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Abstract The standardUS diet contributes to greenhouse gas emissions (GHGE) from both the
food system, and from the health system through its contribution to non-communicable
diseases. To estimate the potential for diet change to reduce GHGE and improve public health,
we analyzed the effect of adopting healthier model diets in the USA on the risk of disease,
health care costs, and GHGE.We found that adoption of healthier diets reduced the relative risk
of coronary heart disease, colorectal cancer, and type 2 diabetes by 20–45%, US health care
costs by US$B 77–93 per year, and direct GHGE by 222–826 kg CO2e capita

−1 year−1 (69–
84 kg from the health care system, 153–742 kg from the food system). Emission reductions
were equivalent to 6–23% of the US Climate Action Plan’s target of a 17% reduction in 2005
GHGE by 2020, and 24–134% of California’s target of 1990 GHGE levels by 2020. However,
there is potential for investment of health care savings to result in rebound up to and greater than
100%, which would increase net GHGE. Given the urgency of improving public health and of
mitigating GHGE over the short term, the potential contribution of diet change, and the options
for reducing rebound, deserve more research in support of policy.

1 Introduction

There is increasing scientific consensus that significant reductions in anthropogenic green-
house gas emissions (GHGE) will have to be achieved in the next decade or two to limit global
warming to 2 °C to avoid dangerous climate change (Hansen et al. 2013; IPCC 2014; Rogelj
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et al. 2013; Stocker 2013). Our individual and collective diets, and the food system that creates
and supports them, contribute about one third of total emissions globally (Garnett 2011), and
changing dietary patterns can reduce GHGE embodied in the diet by up to 50% (Hallström
et al. 2015). However, compared with other mitigation strategies, the food system has received
relatively little attention (Edenhofer et al. 2014).

Diet change as a mitigation option has the advantage of requiring relatively little investment
in new research, technology, or infrastructure, and has important positive externalities, includ-
ing improved health. However, there are significant economic, social, and cultural challenges
to achieving diet change at both individual and policy levels.

Diet change also has the potential to reduce GHGE from the health care system by
improving health. The average intake of foods by the US population, the standard
American diet (SAD), has become markedly less healthy in recent decades, and in
combination with an increasingly sedentary lifestyle, has resulted in an epidemic of
non-communicable diseases (NCDs) (Grotto and Zied 2010). About half of all US adults
have one or more NCDs, and about two thirds are overweight or obese (USDA and HHS
2015); the prevalence of diabetes was 9% in 2012 (CDC 2012, 2014), the prevalence of
cardiovascular disease (including high blood pressure and various forms of coronary
heart disease) in the population over 20 years old in 2010 was 35% (Go et al. 2014), and
∼40% of the population is predicted to be diagnosed with cancer during their lifetimes
(SEER NCI 2014). NCDs are important contributors to increasing US health care costs,
which were almost $3 trillion year−1 in 2014, 18% of the total US GDP (CMS 2016).
NCDs can, to a large extent, be prevented by adopting a healthy lifestyle, including
healthy diets (WCRF/AICR 2007; WHO/FAO 2003).

The link between diet, health, and climate is a new but growing research field. By
using life cycle assessments (LCAs) (ISO 2006a, b), the climate impact of individual
foods, meals, and whole diets has been calculated (Scarborough et al. 2014a; Tilman and
Clark 2014). Health aspects have been included in LCAs by expressing the climate
impact of the food with a functional unit that relates to the nutritional content (Doran-
Browne et al. 2015) or by comparing the climate impact of diets with varying nutritional
content (Meier and Christen 2012; Saxe et al. 2013; van Dooren et al. 2014; Westhoek
et al. 2014). So far, few studies have used epidemiological data to study the relationship
between diets’ impact on both GHGE via the food system and on health (Aston et al.
2012; Friel et al. 2009; Scarborough et al. 2012; Springmann et al. 2016; Tilman and
Clark 2014). The results from these studies show that dietary change offers substantial
potential to simultaneously improve health and reduce GHGE from the food system.
However, the potential for rebound (increase in GHGE due to investment of savings from
mitigation policies that reduce GHGE) is a major uncertainty that has not been ade-
quately addressed to date (Font Vivanco et al. 2016). This is especially important for
health care system savings, since health care dollars are less emissions intensive than the
average.

There is no research to date on the combined effect on GHGE from the food and health care
systems of the adoption of more healthy diets. Here we report research that addresses this gap.
We modeled counterfactual healthy alternative diets (HADs) by adjusting foods in the SAD
which are statistically associated with changes in the relative risk for three NCDs. We then
estimated the change in direct GHGE from both the food and health care systems. We did not
estimate the potential for rebound to take back the reduction in GHGE due to the HADs. Our
results provide new insights into the relationship between food, health, and climate that have
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important policy implications in the development of more sustainable food systems and the
mitigation of anthropogenic climate change.

2 Methods

2.1 System boundaries

The spatial boundary of our study was the USA, although we extrapolated LCA data for the
food system from other countries when US data were not available, and data for disease risk
were from various countries. The reference year for our study was 2013, and we used either
data for 2013, extrapolated data to 2013 based on trends, or used data for the closest year when
there was no basis for extrapolation. The system boundaries for emissions from the health care
system (GHGE-H) were the components of the health care sector associated with the studied
NCDs. The system boundaries for emissions from the food system (GHGE-F) were inputs to
production at the distal end, including feed and pasture for animals, through retail at the
proximal end, because these were the boundaries for the LCA studies we used and included
food wasted within these boundaries. Thus, GHGE-F from land use change, and for retail to
consumer transport, storage and preparation at the consumer stages, and household food waste
disposal were not included, making our estimates conservative. We did not include rebound
within the system boundaries. GHGE (in terms of CO2e) comprised the three major green-
house gases: CO2, N2O, and CH4.

2.2 Overview of methodology

Our method for estimating the effect of dietary change on GHGE comprised six steps (Fig. 1).
In step 1, we defined the SAD using data on loss-adjusted food availability at the consumer
level, identified foods linked to change in relative risk (RR) for NCDs, and created the HADs
by adjusting these foods in the SAD. In step 2, we estimated the changes in disease prevalence
with HADs, based on RR estimates found in published meta-analyses. In step 3, we estimated
changes in health care expenditures from dietary change, based on changes in disease
prevalence from step 2. In step 4, we estimated ΔGHGE-H from dietary change, based on
the cost of health care for each NCD from step 3. In step 5, we estimated ΔGHGE-F using
LCA data found in the literature. In step 6, we estimated the net total change in GHGE from
dietary change, ΔGHGE-T =ΔGHGE-F +ΔGHGE-H.

2.3 Step 1. Developing dietary scenarios

We used the SAD as our reference and compared it with three counterfactual healthy
alternative diets (HAD-1, HAD-2, HAD-3) (Table 1). Dietary intake levels in SAD are based
on the USDA per capita loss-adjusted food availability data by weight for 2012, the most
recent year for which data were available (USDA ERS 2014) (see Online Resource,
Section 1.1).

To create the HADs, we adjusted SAD only for foods which met our four criteria: (i) USDA
dietary recommendations were consistent with international dietary guidelines and recommen-
dations (USDA and HHS 2010; WCRF/AICR 2007), (ii) there were consistent high quality
data correlating the foods with disease, (iii) there were documented GHGE estimates from
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LCAs, and (iv) there were high quality data on consumption and waste. The changes in HADs
were increased consumption of fruits, vegetables, whole grains, and beans and peas, and
reduced consumption of refined grains, and red (beef and pork) and processed (preserved by
smoking, curing, or salting, or addition of chemical preservatives) meat. There were high
quality data linking these foods to from one to three NCDs: coronary heart disease (CHD),
colorectal cancer (CRC), and type 2 diabetes (T2D). Creation of the HADs thus involved only
a portion of the total SAD.

HAD-1 reflects the USDA dietary recommendations, the BUSDA Food Pattern^ (USDA
and HHS 2010), with processed meat limited to 20% of total red meat. In HAD-2, red meat
was further reduced to 25 g of cooked meat day−1, and processed meat was eliminated, and in
HAD-3, all red and processed meat was eliminated. The meat removed in the HADs was
replaced by increases in beans and peas, based on a framework developed by the USDA for
replacing meat protein with plant-based protein (USDA 2010).

1.c. HADs (healthy alternative 
diets): 

• HAD-1 based on USDA 
recommendations. Decreased: 
RPM, refined grains; Increased: 
F&V, B&P, whole grains

• HAD-2 = HAD-1 with decreased 
RPM, increased B&P

• HAD-3 = HAD-2 with decreased 
RPM, increased B&P

1.b. Foods for which there were 
(i) consistent dietary 

recommendations, 
(ii) significant GHGE,
(iii) high quality RR data for 

contribution to disease:
• Increased RR: RPM, refined 

grains
• Decreased RR: F&V, whole 

grains
(iv) high quality data on consump�on 

and waste 

2. Δ disease prevalence: combined 
RR (RRcd) and CI for all food Δ for 
each disease for each HAD
• colorectal cancer (CRC)
• type 2 diabetes (T2D)
• coronary heart disease (CHD)

1.d. Δ(SAD-HADs)

5. ΔGHGE-F in the food system for 
each food change for each HAD

6. Net total ΔGHGE from improved 
diet: 
ΔGHGE-T = (ΔGHGE-F + ΔGHGE-
H)

1.a. SAD (standard American diet) 
(USDA) 

4. ΔGHGE-H $-1, and total for each 
HAD

3. Δ health care costs in the US 
economy for each disease

Fig. 1 Flow diagram of research design. RPM = red and processed meat, F&V = fruits and vegetables, B&P =
beans and peas; see text for other acronyms
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2.4 Step 2. Changes in relative risk of disease with changes in diet

We based the selection of diseases to be included on a literature review of the NCBI Pub Med
database in March 2014, using as keywords the selected food groups (e.g., Bvegetables^) and
CHD, hypertension, type 2 diabetes (T2D), and different types of cancer. We selected peer-
reviewed meta-analyses of prospective cohort studies, randomized controlled trial studies, and
case-control studies, published between 2005 and 2014, that provided RR with 95% confi-
dence intervals (CI) (see Online Resource Section 1.2).

We estimated the health effects of changing the diet from SAD to HADs by calculating a
revised RR (RRre) (Eq. 1) for each food-disease RR (Scarborough et al. 2014b), as reported in
the meta-analyses, proportional to the changes of that food in the HADs:

RRre¼RR x−yð Þ=uð Þ ð1Þ
where RR is the original RR obtained from meta-analyses for food f (e.g., processed meat) and
disease d (e.g., CHD), x is the level of f in the HAD, y is the level of f in the SAD, and u is the
unit increase reported in the meta-analysis identified for disease d.

We then calculated the combined relative risk (RRcd) of the changes in all of the foods
contributing to the RR for each disease by multiplying them:

RRcd¼RRre1 � RRre2 � RRre3 �…RRre f ð2Þ

where RRre1, RRre2, RRre3, and RRref are the revised RR values for each of the individual foods
changed in the diet.

Finally, to construct 95% confidence intervals around the RR estimates for the HADs, we
conducted a Monte Carlo simulation (Rubinstein 2007) with 5000 iterations in which the

Table 1 Intake levels of foods in SAD and HADs

Food g capita−1 day−1a

SADb HAD-1 HAD-2 HAD-3

Total redc and processed meat 92 51 25 0
Unprocessed red meat 58 41 25 0
Processed meatd 34 10 0 0

Total fruits and vegetables 335 672 707 741
Fruits 74 299 299 299
Fruit juices 60 75 75 75
Vegetables without beans and peas 194 283 283 283
Beans and peas 7 15 50 84

Total grains 167 131 131 131
Whole grains 17 79 79 79
Refined grains 150 52 52 52

a Intake levels of meat, and beans and peas are given in cooked weight, while grains, fruits, and vegetables in
uncooked weight. Basis for RR calculations
b SAD based on loss-adjusted food availability (USDA ERS 2014)
c Red meat refers to beef and pork
d Processed meat refers to meat preserved by smoking, curing or salting, or addition of chemical preservatives
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individual RRcd estimates for each disease were allowed to vary randomly according to a
lognormal distribution. The result of a Monte Carlo simulation consists of a number of
possible outcomes of the calculation, hence giving a representation of the probability of
different results depending on the uncertainty and variation in the input data.

2.5 Step 3. Changes in health care costs from changes in disease prevalence

In calculating the reductions in health care costs due to reductions in the RR of the three NCDs for
each of the three HADS, we assumed that reduction in these costs in the US economy for each
disease were directly proportional to reduction in theRRcd for each disease.We used themost recent
and reliable data sources for expenses, and adjusted for inflation (see Online Resource Section 1.3).

2.6 Step 4. Change in GHGE due to changes in health care costs (ΔGHGE-H)

We calculated per capita reduction in GHGE-H for the US population based on established
relationships between different types of health care costs and their GHGE in the USA using data
from the Carnegie-Mellon IO-LCA (GDI 2014) (see Online Resource Section 1.4). The IO-
LCA GHGEs are based on older IPCC estimates of GWP, so we also calculated GHGE by
adjusting the GWP for CH4 from 21 to the most recent IPCC estimates (including climate-
carbon feedbacks) of 34 for a 100-year time frame (Myhre et al. 2013).While the GWP for N2O
changed in the most recent IPCC assessment, the difference was much smaller (from 310 to 298
for the 100-year time frame) and would also have been more difficult to adjust.

2.7 Step 5. Changes in GHGE in the food system (ΔGHGE-F)

We quantified the effect on GHGE-F from changes in diet based on estimates of the GHGE of the
specific foods included in the diets, provided from a review of published LCAs (see Online
Resource Section 1.5). The literature search was performed in Web of Knowledge (ISI) in April
2014, using as keywords the foods included in the studied diets and LCAs. We also manually
searched reference lists from retrieved articles and reviews. GHGE-F data were collected for 28
different food categories and themedian, lowest, and highest amount of GHGE-F per kilogram food
available at the retail were determined (Tables OR 2, 3, 4). We adjusted the GHGE-F data to match
the system boundaries of this study and to reflect the US food system, e.g., by adjusting the
proportion of air-transported fruit and hot house-produced vegetables. GHGE-F data were for
conventional food production and data on food produced outside of the USAwere limited to regions
with similar production systems as theUSA and to regions that export food to theUSA.We adjusted
the methane 100-year GWP for beef to the current 34 for the seven source studies for beef, since
these comprised the greatmajority of food systemmethane emissions for the foods changed to create
HADs; six of these used a GWP of 21 and one used 23.

In order to address uncertainty and variability in our GHGE-F results due to differences in
production systems, regional conditions, and methods used in different studies (Björklund
2002; Nijdam et al. 2012; Röös and Josefine 2013), we conducted a Monte Carlo simulation
(Rubinstein 2007). Because of the limited number and range of estimates in the literature, we
used a triangular distribution model for each food category changed in the HADs from the
baseline SAD. Each diet iteration involved a summation of the random values within each
food category’s distribution. The 5000-iteration Monte Carlo simulation then produced a best
estimate and confidence intervals for GHGE-F for each diet.
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2.8 Step 6. Net change in GHGE from dietary change (ΔGHGE-T)

The net change in GHGE from dietary change was calculated as the sum of emission
reductions in the food (ΔGHGE-F) and the health care systems (ΔGHGE-H).

3 Results and discussion

We found that our HADs resulted in large decreases in GHGE in the health care system, but
especially in the food system, and that these were equal to large proportions of US and
California climate change mitigation goals. Our estimates are conservative because the HADs
included only a selection foods, a selection of associated NCDs, a selection of direct health
care GHGE of those conditions, and did not include some important components of food
system GHGE (e.g., from land use change and the consumer level). However, the significance
of the results is limited by uncertainty, including about the effect of rebound, especially for
health care savings, and of longer lives due to HADs.

3.1 Reduction in relative risk of disease and health care costs

The RRcd for CHD, T2D, and CRC for all foods changed in the HADs was reduced by 20–45%,
with the largest reduction for CHD, followed by T2D and CRC (Table 2). HAD-1 provided the least
reduction in disease prevalence of the HADs (20–40%), while HAD-3, in which all red and
processed meat was replaced with legumes, provided the greatest reduction (29–45%).

The potential annual savings in US health care costs with reduction in prevalence of CHD,
T2D, and CRC, assuming that the entire US population made a transition from the SAD to the
HADs, was $77, $89, and $93 billion year−1 for HAD-1, HAD-2, and HAD-3, or 20–30% of
the total expenses for these disease of $220 billion year−1 (CMS 2013).

3.2 Direct reduction in GHGE

Direct reduction in GHGE-H (Table 2) from SAD to the HADs was estimated from the
reduction in health care expenses resulting from the reduction in RR (Table 2), with reductions
in GHGE-H (kg CO2e capita

−1 year−1) from 16 to 18 for CHD, 50–62 for T2D, and 3–4 for
CRC. Change in GHGE-F from SAD to the HADs is shown in Table 3. The potential effect of
rebound on net GHGE was not estimated.

Figure 2 shows the combined reduction in GHGE with a transition from the SAD to the
HADs. Adoption of HADs reduced GHG-T by 222–826 kg CO2e capita

−1 year−1 (Table OR5).
Reductions in GHGE-F dominated reduction potential in all HADs, accounting for 69–90% of
total potential reduction. The combined reduction with HAD-2 and HAD-3 was 237 and 373%
greater than HAD-1, respectively, due to primarily to the decrease of red and processed meat in
the diets.

3.3 Limitations and uncertainty

The results of this study are dependent on the quality of data used for food consumption, food
losses, RR, health care expenses, and GHGE. In order to minimize, account for, and illustrate
the overall uncertainty in our results, we used validated data of high quality, aimed for high
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transparency in presenting our methods, and estimated the uncertainty of both GHGE-F and
RR of food-related diseases with Monte Carlo simulation.

3.3.1 GHGE-H

A major assumption in our GHGE-H calculations was that the changes in RR are directly
related to health care costs. In reality, diet change would only affect disease prevalence over
time via reduction in incidence. Our results should therefore be interpreted as theoretical
estimates of the disease prevalence attributable to the HADs over time, or as the health care
costs associated with a counterfactual scenario where the HADs had always been adopted.

To minimize the risk of double counting health effects when combining RR estimates, we
only used RR estimates from meta-analyses that adjusted for influencing confounders, such as
other types of food intake, physical activity level, and history of disease. Also, by using whole
food-based recommendations (e.g., vegetables), as opposed to nutrient-based recommenda-
tions (e.g., protein), we reduced the risk of double counting health effects from nutrients found
in various food groups. Despite these efforts, some risk of double counting remains because
the RRs are drawn from meta-analyses of mainly prospective cohort studies which have

Table 3 GHGE-F with change from SAD to HADs, and reductions in GHGE with HADs

Diet

SAD HAD-1 HAD-2 HAD-3
GHGE-F with change from SAD to HADs,a best estimate and 95% CI (kg CO2e capita

−1 year−1)
1397 1245 951 655
985–1776 990–1475 807–1091 576–742

Reduction in GHGE-F with change from SAD to each HAD (kg CO2e capita
−1 year−1)

153 446 742
Per cent reduction, SAD to HADs

11% 32% 53%

aGHGE based on amounts of foods purchased (Table OR3), and GHGE for foods (Table OR4) from the literature
(Table OR2); best estimate and 95% CI estimated with Monte Carlo simulation
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food and health care systems
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measured usual diet imprecisely, allowing for residual confounding. For increased transparen-
cy, we presented the health effects of the HADs both for each dietary factor individually as
well as for the combined effect of all dietary changes (Table 2).

There are also some uncertainties in the IO-LCA data used to calculate GHGE-H because it
uses an aggregate-based assignment of GHGE for economic activity in a given industry/sector,
as opposed to process/product-based assignment. Some components of the LCA, such as
pharmaceutical manufacturing, leave out potentially important factors that could add to the
GHGE of a given health care expenditure, and some components of our calculations were
based on proxy data because GHGE data were not available for all activities. While it is not
clear that the health care sector would experience the same rate of decrease in carbon intensity
as the overall economy, we did adjust it to match this rate.

Reductions in GHGE-H were underestimated because we did not include many potential
diseases (e.g., overweight and obesity, hypertension, stroke, and forms of cancer other than
CRC) associated with the foods we did change in HADs, due to lack of adequate RR
documentation. In addition, there are also potential diet-disease links for foods we did not
change in HADs, e.g., sugar-sweetened beverages. Therefore, the total estimated health care
expenses was a small part of the potential contribution of food-related diseases to the total US
health care in 2014 of $3 trillion (CMS 2016).

A more fundamental issue in estimating GHGE-H is the increase in life span with reduced
risk of NCDs, which would increase the length of time individuals would be generating
GHGE. One study of the effect of healthier diets on GHGE globally found that the increased
emissions due to longer lives (due to healthier diets) offset only 4–5.8%, and food-related
emissions only 0.6–2.2%, of the total food-related emissions reductions in the whole popula-
tion due to healthier diets (Springmann et al. 2016). Longer life expectancies may also result in
increases in additional health care expenses for comorbid conditions. On the other hand, the
total health care costs might be reduced if many years of care for T2D, CRC, or CHD were
replaced by fewer years of less expensive health care, and higher economic productivity. We
did not consider the effect on GHGE of economic adjustments due to changes in demand for
different foods (Jensen et al. 2013).

We were not able to estimate the extent of rebound from health care cost savings in terms of
the GHGE generated by spending the savings. However, rebound exceeding 100% may be
likely because the GHGE intensity of health care dollars is half of that of the rest of the US
economy: GHGE from health care is about 10% of US GHGE, while health care is about 20%
of the US GDP (Eckelman and Sherman 2016). However, since an estimated 64% of health
care expenses in the USA are financed by local, state, and federal government (Himmelstein
and Woolhandler 2016), there is potential for government policy to mitigate rebound. More
research is needed to better understand the effect of economic savings from healthier diets and
other climate mitigation efforts, and to develop policies to direct health care cost savings to
investments that would reduce rebound to well below 100% (Font Vivanco et al. 2016).

3.3.2 GHGE-F

A main source of uncertainty in LCA results is the necessity of using data with a range of
characteristics from a variety of sources, as we did. This is true both at the global (e.g., Bajželj
et al. 2014) and at the regional or national level. Due to lack of data, GHGE data for US foods
are typically sourced from other industrial countries (Table OR2) with a range of Bclimatic
conditions, transportation distances, and production methods and therefore are intended to
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provide a reasonable range of expected values, rather than a definitive result, for each food
type^ (Heller and Keoleian 2015). Life cycle data on GHGE-F related to the same food item
can vary significantly according to different sources due to differences in production systems,
regional conditions, and methods used to produce the data (Björklund 2002; Nijdam et al.
2012). Uncertainty was also due to the necessity of using data for a limited selection of foods
for each category. For higher precision, regional- or country-level LCA data would be
required, which are currently lacking.

We addressed this uncertainty in GHGE-F estimates with a Monte Carlo simulation using a
triangular distribution model for each food category as discussed above. This method assumes
that uncertainties in GHGE estimates for the food categories are independent of each other,
which is a reasonable assumption because most data were from different studies.

GHGE-F estimates were conservative because we did not include land use changes, which
can increase emissions from the diet by 10–30% (Röös et al. 2015), although this varies greatly
depending on the assessment method used. Potential GHGE-F reductions may also have been
underestimated because only a portion of the foods in the SAD was changed in the HADs,
while other foods with high emissions (e.g., dairy and other meats) were not. For example, one
estimate for the GHGE of dairy in the USA in 2008 was 133.6 Tg CO2e year

−1, (using a 100
year GWP for methane of 25) (Thoma et al. 2013), equivalent to 439 kg CO2e capita

−1 year−1,
which is ∼30% of the GHGE we estimated for SAD. Our results are also likely underestimates
to the extent that the EPA underestimates livestock methane emissions in the USA, which
could be by almost 50% (Turner et al. 2015), and points to the need for reporting by the
livestock industry, the only major sector not required to report GHGE (Halverson 2015).

3.4 Significance

To our knowledge, this is the first study of diet GHGE to: model counterfactual diets by
making incremental changes based on recommendations only for foods for which there were
high quality RR data for NCDs; estimate reduction in GHGE-H from the health care sector
resulting from a change to these diets, in addition to GHGE-F. Our HADs are counterfactual
diets illustrating the potential for foods that decrease the RR of NCDs to also decrease GHGE
and are meant to illustrate the potential synergies of diet change to contribute simultaneously to
improving health and mitigating climate change.

Reductions in GHGE with HAD-1 to HAD-3 represent 1.2–4.4% of the US average per
capita GHGE for 2012 (EPA 2014). However, the real significance of the potential of HADs is
in comparison with mitigation targets. For example, the range of contributions to mitigation
targets potentially achievable for HAD-1 to HAD-3 is 6–23% for the US President’s Climate
Action Plan goal of a 17% reduction below US 2005 net GHGE levels by 2020 (Executive
Office of the President 2013), and 24–134% for California’s AB 32 goal of reaching 1990
emission levels by 2020 (CARB 2006) (assuming 2020 emissions equal to 2012 emissions)
(Table OR6). These estimates do not include the potential for rebound or the effect of increased
lifespan.

4 Conclusions

In accordancewith several previous studies (Hallström 2015; Scarborough et al. 2014a; Springmann
et al. 2016; Tilman and Clark 2014; Westhoek et al. 2014), our results support the hypotheses that
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healthier eating habits can contribute to large reductions in disease and GHGE in the food system,
and that reduction of animal foods, especially red and processed meat, is key.

In addition, we show for the first time that the reduction in health care costs with reduction in
NCDs could also directly reduceGHGE.The potential for this direct reduction is likelymuch greater
than our estimates, which were conservative, and limited by the lack of data. However, because of
the potential for rebound due to investing the health care savings resulting from diet change, the net
reduction in GHGE is uncertain, and rebound could even exceed 100% of the savings, resulting in
net increase in GHGE. The extent to which policies for investment of financial savings from
reduction in health care costs due to diet change, or other climate change mitigation actions, such as
reduced air pollution, could reduce rebound, need to be further investigated. Indeed, the role of
rebound in all climate change mitigation strategies, and the potential for policy to reduce it, is
relatively unknown (Font Vivanco et al. 2016).

Given the urgency of mitigating GHGE and improving public health over the short term,
diet change could play a much more prominent role in national, state, and local climate
policies, although there are major psychological, social, and economic challenges to changing
diets (Garnett et al. 2015). Because most food choice decisions are the result of unconscious
habit, and differ from perceived barriers to climate friendly food choices, and because the
public seems largely unaware of a link between diet and climate change (Mäkiniemi and
Vainio 2014), there is a role for increased education about the relationships among food choice,
climate, and nutrition.

Increased knowledge of the positive synergistic health effects of reducing GHGE via diet
change could motivate greater efforts in the future to develop and implement such changes,
both at the individual and policy levels. Our results provide new knowledge that could help
motivate effective change.
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