNSUOd om) Jo syoeduwr [eyuowr (€102) Te 10
-u00 yooq | _3Y 90D 5 §°0¢ 21om SDHD ADHD pue erfensny ur paseyoind joog BI[RNSNY -UoIIAuR 9y} Ajiyuenb of, UUBWIOPIOA
1-&ep | _uosiad 320D
6'1 Je JoUSTY SeM 9DHD
A “J191p UB3oA B YIIm
PI[[OPOW SEA OLIEUSDS ST}
uay M “Kep/6$AZN > 1500 Kep/6$AZN > JO 1500 & pue S[oA]
® pey pue S[9AJ] JuaLnnu JuaLnNU SUTASIYOR J[IYM dIOHD
SurAIyoR 9[IYM 9OHD pastwTur yorym uraed Arejarp e-
PasIUIIUIW YOTYM U0 SeM uroned Arejorp ue3oa e-
AT\A% |-uosad 0D I€T) sjqey Arejorp uononpoid
9OHD uo joedwr 1s9m0[ 7N UO Paseq S[eaul Jer[Iuej o1ouw PooJ Jo AjIqeureisns o)
Ay yim urapred Arejarp Jururejuod sorreuads A1ejarp Inoj- SurseaIour pue ‘AJLmndasur
YL '86°G 01 't WoIy SOAZN 2y} ul sjyuawaimbar oy POOJ SUIONPAI ‘saSBASIP
Surduer ;_Aep ;_uosiod Suneow IS[IYM SOHO PISTWIUIW 9[qeoIuNWIWOd-uou Jul
9YQD pey Spooy Jerjruey Jjey) sorreuads Arejarp pasrundQ -JuoAd1d y)IM PAUIdOUOD
QIOW PApN[OUT YOTYM SOLIBU (1 08€°01) SJUWILLIOAOS [B1JUDD 0] J[qe
-90s AIejaIp Inoj ayJ, uew ZN © 10j 1a1p [eordA1- -[reae sarorjod pooy uLIojur
"|—Aep | _uoszad 90D 6002-800C (SNVZN) Loaing dpoy o) suzeyed Arejorp log]
Y 101 Jo101p ZN [eordKy UOnLINN MNPV ZN 9y} Wolj eyep pue Spooj punore sasA[eue (€100) Te 10
-9[eW © 10J 9DHO Parewnsg 9OHO  uo paseq urd)ed AIeIQIp JUALIND QUQ  PUB[EOZ MIN uoneziumdo wioyred o, UOS[IA
sdnoi3 pooj 10/pue Spooj suroped Arejoiq (s10pedtpUl
[eyuswuoIiAug)  (suraned Arejorp 1o/pue ‘sdnoi3 pooy
Lsymsay Reliitehallile) ‘spooj jo uondwnsuod) sarmsodxyg Anuno) asoding/eandsfqo (Te2K) TOUINY

(ponunuoo) | sjqey

pringer

Qs



Current Nutrition Reports (2021) 10:334-351 345
Table2 Average GHGe from consumption of core food groups and discretionary foods in Australia and New Zealand
Average % contribution to total food-related GHGe ~ Average GHGe (kg CO,e kg™!) Average GHGe (kg CO,e
day™")
Author (year)  Candy Hendrie Hendrie = Hadjikakou Drew Farmery Weidmann  Hendrie Hendrie
etal. (2018) etal. (2014) etal. etal. (2017) etal. (2020) etal. (2015) etal. (2014) etal.(2016) etal. (2014)
[18] [27] (2016) [25] [22e] [23] [37] [28] [27]
(28]
Core foods 72.9 68.4 66.9 15 10.6
Meat and 27.1 33.9 26 9.5
alternatives
Red meat 57.8 17.6 Beef 21 Beef 30.8 Beef 4.86 8.0
(lamb, beef, Beef and Lamb 17
pork) lamb Pork 11
Poultry 4 (incl. 11 39 2.24 0.24
pork)
Seafood Fish 1.0 Fish 3.3  Fish 1 Fish 5.9 0.9-20 Fish 0.12
Shellfish
11-43
Legumes 0.7 1.5
Nuts 0.4
Nuts, seeds, 3.6
and dried fruit
Eggs 0.5 4.9
Dairy 20.9 10.5 5 Butter 11 1.7 0.72
Cheese 10
Yoghurt 3.3
Fruit 5.2 35 11 1.2 0.7 0.28
Vegetables 35 6.5 1.8 1.1 0.46
Bread and 2.8 4 Cereals 1.8 2.0 0.63
cereal grains Grains 1.4
Rice 1.2 4.1
Unsaturated fats 2.3 1.8 0.05
and oils
Discretionary 27 29.4 33.1 4.7 3.9
(total)
Alcohol 5.7 4.8 0.44
Beverages 3.1 1.4
Baked products 35
Coffee, sugar, Sugar 0.7 0.58
tea
Condiments 4.6
and
confectionary
Dairy 2.1 0.4
Processed meat 11.3 15.4 12 1.76
Snack foods 1.12

data on the percent contribution to total food-related GHGe,
three on GHGe per kg of food consumed (kg CO,e kg™"),
and two on GHGe per day (kg CO,e day™'). There were
some differences in categorisation of foods which makes
comparisons challenging.

Core foods are estimated to contribute 67-73% to total
food-related GHGe in Australia [25, 27, 28], whereas dis-
cretionary foods are estimated to contribute between 27
and 33% of the total food-related GHGe in Australia and
NZ [22e, 25, 27, 28]. Processed meats were the highest

@ Springer
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contributors (11-15%) [25, 28]. The high contribution from
discretionary foods highlights not only the impact of the
production of these foods on the environment but also the
higher than recommended consumption of these low nutri-
tional quality foods in Australia and NZ.

Of the core foods, 26-34% of contributions come from
the meat and alternatives group in Australia. Fruit (3.5%)
and vegetables (6.5%) were the two lowest contributors, but
intake of fruit and vegetables currently falls far below rec-
ommended intakes nationally [28]. In contrast, in NZ, the
highest contributions to food-related GHGe were from meat,
seafood, and egg consumption (35%) followed by highly
processed foods such as bakery items and ice cream (24%)
[22e]. A similar pattern is observed for GHGe per kg of food
consumed and GHGe per day with red meat, in particular
beef being the main contributor to the GHGe of core foods.
There is a difference in emissions for beef between Australia
and NZ (NZ 21 kg CO,e kg~! and Queensland beef 30.8 kg
CO,e kg~!) [22¢, 37]. The seafood group had the largest
range in average GHGe per kg. Comparing emissions per
kg of food may not be a particularly useful metric as overall
contribution from that food will depend on the quantity con-
sumed per serve, as well as the frequency of consumption.
For example, discretionary foods may have a lower CO,e
kg™! value than red meat but may be consumed multiple
times a day by some consumers.

Water Use/Footprints and Water Scarcity Footprints

In Australia, the amount of water required for food produc-
tion is high, with 60% of the water available for human use
being used for irrigated agriculture [39]. Of the eight million
megalitres (ML) of water used for Australia’s agricultural
production in 2018-2019, 1 million of this was used for fruit
and nut crops, 882,000 ML for sugar cane, 388, 933 ML for
vegetable crops for human consumption, and 75,600 ML for
rice [40]. With most of Australia’s agricultural production
exported (71%), total water used does not accurately reflect
that used for food consumed in Australia [41].

Seven studies in Australia have looked at the impact of
total dietary intake and/or food products on environmen-
tal indicators related to water, but differences in measures
between studies make comparisons difficult. One approach
is to measure total use, as reported above and the other
similar measure is the water footprint (m®). There is a large
variation in these measures across different food products.
Reutter et al. [30] analysed the food system contribution to
total water use in Australia using data from 2000. Approxi-
mately 60% of water used was for food production, with 13%
embodied in the food as consumed, on average, by the Aus-
tralian consumer [30]. Almost 5% is embodied in the food
that is wasted by the consumer. In another study, researchers
used national intake data to determine the contribution of
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consumption to water footprint. The average weekly water
footprint of Australian households related to their food con-
sumption was estimated at 35 m? [31]. The three highest
contributors to this water footprint, based on household
expenditure data, were bakery products, flour and cereals
(39%), meat (20%), and meals outside the home and fast
food (16%) [31]. This is likely an underestimate of the water
footprint for household food consumption as the researchers
did not account for water used when households prepared or
consumed the food at home.

In comparison, Candy et al. [18] found that the highest
contributors to the overall 758 GL of water per year used in
Greater Melbourne for food production were dairy (53.1%),
beef and lamb (26.3%), followed by vegetables (8.2%), nuts
(7.7%), and sugar (3.6%). All other food product groups con-
tributed less than 2% each. Hadjikakou et al. [25] estimated
the percent contribution to total blue water (i.e. irrigation)
of different types of discretionary foods that were purchased
by households per week. The three highest contributors were
processed meat products (9.2%), alcohol (7.3%) and condi-
ments, confectionary, food additives, and pre-prepared meals
(7.3%). Researchers in two other studies used food expendi-
ture or purchasing data. The relatively high water footprint
in Australia (total: 2085 Mm? year™!; per capita: 1082
m? year™!) related to wheat consumption can help explain
why the bakery products, flour, and cereals of food group
category are the highest contributor [29]. Another example
cited in our review is the water footprint of fresh mango, that
has been estimated as 87 L kg~! with 53% of the footprint
associated with distribution and consumption waste [32].

Currently, Ridoutt et al. [33e] are the only researchers
to determine the water scarcity footprint (WSF) of Aus-
tralian adult dietary patterns. Ridoutt and colleagues [33¢]
addressed specific environmental concerns related to water
use by estimating the associated WSF. The WSF for Aus-
tralian adult daily diets averaged 362 L-eq person~! day~!;
however, this estimate is highly variable (SD=218 L-eq
person~! day~!) due to wide differences in dietary pat-
terns [33e]. Discretionary foods contributed 24.6% to the
overall WSF of Australian adult diets, followed by fruits
(18.9%), dairy and dairy alternatives (16.1%), bread and
cereals (12.6%), and fresh meat and alternatives (11.6%)
[33¢]. When these findings are compared to those of Reyn-
olds et al. [31], there are some differences in contribution
between foods, such as fruit and nuts only contributing 2% to
the total water footprint, but contributing 18.9% to the WSF.

Land Use, Ecological Footprints, and Cropland
Footprints

The percent of land used for agriculture globally is 77%
for livestock, meat, and dairy and 23% for crops (excluding
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feed) [6]. In Melbourne, land use related to agriculture was
higher than the global average with beef and lamb consump-
tion being responsible for 90% of land use [18]. The next two
highest contributors were dairy (2.6%) and pig and chicken
meat (2.2%) [18]. Consequently, when dietary patterns
exclude these agricultural products, land use is lower. Candy
et al. [20ee] modelled two dietary patterns, a healthy mixed
(HM) diet and a healthy plant-based (HPB) diet, compared
to the current diet (TPWO). The HPB diet had the lowest
land use, while the HM diet required 25% more land use
than the current diet.

In terms of overall food consumption, research from the
Australian Capital Territory (ACT) found that the impacts
from apparent food consumption, estimated from food
expenditure data, accounted for 50% of the territory’s total
Ecological Footprint (2.12 million hectares) in 2017-2018,
which is over nine times the size of the ACT [21]. One
demand component of the Ecological Footprint is the crop-
land footprint. Ridoutt et al. [35], in accordance with best
practice to address specific environmental concerns related
to cropland use, estimated three types of cropland footprints:
cropland scarcity footprint (CSF), cropland biodiversity
footprint (CBF), and cropland malnutrition footprint (CMF).

The average CSF in Australia exceeds the global target
(7.1 m® year-e person~' day~! compared to 6.1 m? year-e
person~! day~!) [35]. However, given the diversity of diets,
in terms of overall energy intake and the types of foods
consumed, many adults are below the target. If all Austral-
ian adults consumed the food choices evident in the high
dietary quality-low cropland footprint (HDQ-LCF) dietary
pattern (see Table 1), the CSF would decrease by around
20% and CBF (CBF) by 21%. On the other hand, for Austral-
ian adults whose diet conforms to the food choices and por-
tion sizes recommended by the current ADG (i.e. increased
core food intake and reduced discretionary foods), the CSF
would increase by 0.3 m? year-e per day, representing an
overall increase of 4% [35]. Therefore, the estimated CSF
still exceeds the global target.

In Australia, discretionary foods contribute the highest
percentage share to the Ecological Footprint (35%) [25] and
to cropland footprints (36%) [35], compared to other food
groups. Ridoutt et al. [35] found that the second largest con-
tributor to cropland footprints was the meat and alternatives
group (23.9-27.4%), with poultry (9.5-11.7%), and beef
and lamb (7.3-8.8%) being the main contributors within
this food group. The third highest contributor was the grain
(cereals) food group, with approximately 12% contribution
to total cropland footprint.

Within the discretionary food category, the percent con-
tribution to the Ecological Footprint was highest for pro-
cessed meats and fattier/salty sausages (17.5%), followed by
alcohol (7.0%), condiments, confectionary, food additives,
and prepared meals (3.0%) and cakes, biscuits, puddings,

and related products (2.9%) [25]. A similar pattern was seen
for discretionary food product categories and contribution
to CSF and CBF. The highest contributors to CSF were pro-
cessed meat products (12.5%), alcoholic beverages (6.0%)
and biscuits, cakes, waffles (3.3%) and muesli bars, confec-
tionary, and chocolate (2.5%). For CBF, the contributions
were similar, namely, processed meat products (10.1%),
alcohol (5.5%), muesli bars, confectionary and chocolate
(4.7%) and biscuits, cakes, and waffles (4.3%) [35].

Discussion

There was a range of approaches used to assess the envi-
ronmental impacts of food and/or diets in the studies we
reviewed. We have observed that the researchers tended
to choose a single environmental indicator to assess the
environmental impact of food and/or diets such as GHGe,
cropland footprint, or water footprint. Aldaya et al. [42ee]
reported similar findings in their recent review which high-
lighted the most frequently used indicators and approaches
for assessing sustainable healthy diets.

Interestingly, we were still able to see clear trends. For
example, discretionary foods are consistently one of two
highest contributors to environmental impacts across multi-
ple metrics: GHGe, cropland footprints, ecological footprint,
and water scarcity footprint [22e, 25, 27, 28, 33e, 35]. The
meat and alternatives group also had a high environmental
impact across multiple metrics although the water scarcity
footprint was lower for this group compared to dairy prod-
ucts, cereals, grains, and fruit and vegetables [18, 20ee, 220,
28, 31, 33e, 35]. Fruits and vegetables generally had a low
environmental impact in other metrics. However, as fruit and
vegetable intake currently falls below recommendations in
both Australia and NZ [22e, 28], this is unlikely to be the
case when actual intake meets recommendations.

In Australia, most consumers sourced their food domes-
tically in 2020 with only 11% of food consumption by
value from imported food [41], a reduction from 15.4% in
2015-2016. The majority of these foods are processed prod-
ucts (9.6%) such as beverages and frozen vegetables. These
imported foods play an important role in meeting consumer
preferences for taste and variety and may not always have a
higher environmental impact compared to domestically pro-
duced alternatives. Farmery et al. [23] found that imported
seafood does not necessarily have a higher carbon footprint
than domestically produced seafood. Imported foods can
also provide supply when domestic production is impacted
by drought, such as in the case of rice in 2019-20.

Poore and Nemecek [8] reported that moving from cur-
rent diets to a diet that excludes animal products would
reduce the food-related GHGe globally by 6.6 billion met-
ric tonnes of CO,e. In the studies reported above which
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modelled different dietary patterns, this benefit was not
clearly observed. Wilson et al. [36] estimated that the
GHGe of a vegan diet in NZ was approximately 0.6 kg CO,e
person~! day~! higher compared to a dietary pattern which
minimised GHGe whilst achieving nutrient levels. In com-
parison, Candy et al. [20e¢] found that a plant-based diet
in Australia had lower GHGe compared to other modelled
diets. As the recommended diets for the two countries dif-
fered until recently (i.e. NZ recommended three serves of
vegetables compared with Australia’s five serves), it could
explain the difference in results. Additionally, NZ has low
carbon emissions per kg of beef and lamb produced com-
pared to the rest of the world; around 25% of the global aver-
age which could impact on the variation [43]. The dietary
pattern modelling indicates there are alternative ways to
reduce GHGe than just eliminating animal products such
as meat, eggs, and dairy. For example in NZ, a 4% reduc-
tion was observed in GHGe when the eating pattern was
shifted to meet the minimum recommendations of the NZ
Dietary Guidelines [22¢]. Therefore, rather than eliminating
particular foods from a diet, a more realistic goal would be to
aim to meet the dietary recommendations and choose mostly
sustainable options.

The choice of metric used (or combination thereof) is
important to consider as it may under-represent the environ-
mental impacts of foods. Only four groups of researchers
used metrics which accounted for multiple environmental
impacts [21, 25, 32, 35]. One such metric is the Ecologi-
cal Footprint. This tool is described as a useful resource-
accounting tool that measures how fast individuals, groups
of people, or activities consume energy and resources
(including plant-based food products, livestock and fish
products) compared to how fast nature can absorb our waste
(carbon emissions) and generate new resources to replenish
those that have been used [44]. The Ecological Footprint
tracks the use of productive surface areas such as cropland,
grazing land, and fishing grounds and is measured in global
hectares (gHa). In contrast, the cropland footprint does not
include grazing land for livestock and therefore may not
accurately represent the environmental impacts from meat
and dairy. Furthermore, not all water footprint calculations
consider environmental relevance especially for Australia
where variation in local water stress is extreme between
regions [45]. The water scarcity footprint is a much more
useful metric in Australia and could be a useful tool to iden-
tify appropriate regions for crop growing in the future.

Furthermore, some of the metrics used in the cited studies
do not allow for differences in agricultural practices and the
use of renewable energy. Lifecycle assessments (LCA) are
commonly used for analysing the environmental impacts of
agricultural products and consider metrics such as resource
use, pollutant emissions, and land use. However, van der
Werf, Knudsen, and Cederberg [46¢] recently highlighted
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that the LCA method often does not account for alterna-
tive production methods and can misrepresent less intensive
farming systems such as organic agriculture. Regenerative
animal farming methods can have positive environmental
impacts such as the integration of livestock into agricultural
crops for manure, reduction or elimination of tillage and
cover crop leading to improved soil health, increased seques-
tration of carbon, and increased biodiversity [47].

Another potential problem with using an LCA is the
availability of specific country data as there are multiple fac-
tors that contribute to the difference between GHGe between
countries and within locations in a country. The authors of
the two NZ studies stated that there is a lack of available
food-related GHGe and waste data and LCA analysis in
NZ which resulted in both Drew et al. [22¢] and Wilson
et al. [36] utilising data estimates from the UK. This may
have misrepresented the emissions from NZ’s food system
particularly as Australia has the largest share of NZ’s food
imports (and vice versa).

This rapid review synthesises the latest evidence on asso-
ciations between dietary exposures and environmental out-
comes in Australia and NZ. This evidence is highly relevant
in the context of dietary guideline development. To inform
the next iteration of the ADG, the findings of this review
could be used as a starting point to summarise the envi-
ronmental impact associated with current food consumption
behaviours, and against which to make comparisons with
alternative dietary patterns. Comprehensive modelling is
required to investigate the nutritional adequacy of food sub-
stitution effects of more sustainable food choices [48]. For
example, reductions in the recommended number of serves
of meat could be balanced by increases in the recommended
number of serves of legumes or nuts. Undoubtedly, to pro-
mote both health and environmental sustainability, dietary
guidelines should continue to recommend reduced consump-
tion of discretionary foods.

Conclusions

The results of this rapid review demonstrate that there
is context-specific evidence available that describes the
environmental impacts associated with food consump-
tion in Australia and NZ. Most of the articles included
in this review provided evidence related to the consump-
tion of individual foods, food groups, or dietary pat-
terns on GHGe. Whilst there are commonalities between
different environmental indicators such as the impact
of discretionary food consumption on CSF, WSF, and
GHGe, there is wide variation in these indicators for
other foods such as fruit. Modelling of current food con-
sumption data to those dietary patterns recommended as
being optimal for health does not necessarily result in
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an improvement in all environmental indicators. Thus, it is
essential that environmental sustainability is considered in
the revision of Australia’s Dietary Guidelines, as has been
recently done for NZ, in order to ensure that the foods and
dietary patterns that are recommended are associated with
both positive health and environmental outcomes.
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