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Section 1: The original “five-node nexus” concept
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Figure SI1-1 The original “five-node nexus” concept
Adopted from Bleischwitz et al. 2018 Routledge Handbook of the Resource Nexus, Routledge, New York and Andrews-Speed P et al. 2012 The global resource nexus: the struggles for land, energy, food, water, and minerals. Transatlantic Academy, Washington, DC
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Section 2: The water resource model interlinked with other resource models
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Figure SI1-2 The water resource model interlinked with other resource models
Figure SI1-3 Detailed representation of the agriculture demand of the water model interlinked with the land-use model[image: ]
Figure SI1-4 Detailed representation of the industrial demand of the water model interlinked with the models of energy, mineral, and macro-economy[image: ]


Section 3 The main framework of the overall our IAM and supplemental explanations on the water model

1. The objective function under the investigated two scenarios
	Economic programs are designed to maximize the social welfare function (). Our IAM is a global model that includes 10 regional economic blocks[footnoteRef:1] (j) over time[footnoteRef:2] (t).  is regionally weighted sum by the Negishi weight (Negishi, 1960), discounted sum of the individual utility ( multiplied the regional population number . Discounting is made by the discount factor with the pure rate of time preference .  is expressed consumption by per capita ( with a parameter  (risk aversion factor). [1:  China, the former Soviet Union and Eastern Europe, Japan, Latin America, the Middle East and North Africa, North America, Oceania, Southeast Asia (including India), Sub-Saharan Africa, and Western Europe. See Supporting Information 4.]  [2:  2020, 2030, … , 2150.] 

. (1)
The generalized consumption  is balanced against net output  and investment  to maximize .  is obtained from the gross output from the production function () minus total cost () of supplying the three resources. The environmental cost () is further subtracted as (2’) from the equation (2).


	has two scientific elements referred from LIME, expressed in Equations (3)-(5’):
  (3)
in which
. (4)

where
e (endpoints) denotes human health, natural resources, biodiversity, and photosynthetic NPP;
i (impact categories) denotes climate change (interchangeable with global warming, a frequently used technical term in LCIA models), local air pollution, ozone depletion, soil acidification, land use and its change, mineral resource extraction, and waste disposal.

The first element () of Equation (3) is the aforementioned economic damage assessment based on the orthodox choice experiment technique and recently estimated value is extrapolated by value transfer technique to the remote future using per capita income (i.e., GDP, ) and income elasticities for respective endpoint (). The second element is the non-monetary endpoint damages (). Regarding climate damage, the aforementioned damage functions () to build the damage coefficients of climate damage in LIME are used. The temperature rise () and sea-level rise () were obtained from the simplified climate model. As for the non-climate damages, the dose–response functions () are also called the cause–impact relationships that relate “causes” () and “impact” (). 

 is based on intensive peer-review works in the related literature and modeling works in sectoral, science, and engineering-based studies.  denotes the inventories released as consequences of natural resource transformation. The inventories include sulfur oxide (SOx) emissions and nitrogen oxide (NOx) from fossil fuel combustion, 14 ozone-depleting substances (ODS), extracting mineral resources, disposing waste, land use and its changes. All inventories except ODS are endogenous outputs from the resource balance models of land, minerals, and energy. The Special Report on Emissions Scenarios is used for the exogenous ODS scenarios (Nakicenovic and Swart 2000).

2. Balances and constraints for water demand and supply
	Balance equations that express Figure SI1-2 consist of three parts: (1) feedwater, including portable water, (2) wastewater, and (3) energy. (1) Raw water resources and the demands, the left most and the right most within the figure’s water resource model, are balanced via the feedwater system including portable water. The raw water resources are rainwater, agricultural drained water, surface water, groundwater, saline and brackish water, and recycled wastewater. The demands include rainfed and irrigated agriculture, livestock, and municipal and industrial waters. (2) Wastewater (denoted as “W”) discharged from municipal, industrial, treated, and portable water treatment processes is balanced with recycled wastewater. Wastewater from irrigated agriculture water (denoted as “Wa”) is balanced with agricultural drained water. (3) The amount of feedwater and its power requirements are balanced with the power consumption of the feedwater. For example, the amount of feedwater from groundwater, surface water, saline and brackish water, and recycled wastewater are multiplied by each power requirement to calculate the power consumption for pumping, H2 production in addition to desalination of saline and brackish water, wastewater treatment, and H2 production in addition to freshwater purification. Similarly, the amount of potable water from both freshwater (groundwater, surface water) and desalinized water multiplied by their power requirements calculates the power consumption for feeding these water.

	The constraint equations are relevant to agriculture, industry, and drainage. Rainfall in the respective agriculture sectors (e.g., rainfed, irrigated, and livestock) equals or exceeds the feedwater in each sector. Similarly, water withdrawal in the industry sector equals or exceeds that of feedwater. In the same way, wastewater equals or exceeds that of feed wastewater in each sector. That is, agricultural drained water and irrigated agriculture, and recycled wastewater and wastewater from portable, municipal, and industrial, respectively.

3. Demand projections
	The demand sectors for water are agriculture including livestock, municipal, and industry. In the agriculture sector, water consumption is calculated by production from the simplified land-use model multiplied by the respective water requirements. The water consumption for grains, soybeans, and other crops is split into rainfed and irrigated water by their respective rates. Water withdrawal is calculated by multiplying the ratios of feedwater (input) to water consumption (output), considering some losses or dissipations in irrigated agriculture. In contrast, the ratios are set in unity in other agricultural water consumption and withdrawal. Municipal water consumption per capita level is estimated by per capita GDP.

The withdrawal of municipal water is obtained from its consumption level divided by the ratio of feedwater and water consumption (0.9). Water consumption in the industry sector consists of three components: (1) power, hydrogen, fossil fuels, and uranium from the energy model, (2) mineral and automobile productions from the mineral resource model, and (3) the rest of the industry. Water consumption and withdrawal of these demands are calculated using either of the water requirements for respective demands. In the case where either the data on requirements of consumption or withdrawal is unavailable, the ratios of feedwater and water consumption are employed to calculate water consumption and withdrawal.
	
4. Water resources
	Malnutrition due to irrigated crop production loss was linked with irrigation water in agriculture and with changes in food production and trade globally (Motoshita et al. 2018). Agricultural water demand (consumption) and water withdrawal are calculated by multiplying the crop (grain, soybean, other crops) and livestock production (beef, lamb, chicken, pork) using the land-use model by water intensity. The production of another crop, which is not explicitly handled in the model, is calculated by multiplying the grain production by the constant ratio of grain to other crops. Additionally, crop water consumption is multiplied by a ratio to separate rainfed from irrigated agriculture. Agricultural water withdrawal and consumption were calculated as a ratio of water withdrawal = water consumption divided by water output, using the rainfed water output rate of 1.0 and the irrigation water output rate. For livestock, water withdrawal is set as the equivalent to water consumption due to the lack of literature (Figure SI1-3).

Industrial water demand and water withdrawal in power, hydrogen, and automobile production are calculated by multiplying the water intensities of both water demand and water withdrawal with the amount of power generated and hydrogen produced in the energy model and the number of automobiles produced in the mineral resource model. When only water intensities of water withdrawal are given to fuel and mineral production, water consumption is calculated by multiplying 0.7 by the volume of water withdrawal, as in the TIAM-FR water model. An original regression model estimates water consumption in the remaining industry sector as a function of GDP/cap. The water withdrawal in the sector is obtained by dividing water consumption by 0.7 (Figure SI1-4).

5. Data
	The data relevant to the water resource balance model are 1) water requirements (or water use intensity), 2) energy requirements (energy use intensity), 3) efficiency, 4) footprint, and 5) ratio, fraction, or percentage for allocation percentage. Supporting Information Table SI1-1 provides a summary of the data. The water supply side (raw water sources and feedwater) and demand sides use these data, except for the municipal and the other industrial water demand. Municipal and other industrial water demand use the water requirement as a function of GDP/cap and the efficiency to calculate water withdrawal from water consumption. 

The water requirement indicates the required water input for unit of output. On the supply side, the required water input is given for the unit amount of hydrogen production (seawater desalinization, freshwater purification, and gasification of fossil fuels and biomass). On the demand side, the required water input is given for the unit amount of all the agriculture products and industry (power, fuel, hydrogen, mineral resources, and automobiles), except the other demand. 

The energy requirement is the required energy input for unit of output. The following are examples on the supply side: hydrogen production, wastewater treatment, and feedwater whose input are freshwater, saline and brackish water, and recycled wastewater. The output are pumped freshwater, desalinated water, treated wastewater, seawater desalinization plus hydrogen production, and freshwater purification plus hydrogen production. Note that the required energy in the water resource model is only accounted for water treatment; the energy model accounts for energy for hydrogen production from seawater desalination and hydrogen production from freshwater purification. On the feedwater demand side, the energy requirement is used for the industrial sector (hydrogen production).

The efficiency is used for connections with input to and output losses from the processes. On the supply side, raw water is the input, while feedwater, water withdrawals, and wastewater are the output. On the demand side, feedwater (withdrawal) is used as the input and demand (consumption) is used as the output. For example, with coal gasification, wastewater is 0.38 with regard to the unit volume of raw water input. On the demand side, the efficiency is used for the required water input (feedwater) to fulfill the unit amount of demand. For irrigated agriculture, the output is 0.5 to the unit volume of feedwater input (irrigated water, desalinated water, and agricultural drained water).

The footprint is used to allocate water withdrawal and consumption based on the actual values of rainwater (green water, denoted as Gn) and irrigated water (Gn, B as blue, and Gy as gray). The value of the footprint is the annual withdrawal and consumption for production (of crops, grain, soybeans, and other agricultural products).

Finally, the allocation percentage is used to allocate one source to several. For example, on the supply side, the feedwater allocation percentage is used for feedwater (rainwater, agricultural drained water, saline and brackish water, recycled wastewater, and potable water) and demand (rainfed crop products, irrigated crop products, municipal, and industrial). On the demand side, the percentage of water withdrawal of freshwater, saline and brackish water are used for industry (e.g., power generation).

AQUASTAT 2022 is the basis of water impact assessments, such as water withdrawal by sources and sectors, and wastewater. Mekonnen and Hoekstra 2011 was used for footprinting such as grazing, animal water, and total renewable water resources. The damage coefficients of infectious diseases and malnutrition were sourced from LIME3 (Motoshita et al., 2011; 2018).
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Table SI1-1 Data given in the water model
	data
	description
	supply side
 (raw water sources and feedwater)
	demand side
(agriculture, livestock) 
	demand side
(all industrial sectors excluding the other) 
	demand side (the other industry, municipal water)
	data sources

	water use intensity
	water requirement to input per unit output quantity
	hydrogen production
	grains, soybeans, other crops, and meat
	productions of power, fuel, hydrogen, resources, and automobile
	demand projections of water consumption (the other industry, municipal water) are expressed by per capita GDP.
	[W2-8,13]
[H1-H12]


	energy use intensity
	energy requirement to input per unit output quantity
	raw water sources to feedwater; treatment of feedwater and wastewater
	
	
	
	[W1]
[H1-H12]

	efficiency
	connections with losses inputting to and outputting from the processes
	input (raw water) → output (feedwater, water withdrawal, waste water)
---
freshwater pumping, desalinization, wastewater treatment, and portable water treatment;
rainfed agriculture, irrigated agriculture, municipal water, and industrial waste water;
water treatment for hydrogen production
	input (feedwater) → output (water demand)
---
(in raifed agriculture)
rainfed water
(in irrigated agriculture)
fresh water, desalinated water, treated agricultural waste water
	input (feedwater) → output (water demand)
---
(for industrial water) freshwater, desalinated water, and treated waste water;
(for municipal water) raifed water, desalinated water, and treated waste water;
(for hydrogen production) withdrawal and consumption
	conversion to withdrawal from water consumption 
	[W1,2,13]
[H1-H12]

	footprint
	footprint is used for allocations of water withdrawal and consumption based on the actual values of rainwater and irrigated water
	annual withdrawal and consumption for production (of crops, grain, soybeans, and other agricultural products) by raifed and irrigated agriculture (green; Gn, blue; B, gray; Gy)
	raifed and irrigated agriculture (Gn, B, Gy) (for crops, grain, soybeans, and other agricultural products); livestock (Gn, B, Gy)
	industrial water (B,G)
	municipal water (B,G)
	[W3,4]

	ratio, fraction, or percentage for allocation
	they are used for allocating one source to several
	feedwater allocation (rainwater, saline and brackish water, agricultural wastewater, industrial wastewater, and potable water) → consumption (rainfed crop products, irrigated crop products, municipal, and industrial);
desalinated water → municipal water, industrial water
	
	(for power generation) percentage of water withdrawal over freshwater, saline and brackish water
(for hydrogen production ) percentage consumption over withdrawal
	
	[W1,2,3,6,13]
[H1-H12]
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[H2] Kim, J., Park, K., Yang, D.R., Hong, S. (2019) A comprehensive review of energy consumption of seawater reverse osmosis desalination plants. Appl. Energy 254, 113652. https://doi.org/10.1016/j.apenergy.2019.113652
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Section 4 The three resource balance models

The approach taken in our model combined three aspects. The first aspect represents the following target resources. These are the main causes of inventories (Inv). 
· Energy: fossils (oil, gas, and coal), uranium, and various renewables (e.g., biomass, solar, hydro, and wind) to generate energy supply (power, heat, and fuel for transportation)
· Minerals: ferrous (iron ore), non-ferrous (zinc, lead, copper, and bauxite), and non-metal (limestone) for physical capital (i.e., infrastructure, automobiles, and electro-machinery)
· Land: cropland, grassland, forestry, urban land (human settlements), and other lands (e.g., desert), for production of food (e.g., rice, corn, and wheat) and biomass (e.g., paper)
The second aspect employs bottom-up and systems-engineering models of resource demand and supply together with the required transformation or conversion technologies. The three resource balance models were developed and interlinked, corresponding to the three aforementioned categories. 
The third aspect encompasses components from resource inputs to the production function. The resources balance models for energy, mineral, biomass, and food are formulated as dynamic linear programming globally. Hence these models can separately be solved as the least cost minimization problem. The least cost consists entire lifecycle of the products. The three models are interlinked (Figure SI1-5) based on a detailed set of technology options. Details of each resource model and interlinking with LIME can be found in past publications (Tokimatsu et al., 2016; 2017a; 2017b; 2020).
< Insert Figure SI1-5 here>
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Figure SI1-5 The interlinkages of the three resource models
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Section 5 LIME - Lifecycle Impact Assessment Based on Endpoint Modeling

1. Outline of LIME
LIME (Itsubo et al., 2015) is widely recognized as a leading modeling. LIME1 (Itsubo & Inaba, 2005) and LIME2 (Itsubo & Inaba, 2010, 2012, 2013, 2014) focused on Japan, whereas LIME3 was developed on a global scale (Itsubo & Inaba, 2018; LCA Society of Japan, 2025). LIME3 enables environmental impacts to be compared in almost all countries (Figure SI1-6). Detailed descriptions in this Supporting Information are found in Tokimatsu et al., 2020.
	
2. Damage factors of LIME3 in our IAM
2.1. Global warming
Damage assessment of global warming in this study for human health and biodiversity (Tang et al., 2018d; Tang et al. (2023)). Calculated damages induced by CO2 emissions are as follows: malnutrition, diarrhea, cardiovascular disease, malaria, and coastal and inland flooding. The damage to one of the endpoints, human health, is explained by population number, the death number, the mortality rate in the baseline, relative risk due to temperature rise, and the fraction of the population affected by diseases. Both damage per death and baseline mortality depend on per capita GDP. The human health damage factors are derived from Tang et al. (2018a, 2019), with further revisions incorporated in LIME3.

2.2. Land use and Land-use change
Damages are focused on an increased risk of extinction of endangered vascular plant species and the degradation of potential NPP. The incremental risks of extinction of vascular plants from land-use change were used for damage assessment of biodiversity in LIME3. The risks across 2,000 species in Japan’s land use and their changes (Yamaguchi et al., 2018). Data from the International Union for Conservation of Nature and Natural Resources (IUCN) was adopted to the methodology of Yamaguchi et al. (2018) for all countries. Based on the land use pattern, the differential between current NPP and potential NPP at the country level is used to measure damages on primary production via land use and land-use change.

2.3. Mineral resource development and waste
Mineral resources damages are assessed for primary production and biodiversity. The transformed land areas are as follows in mining: the mine site area, the deposit site by discharged accumulated overburden, and the disposed tailing site by ore concentration and coal pretreatment. The transformed area in the produced region enables to estimation of the amount of primary production and the number of endangered species. Site-specific data are aggregated from the country and the region. The aggregated data is used for the above modeling. Primary production and biodiversity at landfilling sites of metallic and cement waste are considered for waste damage factors.

2.4. Water resources
Damage factors of malnutrition are regressed from agricultural water footprint. Both logarithms of the damage factors of LIME3 and the agricultural water footprint per capita, both in the ten world regions, show a linear relationship. The regional damage factors of LIME3 are weighted averages by the agricultural water footprint per capita from the country-based damage factors of LIME3 data. Data sources of the LIME3, the water footprint and the population are the first version of LIME3 (Itsubo and Inaba 2018), Mekonnen and Hoekstra 2011 (Appendix I & VII), respectively.
Damage factors of diarrhea as an example, one of the infectious diseases in this study, are expressed as a power function of per capita domestic use of fresh water across the ten world regions in our model. The power function is regressed from country-based damage factors of diarrhea in the first version of LIME3 (Itsubo and Inaba 2018) as an explained variable, while per capita domestic use of fresh water multiplied by 0.9 (considered 10% loss) is an explanatory variable. Damage factors of other infectious diseases are studied in a similar manner. The data of domestic use of fresh water is sourced from AQUASTAT 2022 (water use, municipal water withdrawal, total population).

2.5. Local air pollution (on human health) and ozone layer depletion
The following local air pollutants on human health, primary and secondary, were considered: SOx, NOx, black carbon, and organic carbon (Tang et al., 2018c). Respiratory disease due to increased concentrations of SOx and NOx is considered for local air pollution. Local air pollution is assessed by using global chemical transport models. Ozone layer depletion damages are included at the human health endpoint (Itsubo and Inaba, 2018).

3. Damage factors of LIME2 in our IAM
Damages based on LIME2 included in our model are as follows: ozone layer depletion (on primary production, natural resources whereas human health by LIME3) and local air pollution (on primary production and natural resources by SOx and NOx) (Itsubo & Inaba, 2012). Mineral resource damages are assessed at the natural resource endpoint using the discounted flow of net rental price instead of the user cost method.

4. Weighting factors of LIME3 in our IAM
Conjoint analysis enabled us to value the various attributes, conditioning that the partial effect of the monetary attributes (e.g., tax) through assessing the utilities of the pre-defined attributes. A methodology for applying conjoint analysis was developed by Itsubo et al. (2012) for weighting the endpoints as LCIA attributes. 
The following procedures were used in our survey (Itsubo et al., 2015; Murakami et al., 2017; Tokimatsu et al., 2016). (1) Damages caused by environmental problems on four endpoints are explained before the eight questions for conjoint analysis begins. (2) The following explanations are provided: i) implementing political measures to mitigate negative impacts requires annual financial resources, and ii) reliable international organizations implement fundraising initiatives for the financial resources. (3) Respondents reply to the questions for conjoint analysis.
In conjoint analysis, questions are given randomly from a set of sixteen questions developed through experimental design. The choice set consists of four options, including "leave as it is". Damages are represented by dots in a 10-by-10 square (totaling 100). Those colored for left and without color mitigated are "damage XX” and “yy % reduction", respectively. Annual payment per household is provided. "damage 100 (leave as it is)" and "No cost (0 dollars)" are provided for the choice "leave as it is."
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Figure SI1-6 Outline of LIME
20
Section 6 A list of countries assigned to the world 10 regions
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Figure SI1-7 The world 10 regions

Table SI1-2 The list of countries in the world 10 regions
	North America
	West Europe
	Japan
	Oceania
	Centrally planned Asia

	American Samoa
	Andorra
	Japan
	Australia
	China

	Canada
	Anguilla
	
	Cocos Keeling Islands
	Hong Kong, China

	Guam
	Aruba
	
	Cook Islands
	Macao, China

	Hawaii
	Ascension
	
	Fiji
	Taiwan

	Midway Islands
	Austria
	
	Kiribati
	

	Northern Mariana Islands
	Azores Islands
	
	Marshall Islands
	

	Saipan
	Belgium
	
	Micronesia, Fed. States of
	

	United States
	Bonaire, Sint Eustatius and Saba
	
	Nauru
	

	Virgin Islands（U.S.)
	British Virgin Islands
	
	New Zealand
	

	Wake Island
	Canary Islands
	
	Niue
	

	
	Cayman Islands
	
	Norfolk Island
	

	
	Channel Islands
	
	Palau
	

	
	Christmas Island
	
	Pacific Islands
	

	
	Curacao
	
	Samoa
	

	
	Denmark
	
	Solomon Islands
	

	
	Diego Garcia
	
	Tokelau Island
	

	
	Faeroe Islands
	
	Tonga
	

	
	Falkland Islands
	
	Tuvalu
	

	
	Finland
	
	Vanuatu
	

	
	France
	
	
	

	
	French Guiana
	
	
	

	
	French Polynesia
	
	
	

	
	Germany
	
	
	

	
	Gibraltar
	
	
	

	
	Greece
	
	
	

	
	Greenland
	
	
	

	
	Guadeloupe
	
	
	

	
	Guernsey
	
	
	

	
	Iceland
	
	
	

	
	Ireland
	
	
	

	
	Isle of Man
	
	
	

	
	Italy
	
	
	

	
	Jersey
	
	
	

	
	Liechtenstein
	
	
	

	
	Luxembourg
	
	
	

	
	Madeira
	
	
	

	
	Malta
	
	
	

	
	Martinique
	
	
	

	
	Mayotte
	
	
	

	
	Monaco
	
	
	

	
	Montserrat
	
	
	

	
	Netherlands
	
	
	

	
	Netherlands Antilles
	
	
	

	
	New Caledonia
	
	
	

	
	Norway
	
	
	

	
	Pitcairn
	
	
	

	
	Portugal
	
	
	

	
	Saint Barthélemy
	
	
	

	
	Saint-Martin (French part)
	
	
	

	
	San Marino
	
	
	

	
	Sint Maarten (Dutch part)
	
	
	

	
	Spain
	
	
	

	
	Spanish North Africa
	
	
	

	
	St. Helena
	
	
	

	
	St. Pierre & Miquelon
	
	
	

	
	Svalbard and Jan Mayen Islands
	
	
	

	
	Sweden
	
	
	

	
	Switzerland
	
	
	

	
	Turks & Caicos Islands
	
	
	

	
	United Kingdom
	
	
	

	
	Vatican
	
	
	

	
	Wallis and Futuna Is
	
	
	

	Other Asia
	Middle East and North Africa
	Sub-Sahara Africa
	Latin America
	Former Soviet Union and Eastern Europe

	Afghanistan
	Algeria
	Angola
	Antigua and Barbuda
	Albania

	Bangladesh
	Bahrain
	Benin
	Argentina
	Armenia

	Bhutan
	Cyprus
	Botswana
	Bahamas, The
	Azerbaijan

	Brunei
	Egypt, Arab Rep.
	Burkina Faso
	Barbados
	Belarus

	Cambodia
	Iran, Islamic Rep.
	Burundi
	Belize
	Bosnia and Herzegovina

	East Timor
	Iraq
	Cameroon
	Bermuda
	Bulgaria

	India
	Israel
	Cape Verde
	Bolivia
	Croatia

	Indonesia
	Jordan
	Central African Republic
	Brazil
	Czech Republic

	Korea, Dem. Rep.
	Kuwait
	Chad
	Chile
	Estonia

	Korea, Rep.
	Lebanon
	Comoros
	Colombia
	Georgia

	Lao PDR
	Libya
	Congo, Dem. Rep.
	Costa Rica
	Hungary

	Malaysia
	Morocco
	Congo, Rep.
	Cuba
	Kazakhstan

	Maldives
	Occupied Palestinian Territory　
	Cote d'Ivoire
	Dominica
	Kosovo

	Mongolia
	Oman
	Djibouti
	Ecuador
	Kyrgyz Republic

	Myanmar
	Qatar
	Equatorial Guinea
	El Salvador
	Latvia

	Nepal
	Saudi Arabia
	Eritrea
	Grenada
	Lithuania

	Pakistan
	Syrian Arab Republic
	Ethiopia
	Guatemala
	Malta

	Papua New Guinea
	Tunisia
	Gabon
	Guyana
	North Macedonia

	Philippines
	Turkey
	Gambia, The
	Haiti
	Poland

	Singapore
	United Arab Emirates
	Ghana
	Honduras
	Republic of Moldova

	Sri Lanka
	West Bank and Gaza
	Guinea
	Jamaica
	Romania

	Thailand
	Yemen, Rep.
	Guinea-Bissau
	Mexico
	Russian Federation

	Vietnam
	
	Kenya
	Nicaragua
	Serbia and Montenegro

	
	
	Lesotho
	Panama
	Slovak Republic

	
	
	Liberia
	Paraguay
	Slovenia

	
	
	Madagascar
	Peru
	Tajikistan

	
	
	Malawi
	Puerto Rico
	Turkmenistan

	
	
	Mali
	St. Kitts and Nevis
	Ukraine

	
	
	Mauritania
	St. Lucia
	Uzbekistan

	
	
	Mauritius
	St. Vincent and the Grenadines
	

	
	
	Mozambique
	Suriname
	

	
	
	Namibia
	Trinidad and Tobago
	

	
	
	Niger
	Uruguay
	

	
	
	Nigeria
	Venezuela, RB
	

	
	
	Reunion
	
	

	
	
	Rwanda
	
	

	
	
	Sao Tome and Principe
	
	

	
	
	Senegal
	
	

	
	
	Seychelles
	
	

	
	
	Sierra Leone
	
	

	
	
	Somalia
	
	

	
	
	South Africa
	
	

	
	
	Sudan
	
	

	
	
	Eswatini
	
	

	
	
	Tanzania
	
	

	
	
	Togo
	
	

	
	
	Uganda
	
	

	
	
	Western Sahara
	
	

	
	
	Zambia
	
	

	
	
	Zimbabwe
	
	




Section 7 A list of abbreviations

AIM; Asia-Pacific Integrated Model
AQUASTAT; FAO’s information system on water and agriculture
BAU; business-as-usual
BECCS; bioenergy with carbon capture and storage
CCS; carbon capture and storage
CGE; computable general equilibrium
CO2; Carbon dioxide
CSP; concentrated solar power
DC; degree Celsius
DICE; Dynamic Integrated Climate-Economy
DRF; dose-response function
EV; electric vehicles
FCV; fuel cell vehicle
FECCS; fossil fuel energy with carbon capture and storage
FUND; Climate Framework for Uncertainty, Negotiation and Distribution
G20; Group of Twenty
GCAM; Global Change Analysis Model
GCM; Global Climate Model
GDP; gross domestic product
GHG; greenhouse gas
[bookmark: _Hlk225677031]H2; hydrogen
I/O; input-output
IAM; integrated assessment models
IDA5; An integrated dynamic assessment methodology for the five-node nexus
IE; industrial ecology
IPBES; Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services
ISO; International Standards Organization
LCA; lifecycle assessment
LCIA; lifecycle impact assessment
LIME3; The lifecycle impact assessment method based on endpoint modeling, version 3
MAgPIE; Model for Agricultural Production and its Impact on the Environment
MFA; material flow analysis
MR-EE-IOA; multi-regional environmentally extended input-output analysis
MWTP; marginal willingness to pay
NG; natural gas
NOx; nitrogen oxides
NPP; net primary production of photosynthesis
[bookmark: _Hlk225676996]ODS; ozone-depleting substances
RCP; Representative Concentration Pathways
ReMIND; REgional Model of INvestments and Development
SOx; sulfide oxides
SSP; Shared Socioeconomic Pathways
TFP; total factor productivity
TIAM-FR; The Integrated Assessment Model-France
UNECE; The United Nations Economic Commission for Europe
UNESCO; The United Nations Educational, Scientific and Cultural Organization
UNU; United Nations University
VRE; variable renewable energy
WEF; Water–Energy–Food
WEFWI; The Water–Energy–Food–Climate Nexus
WEHAB; Water, Energy, Health, Agriculture, and Biodiversity
WITCH; World Induced Technical Change Hybrid
WSSD; World Summit on Sustainable Development
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