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Impact of China’s South-North Water Transfer Project on Agriculture:

A Multi-scale Analysis of the Food-Land-Water System

Zhan Wang?, Jing Liu?
Abstract

Many countries have planned or implemented long-distance inter-basin water transfer
projects to resolve water scarcity due to spatially imbalanced water application. The
South-North water transfer project (SNWTP) in China is among the largest inter-basin
water transfer projects built so far, which would transfer water from Changjiang
(Yangtze) river to northern regions, in order to fulfill the gap between limited water
supply and increasing water demand from civil, industrial, agricultural and ecosystem
purposes. In order to research how will SNWTP influence future crop production,
cropland expansion and irrigation water use, we use a model with global to spatial scale
to project agricultural production from 2017 to 2050 with different SNWTP
implementation and operation scenarios. Under current scenario of water transfer
capacity, crop production would increase by 60.05% and cropland would expand by
4.01%. Increasing amount of water transfer from current level to full capacity of the
whole SNWTP would decrease irrigation water use in water donating basins by 0.20%
- 0.35%, while it would increase irrigation water use in water receiving basins by 0.4%
- 4.67%. Along transfer routes, the mainstream Huai river basin is most responsive to
SNWTP in irrigation water use, crop production and irrigated cropland expansion,
where results indicate that impact of SNWTP would be spatial heterogeneous on local
level as well. The multi-scale analysis of SNWTP’s agricultural impact implies the
importance of taken local impact and response of inter-basin water transfer into

planning and associated policy making.
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1 Introduction

Shortage of water resource can be caused by not only insufficient volume in total, but
also by the inefficient spatial allocation. For this reason, many countries have planned
or implemented long-distance inter-basin water transfer projects. Long suffered from
water shortage in its northern regions, China has made ambitious move to tackle the
issue by constructing large-scale inter-basin water transfer projects, particularly the
South-North water transfer project (SNWTP). SNWTP consists of three routes, eastern,
central and western (under planning) routes (Figure 12). Since its operation, SNWTP
has transferred over 40 billion cubic meter of water. In 2020, SNWTP transferred 9.46
billion cubic meter of water (H. Wang, 2021), or about 13% of total annual water use
in the five water receiving provinces (Beijing, Tianjin, Hebei, Shandong and Henan)
(National Bureau of Statistics of China, 2020), making it the largest inter-basin water
transfer project in the world. Given the unprecedented scale of the project and the
potentials of improving the balance of irrigation demand and availability, SNWTP
could play critical role in achieving UN’s Sustainable Development Goals (SDGS) in
China, especially in light of the pandemic that could make sustainable development
even more uncertain and challenging. In face of the challenge to feed its world’s top
one population with the trend of rising consumption and continuing urbanization,
understanding the impacts of SNWTP on crop production and cropland change and
irrigation water use under possible futures shaped by population growth, economic
development, agricultural technology and project operation would be valuable for these
expensive infrastructures to deliver more bang out of buck. To this end, an integrated
analysis on the food-land-water system is needed.

2 Only show mainland and major islands, same for other figures.
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Figure 1 Eastern (blue), central (red) and western (purpose) routes of SNWTP (dashed
line: under planning or construction; polygon with color: basins)

By far, existing studies have extensively examined the impacts of SNWTP from
hydrological and environmental aspects, including how SNWTP influence surface
water allocation (Chen et al., 2013), groundwater recharge (D. Zhang et al., 2019),
water pollution (L. Zhang et al., 2019) , species (Zhu et al., 2019) and impacts climate-
changes (Zou et al., 2016). Comparing with those studies, much less has been done to
evaluate the larger-scale impacts of SNWTP on crop production, which can be
decomposed into the intensive margin determined by irrigation induced yields
improvement and the extensive margin associated with cropland expansion. Berkoff
(2003) discussed the implication of SNWTP for agriculture in China. Since water used
in irrigation usually have much less value added than civil or industrial demand, farmers
usually have to take the residual of water after other purposes, driving them to be most
vulnerable to water supply variance. However, with the task to feed the largest
population and the already degraded environment in northern China, to reserve
agricultural potential and protect ground water with SNWTP would have higher
importance than economic return. This argument indicates the necessity of conducting
further research on SNWTP’s agricultural impact, which is still limited in literature by
far. In addition, existing studies usually focus on national, provincial or spatial level
impacts or responses, but few of them have researches the agricultural impact of
SNWTP with an economic framework. Behavioral changes are often ignored such as

improved irrigation efficiency and the substitution between water and other agricultural
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inputs. Analysis missing the linkages provided by domestic and global markets cannot
comprehensively assess the impact of SNWTP. Finally, the demand, endowment and
technology of agriculture are all spatially heterogeneous. This requires the impact
analysis to be conducted not only at the national or provincial level, but also at the basin

and local level, which is relatively sparse in the literature.

This paper aims at fulfilling the gap in current literature. In this paper, we will research
how does the existence of SNWTP and its possible operation status influence crop
production, cropland expansion and irrigated water use in China. Especially, in this
study the impact of SNWTP would be researched with a multi-scale model, where the
drivers from global level (crop demand and supply from international market), national
level (population growth, economic development and production technology
improvement), basin-level (water supply and demand by multiple purpose) and local
level (crop production and cropland expansion on spatial grids) would be all integrated.
By applying this multi-scale approach, our study provide overall assessment of SNWTP
on the crop-land-water system. The paper is organized as follows: section 2 introduces
the methodology of this study, including the model, experimental design and data
source. Section 3 presents results from model simulations under each scenarios, Finally,

section 4 discuss those results on their implication to SNWTP and agriculture for China.
2 Methodology
2.1 Model

To analyze the integrated impact of SNWTP, in this study we adopted the Simplified
International Model of agricultural Prices, Land use and the Environment: Gridded
version for China (SIMPLE-G-China). The SIMPLE-G-China model is developed
based on the SIMPLE model (Baldos & Hertel, 2012) and global gridded SIMPLE
model (SIMPLE-G-Global) (Liu et al., 2017) . In SIMPLE-G-China model, the whole
China is downscaled to 88,948 five arc-minute grid cells, while the rest of world is
aggregated into 15 regions. The SIMPLE-G-China model follows the global-local-
global (GLG) approach. First, we set external drivers on population growth, per capita
GDP growth, technological improvement and biofuel demand from global level (for
non-China regions) and national level (for China). Also, we set up the projected
agricultural water supply on basin level. Second, the model solves for crop production,

cropland use and irrigation water use on each grid, which represents the heterogeneous
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local response to shocks on upper levels. Finally, local response on irrigation water use
on grids are further aggregated on basin level to satisfy supply-demand equilibrium for
irrigation water, and crop output and other factor input are aggregated on national level
to satisfy equilibrium on crop demand and production. For detailed model information,

please refer to Wang et al., (2020).
2.2 Experiments

In this study, we consider four SNWTP scenarios representing different cases of

SNWTP operation. These scenarios include:

(1) Business-as-usual (BAU) scenario, where we assume in 2050, SNWTP is still
operated at same capacity of year 2017 (annual water transferred is about 5.38 billion
cubic meter) (Hou, 2017), which is the baseline year of SIMPLE-G-China model.

(2) Full capacity of current infrastructure (CI) scenario. By 2017, the first stage of
infrastructure construction eastern and central route of SNWTP has been finished. In
Cl scenario, we assume that the currently finished infrastructure is operated at the full

designed capacity in 2050, but no more infrastructure would be built and operated.

(3) Full capacity of SNWTP’s whole project (WP) scenario. Here we expect by 2050,
all stages of construction for all three routes of SNWTP would be finished and operated
at the full capacity (the maximum of water transfer capacity in existing SNWTP

planning).

(4) A counter-factual scenario: if the SNWTP is not ever built (No SNWTP). In this
scenario, we taken away the amount of water transferred by SNWTP in 2017 to the
original basin. This scenario would be used to evaluate the impact of SNWTP’s

existence or not.

For all four scenarios, we further combine the SNWTP impact with two other group of
shocks: socioeconomic shock and water supply shock. Socio-economic shocks on
population, per capita GDP, TFP development and biofuel demand under the Shared
Socioeconomic Pathway 2 (SSP2) scenarios, which is shown in Table 1. Water supply
shock refers to the projected supply of irrigation water in each basin, which equals the
water residual between the projected water runoff and water demand by civil, industrial
and livestock purposes, simulated from the Water Balance Model (WBM) under RCP26
climate scenarios. Figure 2 shows the classification of basins in SIMPLE-G-China
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model and their projected percentage change in irrigated water supply under BAU
scenario, and table 3 shows the difference of irrigation water supply in four scenarios
due to SNWTP.

Table 1 Socio-economic shocks

P TEP .
Population ca;it[a ((':rgp) (Li\;I(-aEE) oK) (Processed I?é?gﬁ")l
income P food)
Eastern 898 28098 2894 3256 0.00
Europe
North Africa 31.82 168.16 12.78 -7.55 0.00
Sub Saharan oo o5 19391 2787  11.87 0.00
Africa
South 19.72  107.22 1810  109.03 128.15
America
Australia/New 5o oo 5o gs 3609 1187 531.07
Zealand
European 2.96 4413  36.29 14.31 105.93
Union
South Asia 2509 31650 29.65  59.99 ,7q, 50468
Central 25.43 9498 1810  109.03 128.15
America
Southern 18.75  107.82 2894  11.87 0.00
Africa
Southeast 2372 18281 -1570  93.86 261.54
Asia
Canada 19.40  31.46 36.29 11.87 87.69
USA 19.40  31.46 36.29 11.87 92.81
China 268 45046 4865  93.86 1500.62
Middle East 38.98 3146 1278 -6.34 0.00
Japan/Korea -5.11 71.80 36.29 11.87 0.00

Central Asia 29.65 307.87 28.94 32.56 0.00
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Figure 2 Water supply shock under BAU scenario

Table 2 SNWTP Shocks
No

BID SNWTP BAU Cl WP
BID018 -24.29 -23.49 -22.38 -21.73
BID019 -3.55 -3.55 -3.55 -1.83
BID020 -4.03 -4.03 -4.03 -1.82
BID021 -12.02 -12.53 -12.72 -13.19
BID023 -10.25 -10.70 -11.20 -11.52
BID027  -7.37 -7.37 -7.37 -10.52
BID055  -0.65 0.73 2.40 4.25
BID061  9.00 9.00 9.00 14.13
BID0O75 41.16 58.82 59.18 73.50
BID0O76 41.16 58.82 59.18 73.50
BID0O77 -68.48 -64.93 -63.16 -59.47

3 Results

To be updated.

v M -74.48 - -74.06
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4 Discussion

To be updated.
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