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Real GDP share (%)

(1) Industrialization & Nexus (Water-Energy)
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(2) Green revolution & Nexus (Water-Food)
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Increase of GW irrigation for food
production during Anthropocene

Acceleration of GW depletion
-12.6 billion ton/year (1960) — -28.3 billion ton/year (2000)
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® /0% of human freshwater consumption is
through agriculture,

® Increase in groundwater consumption for
irrigation in Anthropocene

Virtual groundwater flow
through global food trade

GW depletion (mmly)
(1980-2009, Déll et al. (2014))

Percentage of area irrigated with GW to total

(Dallin, Taniguchi, Green,
Global Sustainability, 2020)



Virtual water export via food trade
from sub-region in Asia

East Asia
7.27x 10° m’/vr

8.83 x 10° m’/y

- South Asia

22.8 10° m3/v

South Asia
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® “Footprints” which can visualize the tele-connection and internalize the external
environment, are good tools for analyzing multi-scale stewardship and sustainability.

® Resources (food, water, energy, etc. ) and environment are connected, and should be
governed by integrated manner
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(3) Urbanization & Water-Energy-Food Nexus
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Note: Urban populations are defined based on the definition of urban areas by national statistical offices.
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Belmont Forum projects “Sustainable Urbanization Global
Initiative: Food-Water-Energy Nexus”

Intelligent Urban Metabolic Systems for Green Cities of Tomorrow: an
FWE Nexus-based Approach (2018-2021) F.Chang L. Rodriguez

M. Taniguchi J. Filho
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Nexus Approach

for system dynamic

Tradeoff and synergy between:

» Resources (water, energy, food, land, etc.)
» Soclety, Economy, Environment

» Local, National, Global

» Past, Present, Future
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Disconnection of governances/institutions

Conservation vs Development Consumption vs Production
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A framework of SDGs-Nexus

SEE (Social, Economy, Environment) -WEFL (Water, Energy, Food, Land)

Data archive

@-

Water, Energy, Food, Land

Data linkages

Public water use

‘Water
‘Water per capita
S Energy use in social
j . Energy { service
IS\IDG DB Social Energy use per capita
exus ¥ ti
perspective Food The number of farmers

Proportion of farmer

Land Tl Population density

‘Water —[:
Energy 4'::

Food

Industrial water use

Industrial water intensity

E

Economic
perspective

Industrial energy use
Industrial energy intensity
Production value

Scale of farming

Land
" L Land intensity

Groundwater use
‘Water

Energy 4'::

Groundwater dependency

E

Electricity from fossil fuels

Environmental Fossil fuels dependency
perspective
Food ——® Organic farming area
Forestarea
Land
Wetland area

@LINEEGOALS
gmum. Jamn [oum Jomum
ot [ | [ [ o [
s r—— ) o 12 S,
&

)

Mapping and assessment

through
and trade-offs

SEE-
Energy

SEE-Food

SEE-Land

SEE-WEFL

index

Social WEFL

Economic-
WEFL

Environmental-
WEFL

Lee, Taniguchi, Masuhara (Unpublished)



(4) Nexus analyses with scenarios

Food policy
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SEE-WEFL SDGs-Nexus indicators
SEE (Social, Economy, Environment) -WEFL (Water, Energy, Food, Land)

SEE-WEFL Nexus
Step 1: The SEE-WEFL Nexus variables are identified,. .
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Recovery of lost synergy of water-energy-food nexus

Transboundary governance
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Kumamoto C|ty depends on 100 % of
groundwater as water resources which is
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GW depletion: A0.5m/15yr — Decrease in GW recharge rate
(However GW pumping: A 40 Mt/20yr)

v Nexus Synergy: Rice productions with groundwater recharge in Increase in GW level and
upstream as well as groundwater use in downstream without discharge from Ezu Lake
any additional energy for water allocation.

Taniguchi et al. 2019, Frontiers in Env. Sci.



Multiscale Stewardship
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Summary

* Food and industrial materials/goods which consumes groundwater are
globally traded, then distant areas and countries are indirectly connected with
groundwater footprint. Therefore, groundwater issue is not only local but
also global issue.

 For achieving the sustainable development goals (SDGSs), it Is important to
manage groundwater as nexus, which connects direct and indirect, local and
global, water-energy-food, and economy-environment-society.

* Increasing efficiency of groundwater use makes reduction of energy
consumption, then it creates a synergy among water and energy for carbon
neutrality and sustainable groundwater management.

A good practice with synergy of nexus and transboundary governance of
groundwater Is important for achieving SDGs not only locally but also
globally.



