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A healthier US diet could reduce greenhouse gas emissions from both the food and health care 1 

systems 2 

 3 

Electronic supplementary material The online version of this article contains supplementary 4 

material, Online Resource 1, in which we provide detailed information on methods, including 5 

sources of data for GHGE and RR, and for results and discussion. 6 

 7 

1 Introduction 8 

 9 

There is increasing scientific consensus that significant reductions in anthropogenic greenhouse 10 

gas emissions (GHGE) will have to be achieved in the next decade or two to limit global 11 

warming to 2ºC to avoid dangerous climate change (Hansen et al. 2013; IPCC 2014; Rogelj et al. 12 

2013; Stocker 2013). Our individual and collective diets, and the food system that creates and 13 

supports them, contribute about one third of total emissions globally (Garnett 2011), and 14 

changing dietary patterns can reduce GHGE embodied in the diet by up to 50% (Hallström 15 

2014). However, compared with other mitigation strategies the food system has received 16 

relatively little attention (Edenhofer 2014). 17 

  Diet change is an attractive mitigation option as it requires no new technologies, minimal 18 

new infrastructure, and has important positive externalities, including improved health. In 19 

addition, because agricultural production is the largest contributor of anthropogenic methane 20 

(CH4), for example 34% of total US CH4 emissions (calculated with data in EPA 2014b), which 21 

has a short life span in the atmosphere and a 20-year global warming potential (GWP) 86 times 22 
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that of CO2 (IPCC 2013), diet change could make an important contribution to reducing GHGE 1 

over the critical short term. 2 

 Diet change also has the potential to reduce GHGE from the health care system by 3 

improving health. The average intake of foods by the US population, the standard American diet 4 

(SAD), has become markedly less healthy in recent decades, and in combination with an 5 

increasingly sedentary lifestyle, has resulted in an epidemic of non-communicable diseases 6 

(NCD) (Grotto and Zied 2010). About half of all US adults have one or more NCDs, and about 7 

two-thirds are overweight or obese (USDA and HHS 2015); the prevalence of diabetes was 9% 8 

in 2012 (CDC 2012; CDC 2014), the prevalence of cardiovascular disease (including high blood 9 

pressure and various forms of coronary heart disease) in the population over 20 years old in 2010 10 

was 35% (Go et al. 2014), and ~40% of the population is predicted to be diagnosed with cancer 11 

during their lifetime (SEER NCI 2014). NCDs are important contributors to increasing U.S. 12 

health care costs, which were almost $3 trillion yr-1 in 2014, 18% of the total US GDP (CMS 13 

2013). NCDs can to a large extent be prevented by adopting a healthy lifestyle, including healthy 14 

diets (WCRF/AICR 2007; WHO/FAO 2003).    15 

 The link between diet, health, and climate is a new but growing research field. By using 16 

life cycle assessments (LCAs) (ISO 2006a; ISO 2006b), the climate impact of individual foods, 17 

meals and whole diets have been calculated (Scarborough et al. 2014a; Tilman and Clark 2014). 18 

Health aspects have been included in LCAs by expressing the climate impact of the food with a 19 

functional unit that relates to the nutritional content  (Doran-Browne et al. 2015), or by 20 

comparing the climate impact of  diets with varying nutritional content (Meier and Christen 21 

2012; Saxe et al. 2013; van Dooren et al. 2014; Westhoek et al. 2014). So far, few studies have 22 

used epidemiological data to study the relationship between diets’ impact on both GHGE via the 23 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



A healthier US diet could reduce GHGE from food and health care systems,  p. 3 

food system, and on health (Aston et al. 2012; Friel et al. 2009; Scarborough et al. 2012; 1 

Springmann et al. 2016; Tilman and Clark 2014) . The results from these studies show that 2 

dietary change offers substantial potential to simultaneously improve health and reduce GHGE 3 

from the food system.  4 

  However, there is no research to date on the combined effect on GHGE from the food 5 

and health care systems of the adoption of more healthy diets. Here we report research that 6 

addresses this gap. We modeled counterfactual healthy alternative diets (HADs) by adjusting 7 

foods in the SAD which are statistically associated with changes in the relative risk for three 8 

NCDs. We then estimated the change in GHGE from both the food and health care systems. Our 9 

results provide new insights into the relationship between food, health and climate that have 10 

important policy implications in the development of more sustainable food systems and the 11 

mitigation of anthropogenic climate change.  12 

 13 

 14 

2 Methods 15 

 16 

Additional information is available in Online Resource 1. 17 

 18 

 19 

2.1 System boundaries 20 

 21 

The spatial boundary of our study was the US, although we extrapolated LCA data for the food 22 

system from other countries when US data were not available, and data for disease risk were 23 
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from various countries. The reference year for our study was 2013, and we used either data for 1 

2013, extrapolated data to 2013 based on trends, or used data for the closest year when there was 2 

no basis for extrapolation. The system boundaries for emissions from the health care system 3 

(GHGE-H) were the components of the health care sector associated with the studied NCDs. The 4 

system boundaries for emissions from the food system (GHGE-F) were inputs to production at 5 

the distal end, including feed and pasture for animals, through retail at the proximal end, because 6 

these were the boundaries for the LCA studies we used, and included food wasted within these 7 

boundaries. Thus GHGE-F from land use change, and for retail to consumer transport, storage 8 

and preparation at the consumer stages, and household food waste disposal were not included, 9 

making our estimates conservative. GHGE (in terms of CO2e) comprised the three major 10 

greenhouse gases, CO2, N2O, and CH4. 11 

 12 

 13 

2.2 Overview of methodology 14 

 15 

Our method for estimating the effect of dietary change on GHGE comprised six steps (Fig. 1). In 16 

step 1, we defined the SAD using data on loss-adjusted food availability at the consumer level, 17 

identified foods linked to change in relative risk (RR) for NCDs, and created the HADs by 18 

adjusting these foods in the SAD. In step 2, we estimated the changes in disease prevalence with 19 

HADs, based on RR  estimates found in published meta-analyses. In step 3, we estimated 20 

changes in health care expenditures from dietary change, based on changes in disease prevalence 21 

from step 2. In step 4, we estimated ΔGHGE-H from dietary change, based on the cost of health 22 

care for each NCD from step 3. In step 5, we estimated ΔGHGE-F using LCA data found in the 23 
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literature. In step 6 we estimated the net total change in GHGE from dietary change, ΔGHGE-T 1 

= ΔGHGE-F + ΔGHGE-H.  2 

 3 

Fig. 1 HERE 4 

 5 

 6 

2.3 Step 1. Developing dietary scenarios  7 

 8 

We used the SAD as our reference and compared it with three counterfactual healthy alternative 9 

diets (HAD-1, -2, -3)  (Table 1). Dietary intake levels in SAD are based on the USDA per capita 10 

loss-adjusted food availability data by weight for 2012, the most recent year for which data were 11 

available (USDA ERS 2014).  12 

 To create the HADs, we adjusted SAD only for foods which met our three criteria: (i) 13 

USDA dietary recommendations were consistent with international dietary guidelines and 14 

recommendations (USDA and HHS 2010; WCRF/AICR 2007), (ii) there were high quality data 15 

correlating them with disease, and (iii) there were documented GHGE estimates from LCAs. The 16 

changes in HADs were increased consumption of fruits, vegetables, whole grains, and beans and 17 

peas, and reduced consumption of refined grains, and red (beef and pork) and processed 18 

(preserved by smoking, curing or salting, or addition of chemical preservatives) meat. Creation 19 

of the HADs thus involved only a portion of the total SAD. We did not change any other food 20 

groups (e.g. sugar sweetened beverages, white meat, fish, dairy, eggs) because they did not meet 21 

one or more of our three criteria. For example, we did not find enough high quality data linking 22 

added sugar or sugar sweetened beverages with CHD, T2D, or CRC.  23 
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 HAD-1 reflects the USDA dietary recommendations, the “USDA Food Pattern” (USDA 1 

and HHS 2010), and processed meat is limited to 20% of total red meat. In HAD-2 and HAD-3 2 

red and processed meat were further reduced to 25 g of cooked meat day-1 in HAD-2, to zero in 3 

HAD-3, and replaced by increases in beans and peas. The replacement of meat with plant-based 4 

protein is based on a framework developed by the USDA (USDA 2010) (see Online Information, 5 

section 1.1) .  6 

 7 

Table 1 HERE 8 

 9 

 10 

2.4 Step 2. Changes in relative risk of disease with changes in diet  11 

 12 

We based the selection of diseases to be included on a literature review of the NCBI Pub Med 13 

database in March 2014, using as keywords the selected food groups (e.g. “vegetables”) and 14 

CHD, hypertension, type 2 diabetes (T2D) and different types of cancer. We selected peer 15 

reviewed meta-analyses of prospective cohort studies, randomized controlled trial studies, and 16 

case-control studies, published between 2005 and 2014, that provided RR with 95% confidence 17 

intervals (CI).  18 

 We estimated the health effects of changing the diet from SAD to HADs by calculating a 19 

revised RR (RRre) (Eq. 1) for each food-disease RR (Scarborough et al. 2014b), as reported in the 20 

meta-analyses, proportional to the changes of that food in the HADs: 21 

 22 

RRre = RR((x-y)/u)     Eq. 1 23 
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 1 

where RR is the original RR obtained from meta-analyses for food f (e.g., processed meat) and 2 

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 3 

unit increase reported in the meta-analysis identified for disease d.   4 

 We then calculated the combined relative risk (RRcd) of the changes in all of the foods 5 

contributing to the RR for each disease by multiplying them:  6 

 7 

RRcd = RRre1 * RRre2 * RRre3 *…RRref    Eq. 2 8 

 9 

where RRre1, RRre2, RRre3, and RRref  are the revised RR values for each of the individual foods 10 

changed in the diet.  11 

 Finally, to construct 95% confidence intervals around the relative risk estimates for the 12 

HADs, we conducted a Monte Carlo simulation (Rubinstein 2007) with 5000 iterations in which 13 

the individual RR estimates for each disease were allowed to vary randomly according to a 14 

lognormal distribution. The result of a Monte Carlo simulation consists of a number of possible 15 

outcomes of the calculation, hence giving a representation of the probability of different results 16 

depending on the uncertainty and variation in the input data. 17 

 .  18 

 19 

 20 

2.5 Step 3. Changes in health care costs from changes in disease prevalence 21 

 22 
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In calculating the reductions in health care costs due to reductions in the RR of the three NCDs 1 

for each of the three HADS, we assumed that reduction in these costs in the US economy for 2 

each disease were directly proportional to reduction in the RRcd for each disease. We used the 3 

most recent and reliable data sources for expenses, and adjusted for inflation.  4 

 5 

 6 

2.6 Step 4. Change in GHGE due to changes in health care costs (ΔGHGE-H)  7 

 8 

We calculated per capita reduction in GHGE-H for the US population based on established 9 

relationships between different types of health care costs and their GHGE in the US using data 10 

from the Carnegie-Mellon IO-LCA (GDI 2014). The IO-LCA GHGEs are based on older IPCC 11 

estimates of GWP, and we also calculated GHGE by adjusting the GWP for CH4 from 21 to the 12 

most recent IPCC estimates (including climate-carbon feedbacks) of 34 for a 100-year time 13 

frame, and 86 for a 20-year time frame{Myhre, 2013 #12366@714, Table 8.7} (see Online 14 

Information section 1.6). While the GWP for N2O changed in the most recent IPCC assessment, 15 

the difference was much smaller (from 310 to 298 for the 100-year time frame), and would also 16 

have been more difficult to adjust.  17 

 18 

 19 

2.7 Step 5. Changes in GHGE in the food system (Δ GHGE-F) 20 

 21 

We quantified the effect on GHGE-F from changes in diet based on estimates of the GHGE of 22 

the specific foods included in the diets, provided from a review of published LCAs. The 23 
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literature search was performed in Web of Knowledge (ISI) in April 2014, using as keywords the 1 

foods included in the studied diets and LCA. We also manually searched reference lists from 2 

retrieved articles and reviews. GHGE-F data were collected for 28 different food categories and 3 

the median, lowest, and highest amount of GHGE-F kg-1 food available at the retail were 4 

determined (Tables OR 2, 3, 4). We adjusted the GHGE-F data to match the system boundaries 5 

of this study and to reflect the US food system, e.g. by adjusting the proportion of air transported 6 

fruit and hot house produced vegetables. GHGE-F data were for conventional food production 7 

and data on food produced outside of the US were limited to regions with similar production 8 

systems as the US and to regions that export food to the US. 9 

 In order to address uncertainty and variability in our GHGE-F results due to differences 10 

in production systems, regional conditions and methods used in different studies (Björklund 11 

2002; Nijdam et al. 2012; Röös and Josefine 2013), we conducted a Monte Carlo simulation 12 

(Rubinstein 2007). Because of the limited number and range of estimates in the literature, we 13 

used a triangular distribution model for each food category changed in the HADs from the 14 

baseline SAD. Each diet iteration involved a summation of the random values within each food 15 

category’s distribution. The 5000-iteration Monte Carlo simulation then produced a best estimate 16 

and confidence intervals for GHGE-F for each diet. 17 

 For beef, we also estimated GHGE based on different GWPs for methane. We did not 18 

adjust the GWP for methane from the other food categories since emissions data were often not 19 

broken out by greenhouse gas, which makes our estimates conservative. 20 

 21 

 22 
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2.8 Step 6. Net change in GHGE from dietary change (ΔGHGE-T) 1 

  2 

The net change in GHGE from dietary change was calculated as the sum of emission reductions 3 

in the food (ΔGHGE-F) and the health care systems (ΔGHGE-H).  4 

 5 

 6 

3 Results and discussion  7 

 8 

We found that our HADs resulted in large decreases in GHGE in the health care system, but 9 

especially in the food system, and that these could make major contributions to US and 10 

California climate change mitigation goals. Our estimates are conservative because the HADs 11 

included only a selection foods, a selection of associated NCDs, a selection of direct health care 12 

GHGE of those conditions, and did not include some important components of food system 13 

GHGE (e.g. from land use change and the consumer level).  14 

 15 

 16 

3.1 Reduction in relative risk of disease and health care costs  17 

 18 

The combined RR (RRcd) for CHD, T2D and CRC for all foods changed in the HADs was 19 

reduced by 20-45%, with the largest reduction for CHD, followed by T2D and CRC (Table 20 

OR5). HAD-3, in which all red and processed meat was replaced with legumes, provided the 21 

greatest reduction in disease prevalence of the HADs. 22 
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 The potential annual savings in US health care costs with reduction in prevalence of 1 

CHD, T2D and CRC, assuming that the entire US population made a transition from the SAD to 2 

the HADs, was $54, $65 and $72 billion yr-1 for HAD-1, -2, and -3, or 20-30% of the total 3 

expenses for these disease of $219.5 billion yr-1 (CMS 2013).  4 

 5 

 6 

3.2 Reduction in GHGE  7 

 8 

Reduction in GHGE-H (Table 2) was estimated from the reduction in health care expenses 9 

resulting from the reduction in RR (Table OR5), and thus shows a similar pattern to RR.  10 

 11 

Table 2 HERE 12 

 13 

 Reductions in GHGE-F were strongly affected by the incremental reduction in red and 14 

processed meat (Table 1), since they account for a large proportion of GHGE and of methane, 15 

resulting in reductions from 6% to 70% (Table 3). The relatively small emission reduction 16 

potential for HAD-1 was due to increased emissions from the large increment in fruits and 17 

vegetables relative to the reduction in red and processed meat (Table 1). Greater reductions in 18 

GHGE were achieved by HAD-2 and -3 due to additional reductions in red and processed meat, 19 

with no further increase in fruits and vegetables. 20 

 21 

Table 3 HERE  22 

 23 
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 Our results illustrate how sensitive estimates of GHGE-F from the diet are to the GWP 1 

for methane (see Online Information section 1.6). Many studies continue to use older IPCC 2 

estimates of the 100-year GWP of methane (21 in 1996, 23 in 2001, 25 in 2007), while the 2013 3 

estimate is 34. GHGE-F for SAD increased by 17% when 100-year GWP values for methane 4 

were updated to the current estimate, although only including methane from beef. While the 5 

IPCC states that the choice of one GWP time horizon over another is a value judgment with no 6 

scientific basis (IPCC 2013), most LCAs use the 100-year GWP. However, since CH4 has a 7 

lifespan of 12.4 years (IPCC 2013), using a 20-year GWP more accurately reflects its climate 8 

impact over the critical short term (Howarth 2014), especially for foods with high CH4 9 

emissions, like beef and other ruminant foods. CH4 absorbs high amounts of radiation in its short 10 

lifespan, resulting in a much higher value for the 20-year time frame. Using the 20-year GWP for 11 

CH4 doubled the GHGE reductions for the HADs compared with the 100-year GWP of 34.  12 

 Fig. 2 shows the combined reduction in GHGE capita-1 yr-1 with a transition from the 13 

SAD to the HADs and how these are affected by using different GWP values for methane. 14 

Reductions in GHGE-F dominated reduction potential in all HADs, accounted for 51-93% of 15 

total potential, and increased with increasing CH4 GWP values (Table OR6). The total including 16 

GHGE-H, the mitigation potential increased a maximum of about 90% for HAD-1 using a GWP 17 

for CH4 of 21, but decreased with increasing GWP for CH4, and for HAD-2 and -3 because of 18 

the greater contribution of CH4 to GHGE-F. For HAD-3 using a GWP for CH4 of 86, including 19 

GHGE-H only increased the total by 7%. 20 

 

Fig. 2 HERE 21 

 22 
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 1 

3.3 Limitations and uncertainty 2 

 3 

The results of this study are dependent on the quality of data used for food consumption, food 4 

losses, RR, health care expenses, and GHGE. In order to minimize, account for and illustrate the 5 

overall uncertainty in our results, we used validated data of high quality, aimed for high 6 

transparency in presenting our methods, and estimated the uncertainty of both GHGE-F and RR 7 

of food-related diseases with Monte Carlo simulation.   8 

 9 

 10 

3.3.1 GHGE-H 11 

 12 

A major assumption in our GHGE-H calculations was that the changes in RR are directly related 13 

to health care costs. In reality, diet change would only affect disease prevalence over time via 14 

reduction in incidence. Our results should therefore be interpreted as theoretical estimates of the 15 

disease prevalence attributable to the HADs over time, or as the health care costs associated with 16 

a counterfactual scenario where the HADs had always been adopted. 17 

 To minimize the risk of double counting health effects when combining RR estimates, we 18 

only used RR estimates from meta-analyses that adjusted for influencing confounders, such as 19 

other types of food intake, physical activity level, and history of disease. Also, by using whole 20 

food-based recommendations (e.g. vegetables), as opposed to nutrient-based recommendations 21 

(e.g. fiber), we reduced the risk of double counting health effects from nutrients found in various 22 

food groups. Despite these efforts, some risk of double counting remains, because the RRs are 23 
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drawn from meta-analyses of mainly prospective cohort studies which have measured usual diet 1 

imprecisely, allowing for residual confounding. For increased transparency, we presented the 2 

health effects of the HADs both for each dietary factor individually (Table OR 1) as well as for 3 

the combined effect of all dietary changes (Table OR5). 4 

 There are also some uncertainties in the IO-LCA data used to calculate GHGE-H because 5 

it uses an aggregate-based assignment of GHGE for economic activity in a given industry/sector, 6 

as opposed to process/product based assignment. Some components of the LCA, such as 7 

pharmaceutical manufacturing, leave out potentially important factors that could add to the 8 

GHGE of a given health care expenditure, and some components of our calculations were based 9 

on proxy data because GHGE data were not available for all activities. While it is not clear that 10 

the health care sector would experience the same rate of decrease in carbon intensity as the 11 

overall economy, we did adjust it to match this rate.   12 

 A more fundamental issue in estimating GHGE-H is the increase in life span with 13 

reduced risk of NCDs, which would increase the length of time individuals would be generating 14 

GHGE from their activities. Longer life expectancies may also result in increases in additional 15 

health care expenses for comorbid conditions.  On the other hand, the total health care costs 16 

might be reduced if many years of care for T2D, CRC, or CHD were replaced by fewer years of 17 

less expensive health care, and higher economic productivity. We did not consider the potential 18 

rebound effect of health care cost savings being used for equally or more carbon intensive 19 

activities, as this is a separate issue. We also did not consider the effect on GHGE of economic 20 

adjustments due to changes in demand for different foods (Jensen et al. 2013). 21 

 Reductions in GHGE-H were underestimated because we did not include many potential 22 

diseases (e.g. overweight and obesity, hypertension, stroke, and forms of cancer other than CRC) 23 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



A healthier US diet could reduce GHGE from food and health care systems,  p. 15 

associated with the foods we did change in HADs, due to lack of adequate RR documentation. In 1 

addition, there are also potential diet-disease links for foods we did not change in HADs, e.g. 2 

added sugar. Therefore, the total estimated health care expenses was a small part of the potential 3 

contribution of food-related diseases to the total US health care spending in 2013 of $2.9 trillion 4 

(CMS 2013).  5 

 6 

 7 

3.3.2 GHGE-F 8 

 9 

A main source of uncertainty in LCA results is the necessity of using data with a range of 10 

characteristics from a variety of sources, as we did. This is true both at the global (e.g. Bajželj et 11 

al. 2014), and at the regional or national level. Due to lack of data, GHGE data for US foods are 12 

typically sourced from other industrial countries with a range of “climatic conditions, 13 

transportation distances, and production methods and therefore are intended to provide a 14 

reasonable range of expected values, rather than a definitive result, for each food type” (Heller 15 

and Keoleian 2015). Life cycle data on GHGE-F related to the same food item can vary 16 

significantly according to different sources due to differences in production systems, regional 17 

conditions and methods used to produce the data (Björklund 2002; Nijdam et al. 2012). 18 

Uncertainty was also due to the necessity of using data for a limited selection of foods for each 19 

category. For higher precision, regional or country level LCA data would be required which are 20 

currently lacking.  21 

 We addressed this uncertainty in GHGE-F estimates with a Monte Carlo simulation using 22 

a triangular distribution model for each food category as discussed above. This method assumes 23 
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that uncertainty in GHGE estimates for each food group are independent of each other, which is 1 

a reasonable assumption because most data were from different studies.   2 

 GHGE-F estimates were conservative because we did not include land use changes, 3 

which can increase emissions from the diet by 10-30% (Röös et al. 2015), although this varies 4 

greatly depending on the assessment method used.   5 

 Potential GHGE-F reductions may also have been underestimated because only a portion 6 

of the foods in the SAD was changed in the HADs , while other foods with high emissions (e.g. 7 

dairy and other meats) were not. For example, one estimate for the GHGE of dairy in the US in 8 

2008 was 133.6 Tg CO2e yr-1, (using a 100 year GWP for methane of 25) (Thoma et al. 2013), 9 

equivalent to 439 kg CO2e capita-1 yr-1, which is ~30% of the GHGE we estimated for SAD (for 10 

a 100 year GWP for methane of 34). Our results are also likely underestimates to the extent that 11 

the EPA underestimates livestock methane emissions in the US, which could by almost 50% 12 

(Turner et al. 2015), and points to the need for policies for the livestock industry, the only major 13 

sector not required to report GHGE. 14 

 15 

 16 

3.4 Significance 17 

 18 

To our knowledge, this is the first study of diet GHGE to: model counter factual diets by making 19 

incremental changes based on recommendations only for foods for which there were high quality 20 

RR data for noncommunicable diseases; estimate reduction in GHGE-H from the health care 21 

sector resulting from a change to these diets, in addition to GHGE-F; and use the current and 22 

more timely 20-year GWP for CH4. Our HADs are counterfactual diets illustrating the potential 23 
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for foods that decrease the RR of NCDs to also decrease GHGE, and are meant to illustrate the 1 

potential for diet change to contribute simultaneously to improving health and mitigating and 2 

climate change.  3 

 Compared with previous estimates of just the GHGE-F embodied in the diets of 4 

industrialized countries (most of which use a methane GWP of 21), which are in the range of 5 

1400-3200 kg CO2e capita-1 yr-1 (Hallström et al. 2014), HAD-1 to -3 would reduce emissions 6 

~4-44% (for a CH4 GWP of 21). When using the 20-year CH4 GWP, our results showed that in 7 

terms of the total US capita-1 GHGE, the maximum potential reduction was less than 3% with 8 

HAD-1, up to 7% with HAD-3 (Table OR7), which is equivalent to removing ~9 to 108 million 9 

vehicles from US roads (based on 4.75 MT CO2e vehicle-1 yr-1 (EPA 2014a).  10 

 However, the real significance of the potential of HADs is in comparison with mitigation 11 

targets. For example, the range of contributions to mitigation targets potentially achievable for 12 

HADs (from HAD-1, CH4 GWP = 21 to HAD-3, CH4 GWP = 86) is 4-37% for the US 13 

President's Climate Action Plan goal of a 17% reduction below US 2005 net GHGE levels by 14 

2020, and 27-151% for California’s AB 32 goal of reaching 1990 emission levels by 2020 15 

(assuming 2020 emissions equal to 2012 emissions) (Table OR7). This suggests that promoting 16 

diet change could be an effective and efficient strategy for reaching near-term GHGE mitigation 17 

goals, with relatively minimal investment in new research, technology and infrastructure. 18 
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4 Conclusions 1 

 2 

In accordance with several previous studies (Hallström 2014; Scarborough et al. 2014a; Tilman 3 

and Clark 2014; Westhoek et al. 2014) {Springmann, 2016 #12035}, our results support the 4 

hypotheses that healthier eating habits can contribute to large reductions in GHGE and disease, 5 

and that reduction of animal foods, especially red and processed meat, is key.  6 

 In addition, we show for the first time that the reduction in health care costs with 7 

reduction in NCDs could also reduce GHGE. The potential for this reduction is likely much 8 

greater than our estimates, which were conservative, and limited by the lack of data. We also 9 

show that using the more timely, short-term GWP of methane can have a major effect on 10 

estimating the impact of diet change. This is important, because keeping within the 2ºC increased 11 

temperature limit will likely require reduction in GHGE in the near term, including in the food 12 

system (Bajželj et al. 2014; Springmann et al. 2016).  13 

 Given the urgency of mitigating GHGE and improving public health over the short term, 14 

diet change could play a much more prominent role in national, state and local climate policies. 15 

Because most food choice decisions are the result of unconscious habit, and differ from 16 

perceived barriers to climate friendly food choices, and because the public seems largely 17 

unaware of a link between diet and climate change (Mäkiniemi and Vainio 2013), there is a role 18 

for increased education about the relationships among food choice, climate and nutrition. 19 

Increased knowledge of the positive synergistic health effects of reducing GHGE via diet change 20 

could motivate greater efforts in the future to develop and implement such changes, both at the 21 

individual and policy levels. Our results provide new knowledge that could help motivate 22 

effective change. 23 
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 1 

 2 

5 Tables 3 

Table 1 Foods in SAD that were changed in HADs 

Food 

g capita-1 day-1 a Change from SAD to 

SADb HAD-1 HAD-2 HAD-3 HAD-1 HAD-2 HAD-3 

Total redc & processed meat 92 51 25 0 -45% -73% -100% 

     Unprocessed red meat 58 41 25 0 -29% -57% -100% 

     Processed meatd 34 10 0 0 -71% -100% -100% 

Total fruits and vegetables 335 672 707 741 101% 111% 121% 

     Fruits 74 299 299 299 304% 304% 304% 

     Fruit juices 60 75 75 75 25% 25% 25% 

     Vegetables without beans and 

peas 
194 283 283 283 

46% 46% 46% 

     Beans and peas 7 15 50 84 114% 614% 1100% 

Total grains 167 131 131 131 -22% -22% -22% 

     Whole grains 17 79 79 79 365% 365% 365% 

     Refined grains 150 52 52 52 -65% -65% -65% 

 aIntake levels of meat, and beans and peas are given in cooked weight, while grains, fruits and vegetables 

in uncooked weight. Basis for RR calculations. 

bSAD based on loss adjusted food availability (USDA ERS 2014). 

cRed meat refers to beef and pork. 

dProcessed meat refers to meat preserved by smoking, curing or salting, or addition of chemical 

preservatives. 
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Table 2 Reduction in GHGE-H with change to HADs (kg CO2e capita-1 yr-1)a  

Diet HAD-1   HAD-2   HAD-3 

CH4 GWP 21 34 86   21 34 86   21 34 86 

NCD CHD 15 16 20 
 

16 18 22 
 

17 18 23 

 

T2D 47 50 63 

 

55 58 73 

 

58 62 78 

 

CRC 3 3 4 

 

3 4 5 

 

4 4 5 

  Total 65 69 87 

 

75 80 100 

 

78 84 106 

aCalculated from revised RR (RRre) estimates for each food-disease 

relationship (Table OR5), the associated reduction in health care costs, and 

the GHGE generated by these costs. 
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  1 

Table 3 GHGE-F for different methane GWP for foods changed in HADs, and 

reductions from SAD 

CH4 

GWPb 

Diet 

SAD HAD-1 HAD-2 HAD-3 

GHGE-F for foods changed in HADsa, best estimate and 95% CI 

(kg CO2e capita-1 yr-1) 

21 
1,199 1,130 893 656 

869-1506 922-1330 770-1015 577-740 

     

34 
1,397 1,245 951 655 

985-1776 990-1475 807-1091 576-742 

     

86 
2,168 1,689 1,163 655 

1418-2835 1257-2081 945-1333 5776-739 

 

Reduction in GHGE-F with change to HADs from SAD (kg CO2e 

capita-1 yr-1) 

21 
 

68 306 543 

34 
 

153 446 742 

86 
 

478 1,005 1,512 

 
Per cent reduction SAD-HADs 

21 
 

6% 26% 45% 

34 
 

11% 32% 53% 

86   22% 46% 70% 

aGHGE based on amounts of foods purchased (Table OR1), and GHGE for 

foods (Table OR2) from the literature (Table OR3); best estimate and 95% CI 

estimated with Monte Carlo simulation. 

bDifferent methane GWPs used for calculating CO2e emissions for beef. Of 

the seven source studies, six used a GWP of 21 and one used 23. 
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6 Figures captions 1 

 2 

Fig. 1 Flow diagram of research design. RPM=red & processed meat, F&V=fruits & vegetables, 3 

B&P=beans & peas; see text for other acronyms 4 

 5 

Fig. 2 Reduction in GHGE with HADs from the food and health care systems 6 
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1. Reviewer #1:  

 

Summary of Comments on CLIM-D-15-00517.pdf 

 

1.1. This manuscript seeks to quantify GHGE from selected US diets, including contributions 

from the food itself and from the associated health care costs. This is a valuable analysis 

and makes an important contribution to our ability to link food systems, health and 

environment.  As interest increases in quantifying health externalities of our food system, 

these numbers may get a lot of mileage.  I concur with the authors that this is a novel 

approach.  The paper is also very well written, researched and referenced. Given the 

complexity of doing this work, I appreciated that they included a detailed limitations 

section. 

 

Major comments 

1.2. *     In describing the project and results, please qualify the statement that the analysis 

reflects "total" GHGE.  Below are a few places in the text to edit: p5 line 17, p10 line 46, 

p11 line 19, p17 line 26, Figure 1.   

RESPONSE: We have clarified in section 2.1 that “GHGE”, also referred to as CO2e in our 

paper, comprises only CO2, N2O and CH4. The reviewer may have misinterpreted our reference 

to “net total change in GHGE” as “total GHGE”. For the examples cited, our submitted ms. 

states:  

p. 5, l. 17, “net total change in GHGE from dietary change, ΔGHGE-T = ΔGHGE-F + 

ΔGHGE-H”,  

p. 10, l. 46, “Reduction in GHGE-H with change to HAD”,  

p. 11, l. [7-] 9, “Greater reductions in GHGE were achieved by HAD-2 and -3”,  

p. 17, l. 26, [we see no statement about GHGE here], 

Fig. 1, “net total change in GHGE from dietary change, ΔGHGE-T”.   

 

1.3. Should state early on that this is a conservative estimate because it includes only selected 

foods, selected associated NCDs, selected direct health care GHGE of those conditions, and 

does not include associated non-health care GHGE.   

RESPONSE: We have added a brief summary statement including reasons why our results are 

conservative at the beginning of section 3 in the main text. 

Authors' Response to Reviewers' Comments



 

1.4. *     The authors describe a lot of methods, but there are still a number of places where 

more detail would be helpful in understanding the work, as noted below. Perhaps an 

appendix would be appropriate if it gets too long. 

RESPONSE: In the submitted Online Resource we documented details of the methods, and 

referenced these in the main text. We have added further clarifications as documented in our 

other responses to reviewers’ comments. 

 

Minor comments and requests for clarification of methods 

 

1.5. *     P4 Line 39:  Clarify why including only food wasted at the consumer and post-

consumer levels.  If you used USDA food waste data, I believe that would include retail 

and restaurant unless you specifically excluded it.  (If a change is made here, also change 

line 31) 

RESPONSE: We have clarified in section 2.1 by adding that our boundaries were determined 

“because these were the boundaries for the LCA studies we used”. However, as explained in the 

submitted ms., because the amount of food used in estimating GHGE was calculated by 

beginning with amount in our model diets, and adding amount wasted from farm gate to 

consumer, the GHGE for this wasted food were included, but not the additional GHGE incurred 

at the consumer level.  

 

We have deleted that confusing sentence (lines 34-41 in the submitted ms.). We have clarified 

text in section 2.1 that food waste was included within our system boundaries for GHGE-F, 

which we explained in the submitted ms. (section 2.1: “inputs to production at the distal end, 

including feed and pasture for animals, through retail at the proximal end”), and which was 

based on the methods of the LCA studies we used.  

 

We also explained in the Online Resource (section 1.5) the methodology we used to account for 

food waste in estimating the amount of food purchased (i.e. “retail” amount): “The purchased 

amount of food in SAD was based on “consumer weight” data from 2012 (USDA ERS 2014) 

which refer to the weight of the product as it is purchased at the retail level, i.e. after subtracting 

retail-level losses but before losses at the consumer level (Muth et al. 2011). The amount of food 

purchased in the HADs was quantified by assuming the same percentage of household food 

losses in each food category as in the SAD.” 

 

1.6. *     P5 line 6: explain concept of RR, given the audience 

RESPONSE: We added these definitions in the Online Resource (section 1.2): “Meta-analyses 

used in our study are mainly based on prospective cohort studies in which the RR was 

(cumulative incidence of the disease in a population with a given level of intake of a 

food)/(cumulative incidence of the disease in that population with a different level of intake of 

that food). In case control studies, odds ratios were assumed to approximate RRs. The RR as 

applied in our scenarios is the estimate of the proportional difference in the risk of disease 

between an individual consuming the current diet and an individual consuming the dietary 

scenario.”  

 



We also added this further clarification in the first paragraph of section 2.4: “and case-control 

studies” (because one of the studies we used as a source of RRs (Micha et al. 2010) used odds 

ratios from case studies which they “assumed to approximate” RRs. 

 

1.7. *     How did you address refined grains in the GHG estimates - was it only the added ghg 

of refining them compared to whole grain versions? 

RESPONSE: We did not differentiate between whole grains and refined grains in the GHG-F 

calculations as these data were lacking; instead we differentiated among grains between 

cereals/corn and rice (shown in Table OR2, and OR4), for both whole grains and refined grains, 

and calculated the GHGE for cereals/corn and for rice separately.  A clarification is added to 

section 1.5 in the Online Resource. 

 

1.8. *     Why were SSB and fish not included? I believe these could meet your criteria.  Also 

there could be a way to look at added sugar.  I am not asking you to redo the analysis, but 

put a brief comment at least.  

RESPONSE: We explained our choice of foods in section 2.3 of the submitted ms. We edited 

the first sentence in the second paragraph to make more explicit: “To create the HADs, we 

adjusted SAD only for foods which met our three criteria”. We have also added as an example 

that added sugar and SSBs were excluded since the evidence of diet-disease correlation was 

judged insufficient.   

 

1.9. *     Clarify how the HAD scenarios match with the dietary changes observed to result in 

the RRs? If these are extrapolating significantly beyond the dietary changes studied, that 

would be a limitation to note. 

RESPONSE: We added in the second paragraph of section 2.4 a clarification that we calculated 

revised RR (RRre) for each food-disease RR, as reported in the meta-analyses, “proportional to 

the changes of that food in the HADs”. The methodology used is also described in detail in 

section 1.2 of the Online Resource. We also clarified, in a paragraph added at the end of that 

section, that the dietary changes studied are within the range of data in the meta-analyses for the 

changes in red and processed meat, fruit and vegetables and whole grains. 

 

1.10. *     How did you handle it if there were multiple meta analyses? 

RESPONSE: When there was more than one meta-analysis RRre for a food-disease combination, 

we used an arithmetic average. This is explained in the submitted Online Resource (section 1.2).  

 

1.11. *     Note in limitations: the frequency of comorbidities is another reason the calculated 

health care impacts may be "off" - summing might not get the right answer. 

RESPONSE: This comment is difficult to understand, and we hope that we have not 

misunderstood the reviewer. We think the reviewer is concerned that the saving in health care 

costs that we have calculated is an over-estimate, since we were not able to allow for additional 

health care expenses for comorbid conditions as a result of longer life expectancies (due to 

reductions in NCDs in the scenarios). We acknowledge that this is a limitation and have added a 

sentence about this in the fourth paragraph of section 3.3.1.  

 

1.12. *     What kind of search was performed to identify the LCA studies used?   



RESPONSE: We performed a literature review of previously published LCA data of the 

different food groups included in the diets studied. We have added clarification of the methods in 

the first paragraph of section 2.7 in the ms. 

 

1.13. *     Reference needed for the proportions of air transported fruit and hothouse vegetables   

RESPONSE:. We cite Wells et al. (for proportion hothouse grown tomatoes and peppers) and 

Volpe et al. (for proportion air transported) in the submitted Online Resource (section 1.5). We 

have clarified that text to state that we could find no data on proportion of imported fruits in the 

US food supply by transport mode, but made conservative estimates based on the limited 

information in Volpe et al. 

 

1.14. *     P11 first paragraph: Not sure if this is a word count issue, but this is a lot of acronyms. 

Even knowing what they all mean, it's hard to read.  This is also an issue with fig 1, among 

other places. In Fig 1, could consider replacing some of it with visual icons. 

RESPONSE: We are already pushing word count limits so prefer not to replace acronyms. We 

feel that we used a fairly limited amount of acronyms, most of which are standard (e.g. GHGE, 

IPCC, GWP), and chemical formulae (CO2, N2O, CH4). We do not think it would be an 

improvement to try to use icons in Fig. 1. 

 

1.15. *     P17 line 36, clarify what calculation you're doing here. 

RESPONSE: We rewrote this sentence [actually on numbered p. 15, last paragraph in section 

3.3, in the submitted ms.] to clarify that we were illustrating the magnitude of GHGE-F for one 

of the foods not changed in the HADs: “For example, one estimate for the GHGE of dairy in the 

US in 2008 was 133.6 Tg CO2e yr-1 (using a 100 year GWP for methane of 25) (Thoma et al. 

2013), equivalent to 439 kg CO2e capita-1 yr-1, which is ~30% of the GHGE we estimated for 

SAD (for a 100 year GWP for methane of 34).” 

 

1.16. *     P18 line 21: "may be no more challenging for the case of diet than for other ghg 

mitigation measures" -- Maybe don't say this unless you want to provide literature or 

something else to back it up. I'm not convinced it's true.  Also it's kind of apples to oranges. 

RESPONSE:  We deleted the referenced text. 

 

1.17. *     P18 line 31: add in update that it wasn't ultimately included in the DGs.   

RESPONSE: The paragraph in which this sentence appears (actually p. 17 of the submitted ms., 

lines 24-36) has been removed because not central to our paper, and to be within word limits.  

 

1.18. *     P18 line 45: note that even when they know about it, evidence seems fairly consistent 

that environment isn't a top motivator for most. (Though this varies - may be more 

motivating in millenials, for example.) 

RESPONSE: See response to 2.8 below. 

 

1.19. *     P19  Consider mentioning that the meat industry is the only major GHG emitting 

industry in the US that is not required to report emissions.  Indeed, livestock and other diet-

related GHG are rarely tracked and included in national targets.  Given the magnitude of 

the potential impact you are describing, governments should consider incorporating 



it.  This would be a valuable message to put in front of Climatic Change readers, to tune 

them in to this omission.  

RESPONSE: We agree that this is an important issue and have added reference to this at the end 

of section 3.3.2 in the ms. 

 

1.20. *     Table 1:  [add into the related text] How were the % changes determined, esp for had-2 

and 3? What was the rationale for the substitutions chosen in reduced meat diets?  There 

are multiple ways of doing this, but it's not clear from the numbers how you approached 

this.    

RESPONSE: The methodology used to create the dietary scenarios is described in detail in 

section 1.1 in the Online Resource. For clarification we have also added some further description 

to the main text (section 2.3).  

 

1.21. *     Table 1: Why increases in fruit juices? Do the dietary guidelines recommend that? 

RESPONSE: The USDA food pattern recommends that the total intake of fruit and juices should 

increase. It is further  recommended that “the majority of the fruit intake should come from 

whole fruits, including fresh, canned, frozen, and dried forms, rather than from juice” (USDA 

and HHS 2010), but there is no specification of the exact amounts of the intake that should come 

from whole fruits and juices. Based on this, the total intake of fruit and juices in the HADs was 

increased according to the USDA guidelines but the proportion of the total intake coming from 

fruit juices was limited to 20% (described in the Online Resource, section 1.1., second 

paragraph). We have also clarified that the juice in the HADs was not sweetened fruit beverages; 

the USDA considers “sweetened juice products with minimal juice content, such as juice drinks, 

as sugar-sweetened beverages rather than fruit juice”.  

 

1.22. *     Table 1: In HADs 1 and 2, it could be reasonable to assume that other meat types 

would increase if red and processed meat decreased.  While the GHGE is not as high in 

poultry and pork as it is for red meat, it's still higher than most other foods, so this result 

overstates the impacts of the change. 

RESPONSE: In our study red meat refers to both beef and pork, based on the definition by the 

World Cancer Research Fund, and we have clarified this in the revised ms. (section 2.3 and table 

1) and in the Online Resource (section 1.1, paragraph 1). As described in section 2.3 in our 

submitted ms. (and in the Online Resource, section 1.1), our model assumed that beans and peas 

substituted for protein in meat, and that there was no change in other foods in the diet as a result 

of the foods changed in the HADs. It is true that the reduction in GHG would have been smaller 

if red meat would have been replaced by poultry instead of beans and peas in the HADs; this was 

however not the scenario we studied. 

 

1.23. *     Table 1: How was processed meat defined?  (It could be made from multiple different 

animals and could double-count red meat.) 

RESPONSE: Processed meat in our study refers to meat preserved by smoking, curing or 

salting, or addition of chemical preservatives, based on the definition by the World Cancer 

Research Fund, this has been clarified in the revised ms. (section 2.3) and in the Online Resource 

(section 1.1). To avoid double counting the health effect of reducing intake of red meat, a 

distinction was made between unprocessed and processed red meat when calculating the changes 

in relative risk (see table OR5 in Online Resource, section 2.1).    



 

 

2. Reviewer #3 

 

2.1. Reviewer #3: The paper analyses the effect on health and greenhouse gas emissions from a 

changed diet in US. The paper adds to the literature by considering health effect and effect 

on greenhouse gas emissions simultaneously. The overall method seem valid, even though 

I cannot evaluate the parameters used for health consequences. Still, I have some major 

objections to the paper that has to be addressed before publishing. 

 

2.2. The method to estimate the GHG effect due to lower health care expenses is flawed.  

RESPONSE: We do not agree that the method to estimate health care expenses, and their 

GHGE, is flawed. Reviewer 3 does not provide any details for this statement, so we cannot 

address any specific concerns s/he has. We described in the submitted ms. (sections 2.5 and 2.6) 

and the submitted Online Resource (sections 1.3 and 1.4) our methods for estimating the changes 

in health care expenses from changes in disease prevalence, and for estimating the changes in 

GHGE from changes in health care expenses. We were clear about our assumption that the 

changes in RR followed a log-linear response, and that reductions in RR would have a 

proportional impact on economic activity. We believe that these methods are more detailed and 

accurate than those used in much of the previous research we cited.  

 

2.3. The authors write that they do not consider the rebound effect. In reality the rebound effect 

is likely to be more than 100 % as health care is probably one of the least carbon intensive 

activities in the economy. If money is saved in health care they will most likely to spent in 

a more carbon intensive part of the economy. The authors also mentions the problems of 

longer life-spans etc, but does not seem to account for that. To make a real estimation 

would be much more demanding and would probably reach the conclusion that the 

emissions would increase. As it is now the calculation is misleading and should be omitted. 

RESPONSE: We do not agree that not estimating the effect of rebound and backfire on the 

system wide GHGE invalidates our calculations. In fact, most scientific papers estimating the 

effects of diet change on health and GHGE (e.g. Springmann et al. 2016; Tilman and Clark 

2014) do not include analysis of the potential effects of rebound or of change in lifespans, 

because this is outside of the scope of the research. The contribution of this research, including 

our own, is to increase knowledge about the potential for reducing GHGE, not to model the way 

in which this potential would play out in the wider system. 

 

2.4. The results cannot be reproduced and even evaluated as too little data is presented in the 

paper. Which LCA data is used for red meat, pulses etc, and the risk factors for health 

impact? This data must be presented in the paper or in an Appendix. Several 

methodological steps is also very briefly described as how waste from retail and 

households are handled or altered system boundaries. These part must be extended.   

RESPONSE: We did describe these data and methods in detail in the submitted Online 

Resource, which it appears Reviewer 3 did not see. LCA data used were described in tables OR2 

and OR4, and relative risks in table OR2. The methodology used to account for food waste is 

described in the Online Resource (section 1.5, paragraph following table OR1 : “The purchased 

amount of food in SAD was based on “consumer weight” data from 2012 (USDA ERS 2014) 



which refer to the weight of the product as it is purchased at the retail level, i.e. after subtracting 

retail-level losses but before losses at the consumer level (Muth et al. 2011). The amount of food 

purchased in the HADs was quantified by assuming the same percentage of household food 

losses in each food category as in the SAD.” 

 

2.5. The discussion on GWP values is weak and uninformed. The author state that methane is 

important in the critical short term. This is not justified or explained, climate change is a 

long term challenge, what is critical in the near term? To use GWP20, mean that you 

ONLY consider the climate effect the next 20 years, and do not at all consider any effect 

thereafter. Therefore disregard melting of the Greenland ice cover or sea level rise, and the 

effect on coming generations. As the authors state this is a normative choice and not a 

scientific. Still, in the abstract they call GWP20 more "realistic".   

RESPONSE: We agree that the term “realistic” is not a good choice, and have replaced it with 

“timely”. However, we do think the 20 year GWP values are important to consider because they 

give a strong indication of how much warming can occurs over a short time period due to 

methane, and have added reference to (Scovronick et al. 2015) in support of using a 20-year 

GWP for methane. We have added section 1.6 in the Online Resource to address this in more 

detail, along with other comments related to GWP. However, we do not see this paper as a 

defense of using what is (for better or worse) a common set of metrics. Short term gains from 

reducing methane emissions could be critical for mitigating climate change, something we point 

out in the submitted ms. (section 1). We also included 100 GWP values in our analysis, in order 

to provide a comparison with other research. Using the 20 year GWP for methane does not imply 

that we do not consider longer term climate effects of methane, which depends on emission rates. 

Rather, our intention is to focus on the potential for rapid response. Furthermore, because we 

emphasize that effective climate change mitigation in the short term is critical, our goal is to 

show that dietary choices can have an immediate effect. We do not, however, imply that diet is 

the only issue.  

 

2.6. Even though the LCA studies use GWP100 of 21, this number is outdated, so there are no 

reason to report those values (GWP here accounted for only a few indirect effects). 34 is 

the reasonable number if GWP100 is used.  

RESPONSE: We do not agree with Reviewer 3’s point about providing results for a GWP of 21 

for methane. Providing results for these three GWPs illustrates the sensitivity of estimates of diet 

impact on climate to GWP values. In addition, because so many studies in the past use 

inconsistent GWPs, we think it important to show that older studies and methodologies could 

come up with different values. Making this matter salient in the graphics is important as well, 

because many studies do not make adjustments when referring to previous literature. We have 

clarified these points in the new section 1.6 in Online Information. 

 

2.7. The authors could have a discussion of different metrics and the effect of those, but need to 

carefully study the extensive literature on the subject first, starting for instance with 

Persson et al 2015 http://iopscience.iop.org/article/10.1088/1748-9326/10/3/034005/meta  

RESPONSE: While we did discuss this issue briefly in the main text, we agree this requires 

more attention, so we have added a discussion of climate impact metrics in the Online Resource 

(section 1.6). We found the suggested study by Persson et al. study valuable, and that it supports 

our current methodology. We considered the three GWP values for methane (21, 34 and 86) in in 

http://iopscience.iop.org/article/10.1088/1748-9326/10/3/034005/meta


order 1) to be backwards compatible with older literature (GWP = 21), 2) to have an up-to-date 

standard metric (GWP =34), and 3) to emphasize the potential of rapid mitigation in response to 

behavioral change (GWP = 86). Following Persson et al., we do not think it appropriate to use 

global temperature change potential (GTP), and have pointed this out in our addition to the 

Online Resource. In addition, GWP is by far the most commonly used indicator used in the LCA 

literature, we tried to remain consistent with the standard approaches in the field, with the 

exception of pointing out the potential impact of using the 20-year timeframe. However, 

considering the multiple issues in the use of GWP and GTP for methane would go well beyond 

the scope of our paper. We have clarified these points in the new section 1.6 in Online 

Information, and we have referenced this Online Information in the main text (sections 2.6 and 

3.2). 

 

2.8. The author's state on several occasions that diet shifts only require minimum investment 

and research etc. That is true, still authorities have tried to get people to eat healthy for 

decades with little success. Why would an abstract environmental threat make people to 

change eating habits, when their own health was not motivation enough? The authors 

should provide a more in-depth and nuance discussion about this, and discuss how the 

changes they are investigating could come about.  

RESPONSE: See 1.18 above. This is an important topic, but beyond the scope of our paper. Like 

many other papers estimating the effects of diet change on climate and health (Springmann et al. 

2016; Tilman and Clark 2014), our goal is to provide results that contribute to the discussion of 

the potential for diet change, and not to analyze how that change could come about. Our 

conclusion therefore highlights the potential for diet change to contribute to climate change 

mitigation, but does not discuss how that could happen.  

 

2.9. The last sentence in the conclusion lacks any support in the paper as the implicit cost of 

behavioral changes has not been assessed. 

RESPONSE: We agree that this statement would require further support, and have deleted it.  
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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

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
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