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This study revealed that elevated carbon dioxide level under future emission

could impose substantial risk to nutrient deficiency, particularly for micronutrients, including
protein, iron, and zinc. In the high CO2 concentration scenario, the percentage of population under
protein, iron, and zinc deficiency will increase. In addition, the impact has distributional effect.
Population in the low income class tend to suffer higher nutritional loss compared to the high
income class. Meanwhile, stringent climate mitigation policy could also increase the risk of
nutrient deficiency due to higher food prices and lower income. Simulation anslysis shows that
dietary change (i.e., replacing certain of ruminant meat with fish) could alleviate nutrient
deficiency and contribute to climate mitigation.
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Food and nutrition security is fundamental to human development. Globally, about 820
million population are in chronic hunger. In addition, a larger population (2 billion) is under
the threats to health and wellbeing of micronutrients deficiency (i.e. hidden hunger), which
causes one million death annually on a global scale. Along with calories, supply of
micronutrients is projected to face a pronounced challenge in 2050 under climate change.

The annual globally averaged CO2 concentration continues to rise yearly, with a value of
407 ppm at a historical high reported for 2018. If anthropological CO2 emissions are allowed
to continue unabated, the annual globally averaged CO2 concentration is predicted to reach
550 ppm by 2050.

Raising CO2 and the subsequent climate change jeopardizes micronutrition security by
reducing crop yield and micronutrient density for food. Modeling studies have found that
changes in the 21st century, such as temperature and precipitation, are likely to reduce crop
yield. For example, the yield of wheat will decrease by 16% in tropical regions under 2°C of
warming. Besides, field experimental studies conducted under free-air carbon enrichment
conditions have suggested that elevated atmospheric CO2 substantially decreases the protein
and micronutrient content of crops, which are the primary source of micronutrients for the
poor. For example, C3 crops, such as wheat and rice, produce up to 15% less protein under
550 ppm COZ2; the iron content of the edible portion of food crops is decreased by 4-10%; and
the zinc content in C3 grasses is also drastically reduced.

Stringent climate mitigation policy to achieve the Paris Agreement goal could avoid the
negative effect on yield and nutrition density. However, the subsequent expansion in
bioenergy (by leading to competition in land and water with food production), mitigation costs,
and reduction in income in developing countries accompanying the mitigation policy might
also reduce food availability and consequently hamper micronutrient security. Failure to
obtain adequate micronutrients can result in sickness and death. For example, iron
deficiency lowers cognitive ability and increases maternal mortality. Zinc deficiency causes
diarrhea and delayed sexual maturation.

With an expected world population of 10 billion by 2050, food and nutrition security will
face enormous challenges and humanity will be exposed to considerable health risks under
climate change impact and mitigation policy. Therefore, it is imperative to assess the effects
of climate change impact and mitigation on global micronutrition security for the 21st

century and propose the countermeasures to alleviate the side-effect of mitigation policy.

This study aims to investigate the potential impact of climate change (elevated atmospheric
CO2) and climate mitigation on human nutrient deficiency and explore the countermeasures.
In specific, it aims to answer the following research questions: (1) What are the effects of
elevated CO2 and climate change nutrient deficiency (iron, zinc, and vitamins) in 2050 ? (2)

What are the effects of climate mitigation policy on nutrient deficiency in 2050? (3) What



countermeasures could offset the negative effect of mitigation (such as trade, redistribution,

and bioenergy tax)?

This study adopted an integrated assessment modeling framework, with the combination of
various approaches. The impact of elevated CO2 on nutrient deficiency was simulated by
combining future dietary scenario, nutrient density data under high CO2 concentrations, and
regression analysis. The impact of climate mitigation policy on nutrient deficiency was
investigated with a series of integrated assessment models, which allow the incorporation of
biophysical condition, socioeconomic change in future, and policy intervention simultaneously.
The exploration of countermeasures was implemented through dietary change scenario

analysis.

(1) The impact of elevated CO2 on nutrient deficiency

Using the Chinese adult population as the study population, results (Table 1) suggest that
for protein, mean daily intake was predicted to decrease by 4.6% (4.75%) for males (females);
as a result, the prevalence of protein deficiency will increase by 4.42% (3.90%), which is an
additional 27.14 million adults (males, 15.20 million; female, 11.94 million) with protein
deficiency. For iron, mean daily intake was predicted to decrease by 2.23% (2.17%), although
the absolute reduction is small (males, 0.48 mg; females, 0.39 mg). As a result, the prevalence
of iron deficiency will increase by 1.35% (1.77%), or an additional 10.06 million adults (males,
4.64 million; females, 5.42 million). For zinc, mean daily intake was predicted to decrease by
3.29% (3.44%) for male (female); as a result, the prevalence of zinc deficiency will increase by
3.29% (3.40%), which is an additional 21.73 million adults (males, 11.32 million; females,

10.41 million) with zinc deficiency.

Table 1. Changes in nutrient daily intake and deficiency prevalence under the 550-ppm CO2 scenario.

(a) Male Protein Iron Zinc
Percentage  Absolute Percentage  Absolute Percentage  Absolute
Mean daily intake —4.60% -3.75¢g -2.23% -0.48 mg -3.29% -0.37 mg
Deficiency prevalence  +4.42% 15.20 m. +1.35% 4.64 m. +3.29% 11.32 m.
(b) Female Protein Iron Zinc
Percentage  Absolute Percentage  Absolute Percentage  Absolute
Mean daily intake —4.75% -3.27¢g -2.17% -0.39 mg -3.44% -0.32 mg
Deficiency prevalence  +3.90% 11.94 m. +1.77% 5.42 m. +3.40% 10.41 m.

Note: m. (million)

Nutrient loss rates would be greater for lower-income groups than for higher-income groups
(Figure 1). The average nutrient loss rate of the lowest income group (D1) was 1.54 (protein),
1.44 (iron), and 1.37 (zinc) times that of the highest income group (D10). The difference of

percentage changes for the lowest income group and the highest income group was 1.81%,



0.84%, and 1.12% for protein, iron, and zinc, respectively.
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Figure 1. Nutrient loss under the 550-ppm CO2 scenario stratified by income class. (D1
denotes the lowest income group and D10 denotes the highest income group)
Nutrient losses for the pairs of nutrients were highly positively correlated, implying that
individuals who experience a large reduction in intake for one nutrient also experience a
large reduction in intake for the other two nutrients. In addition, the lower-income groups
are concentrated toward the upper-right corner in all three plots, suggesting that the lower-
income populations will experience pronounced losses of all three nutrients simultaneously.
(2) The impact of climate mitigation policy on nutrient deficiency
Simulation of various agroeconomic models revealed that the extent to which three factors—
non-CO2 emissions reduction, bioenergy production and afforestation—may change food
security and agricultural market conditions under 2°C climate-stabilization scenarios. Under
climate mitigation policy for such a target, global average calorie availability decreases by
117 (19-142) kcal per capita per day, and the population at risk of hunger increases by 117.7
(19.5-155.4) million in 2050, and that increases over the period (Figure 2).

Decomposition of individual factor shows that afforestation could have a large impact on
food security relative to non-CO2 emissions policies (generally implemented as emissions
taxes). Respectively, these measures put an additional 41.9 million and 26.7 million people
at risk of hunger in 2050 compared with the current trend scenario baseline. This highlights

the need for better coordination in emissions reduction and agricultural market management



policies as well as better representation of land use and associated greenhouse gas emissions

in modelling.
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Figure 2. The aggregate and individual effect of mitigation option on hunger
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(3) The contribution of dietary change to nutrition and climate mitigation
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Dietary change scenarios in 2050 were constructed to realize both nutrition and mitigation

targets. Simulation results suggest that the potential forage fish supply could replace 10% of

global ruminant meat consumption, which could reduce global ruminant related GHG

emissions and land use by up to 15% and 10%, respectively. In addition, such a dietary change

could also increase the intake of several essential nutrients, such as omega-3 fatty acids

(DHA and EPA), vitamin B12, and calcium.
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