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Abstract

Can China feed itself by 2100? This study begins with a critical reexamination of the
bayesTFR recovery assumption embedded in UN WPP 2024 and reconstructs population
scenarios using an “empirical-base + empirical-offset” methodology anchored at China’s
2023 official TFR of 1.01. For food security analysis, we narrow the population to three
scenarios (low, medium, and policy target), and we set three scenarios each for the demand
side and the supply side, producing an integrated 27-scenario analysis. The demand side
comprises three trajectories: East Asian saturation type (650 kg/person/year), EU type
(780 kg/person/year), and EU + a type (850 kg /person/year). The supply side comprises
three trajectories: optimistic (cropland area maintains the red line, with yield reaching the
technological ceiling), medium (climate change reduces yield by —10%, and cropland area
breaches the red line by —5%), and pessimistic (climate change reduces yield by —20%, and
cropland area breaches the red line by —10%). Based on NBS empirical data, projection
results show that all 27 scenarios achieve surplus by 2100 (even the worst case retains
0.265 Gt surplus), confirming the robustness of long-term food security. However, during
the medium term (2030-2050), the worst case scenario retains 26% import dependency.
Even under the U.S.-type full emulation scenario (1100 kg/person/year) examined as
a supplementary stress test, all nine sub-scenarios maintain surplus. The challenge for
China’s food security lies not in long-term absolute shortage but in medium-term import
dependency management and policy transition to the surplus era. By integrating demo-
graphic projection, agricultural-economic demand modeling, and a layered food-system
accounting framework, this study offers a transferable cross-disciplinary methodology for
long-term food security assessment under demographic transition, relevant beyond China
to other aging, post-peak societies.

Keywords: food security; population decline; demographic transition; integrated scenario
analysis; food supply—demand modeling; interdisciplinary methodology; food surplus; China

JEL Classification: Q11; Q18;J11

1. Introduction

Who will feed China? This question has been debated since Brown’s 1995 monograph.
In contrast, this paper offers an inverted perspective: by 2100, China itself, having shrunk
to approximately 460 million people, may become a substantial food-surplus nation.

China’s current food-security position is characterized by a long-standing policy
commitment to “basic self-sufficiency of grain and absolute security of staple food” (95%
self-sufficiency benchmark for grain overall, with rice and wheat fully self-sufficient) [1,2],
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sustained through the 2024 harvest of 706.5 Mt total grain output (+1.6% YoY), including
652.3 Mt of cereals (+1.7%) [3], despite national drought losses of CNY 8.4 billion. The
country nonetheless depends heavily on imported soybeans, accounting for approximately
60% of global soybean trade, primarily sourced from Brazil [4,5]. China’s grain storage
capacity exceeded 700 Mt in 2024 (National Food and Strategic Reserves Administration),
the world’s largest, providing flexibility well beyond the FAO stock-to-use benchmark of
17-18% (about two months of consumption) discussed in the international food-reserve
literature [6], and policy is reaffirmed through the 2014 “Self-Reliance with Domestic
Foundation” directive [7] and the 2024 Law on Ensuring Food Security [8]. Against this
backdrop of present-day adequacy but underlying soybean exposure and demographic
uncertainty, the long-term question of whether China can feed itself by 2100 acquires
renewed significance.

The China-specific framing rests on three considerations. First, systemic importance:
China accounts for approximately 24% of global cereals-plus-soybeans consumption and
approximately 24% of global cereals-plus-soybeans imports (2023/24 marketing year,
USDA PSD) [4,5,9], so changes in its demand trajectory produce ripple effects on world
markets that are qualitatively distinct from those of smaller importers [10,11]. Second,
the limits of the “purchase from international markets” alternative: episodes such as the
2008 food crisis [6,11-13] and the 2022 Ukraine war [14-16] demonstrate that buy-from-
abroad strategies fail under compound geopolitical stress, motivating China’s strategic
treatment of self-sufficiency as an independent policy variable. Third, global food-balance
implications: if China transitions from net importer to surplus contributor, the pressure
released on world markets is comparable in magnitude to sub-Saharan Africa’s entire cereal
net import gap [4].

In this paper, we distinguish three related but distinct concepts. Food security follows
the FAO four-pillar definition (availability, access, utilization, and stability). Self-sufficiency
refers to the quantitative ratio S;/D; > 1, where S; is domestic supply and D; is total
demand. Surplus is the flow magnitude S; — D; > 0 when self-sufficiency is achieved. The
27-scenario analysis below evaluates self-sufficiency and surplus as quantitative measures,
while food security in the broader FAO sense is discussed in the policy implications
(Section 4.2).

China reached its population peak of approximately 1.412 billion in 2021 and has
entered a historic demographic transition. The official total fertility rate (TFR) for 2023 was
1.01 [17], and the 2025 birth count of 7.92 million marked a historic low [18]. This rapid
fertility decline is consistent with trends observed across East Asia.

The 2024 revision of the United Nations World Population Prospects (UN WPP
2024) [19] projects China’s 2100 population to be 633 million under the medium vari-
ant, but this projection depends on the assumption that TFR will recover from the current
1.0 to 1.35 by 2100. However, East Asian empirical data do not support TER recovery, and
the “low fertility trap” hypothesis [20], in which prolonged low TFR forms a positive feed-
back loop through small-family norm consolidation, decline in reproductive-age women,
and rising childcare costs, is materializing.

Most existing population projection studies have adopted UN WPP medium estimates as
their baseline. However, the 2023 official TFR of 1.01 diverges from the recovery assumption
embedded in UN WPP 2024 medium. Cohort-component estimates [21] and TFR-fixed sensitiv-
ity analyses [22] project populations at or below the UN WPP medium, while the IHME GBD
framework [23] (CCF50-based) yields a higher value (732 million). All three diverge from the
UN WPP medium, indicating significant uncertainty in its recovery assumption.

Population projection forms the foundation for long-term planning in agricultural
policy, food security, and rural economy. The choice of population scenario directly im-
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pacts evaluations of food demand, self-sufficiency rate, and import dependency. China is
the world’s largest food consumer and grain importer, and changes in its demographic
dynamics have ripple effects on international grain market stability [24]. For this reason,
quantitatively projecting food demand in population-declining China and clarifying the
conditions for long-term food security is a priority issue in agricultural policy.

The academic contributions are fourfold: (i) we reexamine the nature of the TFR recov-
ery assumption in the bayesTFR model of UN WPP 2024 and quantify its deviation from
2025 empirical values; (ii) we propose an “empirical-base + empirical-offset” methodology
that anchors at the 2023 official TFR of 1.01 and derives the offset width from East Asian
empirical data; (iii) we confirm the validity of the 6-scenario framework through cross-
validation using independent estimation methods (cohort-component, TFR-fixed model);
and (iv) building on the six population scenarios constructed, we introduce a per-capita
total grain demand C; and a China domestic production projection S; both anchored to
NBS empirical data for base years (2000, 2025), and evaluate total grain demand, supply-
demand gap, import dependency, and self-sufficiency equilibrium population from 2000 to
2100 for each scenario. Methodologically, the study sits at the intersection of demography,
agricultural economics, and food-system analysis: it couples a cohort-based population
reconstruction with a food-balance-sheet demand model and a yield x cropland supply
model within a single layered accounting framework. This cross-disciplinary integration is
intended to be transferable to other countries undergoing demographic transition, beyond
the Chinese case studied here.

2. Materials and Methods
2.1. Population Projection Framework

The fertility projection in UN WPP 2024 is based on a Bayesian hierarchical model
(bayesTFR) [25]. This model classifies TFR transitions into three phases, with China and
other East Asian countries categorized in Phase III (post-transition). Phase III TFR projec-
tions are based on the AR model:

fc,t+1 — U = Pc(fc,t - Vc) + ¢t (1)

where f;; is the TFR of country c at time ¢, y. is the country-specific long-term equilibrium
level, p. is the autoregressive coefficient, and ¢ is the error term. p. tends to be set
below the replacement level but above 1.0, and when the current TFR is below j, the
model mechanically projects TFR recovery. This assumption has several caveats: (i) there
is no precedent of countries with TFR below 1.0 (Korea, Spain, and Italy) subsequently
sustaining recovery to 1.3 or higher; (ii) East Asia-specific factors (declining marriage
rates, late marriage, rising housing and education costs, and gender norm changes) are not
incorporated into the AR model; and (iii) although China introduced the two-child policy
in 2016 and the three-child policy in 2021, births decreased by 56% from 17.86 million in
2016 to 7.92 million in 2025, indicating limited policy effectiveness. UN WPP 2024 was also
revised downward by approximately 17% from UN WPP 2022 [26] across all variants.
The scenario design of this study adopts the principle of “empirical-base + empirical-
offset” in contrast to UN WPP 2024’s “theoretical-equilibrium + mechanical-offset”. The
base point is China’s 2023 official TFR of 1.01 [17], with TFRp,ee ~ 1.0. This value is the
most recent official figure published by the National Bureau of Statistics, consistent with
SWUFE’s [22] TFR = 1.05—460 million projection. The offset width A = 0.25 is derived
from the East Asian empirical range (Table 1). The lower bound (1.0 — 0.25 = 0.75) is
empirically validated by Korea (TFR 0.72 in 2023, 0.75 in 2024 after a 9-year rebound), and
the upper bound (1.0 + 0.25 = 1.25) corresponds to the TFR = 1.15-1.20 level achieved by
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Japan after 30 years of pro-natalist policy. Based on this, we set four core scenarios and two
reference scenarios (Table 2).

Table 1. Latest TFR of East Asian countries and regions.

Country/Region TFR Year Trend

South Korea 0.72 - 0.75 2023-2024 First rebound in 9 years (KOSTAT 2025)
Taiwan 0.87 — 0.89 2023-2024 Low stable (slight recovery)

China 1.0 2023 Accelerated decline (2025 births —17%)
Hong Kong 0.70 — 0.84 2022-2024 Recovery after bottoming out

Japan 1.20 =+ 1.15 2023-2024 Declining trend (2024 historic low)
Singapore 0.97 2024 Low stable

Table 2. Scenario definitions: 4 core + 2 reference (design premises only; 2100 population projections
shown in Section 3.1).

Symbol Scenario Name TFR Assumption Design Target/Source

Core scenarios (analytical axis)

Base — A. Korea 0.68-0.72. Corresponds to SWUFE [22]
TFR = 0.72 fixed projection

S2 Medium (status quo) ~1.0 fixed Base point (empirical baseline). Official TFR = 1.01 [17]
Base + A. Japan 1.15-1.20. Corresponds to Li-Zhou [21]
TFR = 1.2 fixed projection

S5 Policy target ~1.31 Peak-halving reference (700 M = half of 2021 peak [17])

Reference scenarios (international comparison/sensitivity analysis)

S1 Low (Korean type) ~0.75 fixed

S3 High (policy recovery) ~1.25

S4 UN medium reference 1.0—1.35 UN WPP 2024 Medium. Recovery assumption reexamined
S6 Substantial recovery 1.5—1.85 UN WPP 2024 High. Upper bound of recovery scenarios

For 2000-2023, TFR uses common empirical values across all scenarios, diverging by
scenario from 2023 onward. The design ensures smooth transitions to long-term levels
across the 2030-2040s (Figure 1). Keypoint values are set every 10 years, and annual data
are generated by linear interpolation.

TFR Trajectories by Scenario (2000-2100)

2.25 9 —— S1 Low (TFR~0.75)
=== S2 Status Quo (TFR = 1.0)
—e— S3 High (TFR = 1.25)
2.00 4 == S4 UN Median (TFR 1.0 - 1.35)
S5 Mild Recovery (TFR = 1.3)
—e- S6 Substantial Recovery (TER - 1.85)

Replacement level: 2.1
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Figure 1. Scenario -based TFR trajectory (2000-2100). The 2023 official TFR = 1.01 serves as the
divergence point, with core scenarios (solid lines) and reference scenarios (dashed lines).

To quantify scenario-internal uncertainty, we additionally model each scenario’s TFR
as a Gaussian random variable centered at the scenario mean y; with standard deviation
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o = 0.13. The o value is the empirical standard deviation across six East Asian economies
(Korea 0.75, Taiwan 0.89, Japan 1.15, China 1.01, Hong Kong 0.84, and Singapore 0.97;
mean 0.935, population SD 0.128), consistent with the empirical-offset width A = 0.25 used
in scenario design (A ~ 1.960, corresponding to the standard two-sided 95% coverage
interval). Monte Carlo simulation with N = 10,000 draws per scenario yields the 95%
confidence intervals for the 2100 population reported in Section 3.1. The probabilistic
envelope encompasses the deterministic scenario centers and remains well below the
self-sufficiency equilibrium population threshold under all supply scenarios, providing a
quantified robustness check on the deterministic projections.

The S5 policy-target population of 700 million by 2100 is set as a “peak-halving” refer-
ence, approximately half of China’s 2021 demographic peak of 1.412 billion (NBS [17]). This
symbolic threshold carries three complementary interpretations: (i) demographically, the
post-transition completion benchmark at which the population reaches half of its historical
maximum; (ii) historically, the level last sustained around 1965 when China’s popula-
tion was approximately 720 million, demonstrating viability under far lower agricultural
productivity than today; and (iii) narratively, the symbolic anchor for the inversion of
Brown’s [27] question, framing China’s transition from “the 14-billion-people food prob-
lem” to “the halved-China food surplus”. The central conclusion of this study (surplus
emergence across all 27 scenarios) does not depend on the specific S5 value.

Using this population target as input, we compute the fixed TFR required to reach
700 million by 2100 via cohort-component dynamics. Linear regression across the deter-
ministic scenarios (S1: TFR = 0.75 — 320 M; 52: TFR = 1.00 — 460 M; S3: TFR = 1.25 — 660
M) yields the near-perfect relation P99 = —216 + 699 - TFR (M). Setting Py199p = 700 M
gives TFR ~ 1.31, which we adopt as the fixed simulation value for S5 (listed as ~1.31 in
Table 2; the corresponding 10-year keypoints are presented in Section 3.1). We emphasize
that 700 M at 2100 does not represent a demographic steady state: under TFR = 1.31,
S5 shows 820 M at 2090 still declining at ~12 M/yr, so 700 M is an end-period value during
continued sub-replacement decline; true demographic stationarity would require TFR near
the replacement level (~2.05). The 700 M target is also only 46-64% of the self-sufficiency
equilibrium population (the population at which demand equals domestic supply: ap-
proximately 1.54 billion under optimistic supply S-O, 1.32 billion under medium S-M, and
1.10 billion under pessimistic S-P; see Section 3.5), so S5 provides a substantial food-surplus
margin under all supply scenarios. The required TFR = 1.31 is, however, ambitious: it
exceeds the 2024 levels of Japan (1.15, MHLW), Finland (1.25, an all-time low recorded by
Statistics Finland), Spain (1.10, INE), and Italy (1.18, ISTAT), all of which hit historic lows in
2024. Sustained East Asian pro-natalist policy efforts in Korea, Japan, and Singapore have
not historically delivered TFR increases beyond +0.2 to 4-0.3, placing 1.31 at the upper
edge of the empirical policy-effect range from a 1.01 base. S5 is therefore best characterized
as a reference scenario for policy discussion, anchored on peak halving, rather than as a
standalone demographic projection.

2.2. Apparent Consumption via the Food Balance Sheet Approach

This study adopts the apparent consumption approach, which is the food balance
sheet method officially used by FAO and NBS. It directly derives the per-capita total grain
demand C; from empirical data on domestic production, trade, and population:

St + M — X;
Cf=——77— 2
; B @
where S; is domestic grain production (NBS Grain broad: grains + soybeans + tubers), M;
and X; are imports and exports of grains (cereals) and soybeans, and P; is total population.

Equation (2) defines demand D; (=production + imports — exports), not actual consumption;
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stock variation AStock; is by definition not part of D;. Since this study projects demand
rather than actual consumption, there is no need to subtract AStock; from the equation. The
meaning of G; is clarified by the algebraic identity Gt = Dy — Sy = (S¢ + My — X¢) — S¢ =
M; — X;, so the supply—demand gap equals net imports.

Data sources are cross-validated across three systems: (i) domestic production from
NBS official annual bulletins [18]; (ii) trade data from USDA PSD (Production, Supply,
and Distribution) [4] and FAOSTAT Trade [9]; and (iii) population from World Bank/NBS.
Table 3 shows the empirical trajectory from 2000 to 2024.

Table 3. China’s apparent per-capita grain consumption C;' (2000-2024 empirical, NBS Grain broad).

Year P S: (NBS) M; X Net imp. D; [y
(Billion) (GY (Gt)  (GY (GY (Gt)  (kg/Person/Year)
2000 1.263 0.462 0.016 0.010 0.006 0.468 371
2005 1.304 0.484 0.033 0.007 0.026 0.510 391
2010 1.338 0.546 0.057 0.002 0.055 0.601 449
2015 1.380 0.621 0.100 0.001 0.099 0.720 522
2020 1.411 0.669 0.156 0.003 0.153 0.822 583
2024 1.409 0.707 0.126  0.002 0.124 0.831 590

Source: S; (NBS Grain broad) from NBS official annual bulletin [18]. M, X; (grains + soybeans) from USDA PSD [4]
(consistent in trend with FAOSTAT Trade [9]; level differs by £10% due to commodity aggregation differences).
Py from World Bank. Dy = S; + M; — X; (domestic total supply, Gt). C} = D;/P; x 1000 (kg/person/year).

The observed trajectory shows that C; increased from 371 kg/person/year in 2000 to
590 kg /person/year in 2024, a +59% rise (annual average +1.94%/yr). This reflects the rapid
expansion of feed grain demand driven by rising income, urbanization, and meat consumption.

2.3. Food Demand Model

China’s total grain demand D; (Gt/yr) is expressed as a simple multiplicative form of
population P; and per-capita total grain demand Cj (kg/person/year):

Dy = P % C;k (3)

where C} is the apparent per-capita consumption defined in the previous section
(Equation (2)), which does not require separate multiplication by age-stratified basic con-
sumption or feed conversion ratio. The empirical trajectory (2000-2024) is fixed to the
annual values in Table 3 (371—590 kg/person/year, +1.94%/yr). The future trajectory
(2025-2100) is extrapolated based on the cumulative income adjustment factor F} and
urbanization effect cumulative adjustment factor FY, as C; = Cjoy, - FY - F:

t

F'=T] Q+e-g) 4)
s=tg+1
t
=TT (1+0-aU) (5)
s=tg+1

where g; is the annual growth rate of per-capita real GDP (income) at time s (%/yr), AlU; is
the annual change in urbanization rate at time s (percentage points/yr), € is the income
elasticity, J is the urbanization elasticity, and ty = 2024 is the base year. ][] denotes the
cumulative multiplication of each year’s effect from s = ¢y + 1 to f. We adopt € = 0.23 and
0 =0.15.

The selection rationale and validation of parameters are as follows. The income elas-
ticity € = 0.23 falls within the central range of: Yu & Abler [28] (grain elasticities 0.08-0.39
from Table 3; 26-province rural panel for 1994-2003); Chen et al.’s [29] meta-analysis (re-
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ported cereal elasticities 0.42-0.49 with documented decay toward projected mid-century
values ~0.15-0.30); and is consistent with the long-term demand-projection assumptions
of FAO/ Alexandratos & Bruinsma [30]; it also lies within the standard deviation range
of Zhou et al.’s [31] meta-analysis mean (¢ = 0.39 £ SD 0.34). The urbanization elasticity
6 = 0.15 captures the diminishing marginal effect as China approaches urbanization satura-
tion, aligning with OECD-FAO Agricultural Outlook projections (0.05-0.15, China 2020+)
and Zhou et al.’s [31] urban subsample evidence of demand-side maturation. These param-
eters fit the empirical C; (371—590 kg/person/year, 2000-2024) with annual mean error
+2.91%, RMSE 5.35%, and exact match at the 2024 validation point (predicted 590 = empiri-
cal 590).

The long-term paths of gs and AU are set to reflect gradual deceleration accompanying
the maturation of China’s economy. Specific rationales: (i) gs = 5% in 2025 is consistent
with NBS empirical data (20202024 average); (ii) gs = 4% in 2030 follows World Bank
“China 2030” and long-term extrapolation of the 14th Five-Year Plan; (iii) gs = 1.5-2% from
2050 onward follows the regression-to-the-mean prediction of Pritchett & Summers [32] for
long-run growth, where mature economies like Korea and Japan illustrate the typical post-
convergence trajectory; (iv) AU follows the UN World Urbanization Prospects trajectory
from 67% in 2024 to 73-75% in 2050 and saturation at 75-80% from 2075 onward. The annual
paths are designed to decelerate progressively over 2025-2100, and the corresponding C;
trajectory is shown in Section 3.3.

Under FY - FY alone, C; would continue to grow at 0.35-0.47%/yr in 2050-2100,
reaching approximately 850 kg/person/year cumulatively. However, following Bennett’s
Law and empirical observations from high-income countries (US/EU 1000-1100, OECD
average ~800 kg/person/year), grain-equivalent consumption saturates when income
exceeds a certain level due to qualitative diversification of diet. We introduce this saturation
effect as an upper-bound function:

Ci =min| Cypy - FY - FY, Chax — (Cihax — Cioso) 'eik(timo)} ©)

where Cj. = 780 kg/person/year (asymptotic upper bound near OECD average),
k a2 0.025 (asymptotic speed), and Cjys, = 740 kg/person/year. For t < 2050, F¥ - FU
dominates; for t > 2050, the second term (saturation path) dominates. The specific trajec-
tory values of the three demand scenarios (D-L/D-M/D-H) and three supply scenarios
(5-O/S-M/S-P), together with the basis for anchoring each to the 2024 observed value, in-
ternational comparison, and the literature projections, are set out collectively in Section 3.2,
following the extraction of population scenarios (Section 3.1).

The 2100 endpoints of the three demand trajectories (D-L = 650, D-M = 780, D-
H = 850 kg/person/year) are anchored as follows. D-L = 650 corresponds to the upper
envelope of recent East Asian saturated economies, bracketed by Japan (470) and Korea
(580) with allowance for moderate further intensification, and is consistent with the empiri-
cal observation that no East Asian economy has sustained C* above 700 kg/person/year.
D-M =780 corresponds to the midpoint of the income-and-urbanization elasticity projection
under € = 0.23, 6 = 0.15 (760-800) and matches the asymptotic ceiling C;,,, in Equation (6).
D-H = 850 sits at the midpoint between the EU average (C* = 700, meat 80 kg/person/year),
and the U.S. level (C* = 1100, meat 120), with meat at 95 kg/person/year as a high-
saturation upper bound. Demand drivers beyond income and urbanization, including
dietary policy (Healthy China 2030 meat-suppression targets), environmental constraints
(carbon-neutrality 2060 livestock limits), alternative proteins (the rapid expansion of plant-
based and cultivated meat markets), and consumer preferences (Z-generation flexitarian
shift), further motivate the saturation interpretation of D-L and the calibration of D-M.
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2.4. Demand Structural Decomposition

The apparent consumption C; in the previous section aggregates all uses (food, feed,
industrial, and others). To clarify the drivers of demand growth, this section decomposes
C/ into four sectors and models the largest sector, feed grain, as an independent variable.

Per-capita total grain demand C; is decomposed into four sectors: direct consumption
(food), feed use, industrial use, and other (seed, loss, etc.):

Cf — Ci;ood + C£86d + C;nd + C?ther (7)

Among these, feed grain cfe®d is expressed as the product of per-capita meat consumption
m; (kg/person/year) and the feed coefficient ¢; (kg grain per kg meat):

cleed — ;. ¢y, Dfeed — py, .y - ¢y 8)

where D¢ is total feed grain demand (Gt/yr). Thus feed grain demand is the product of three
factors: population, diet (meat consumption), and livestock technology (the feed coefficient).

The feed coefficient ¢; is the effective value obtained by multiplying the weighted
average of livestock-specific FCR (Table 4, currently ~3.74) by the grain share of feed
(excluding forage and food residues). From 20002024 empirical data, ¢p000 ~ 2.3 and
¢oopa =~ 3.3. This rise reflects the intensification of Chinese livestock (transition from
forage dependence to compound feed). For the future, a shift toward poultry (FCR 2.0)
and scale-driven FCR improvement offset continued intensification, and ¢ is assumed to
converge to ¢p100 ~ 3.0. The convergence to FCR = 3.0 is consistent with the feed-efficiency
improvements documented in European livestock LCA research [33] and FAO long-term
projections of similar trends [30,34].

Table 4. Livestock-specific FCR and weighted average for China (basis for the upper bound of feed
coefficient ¢; composition from NBS [17]).

Livestock FCR Production Weighted
(kg Grain/kg Meat) Share (%) Contribution

Pork 4.0 55.6 2.22
Poultry 2.0 29.3 0.59
Beef 7.0 8.7 0.61
Mutton etc. 5.0 6.4 0.32
Current weighted average FCR n.a. 100 ~3.74
Long-term convergence FCR (adopted) n.a. n.a. 3.0

Note: Production composition from NBS [17]. Livestock-specific FCR values (kg cereals per kg dressed edible
meat) follow widely used FAO standard coefficients. Long-term value 3.0 reflects the efficiency-improvement
direction documented in European livestock LCA research [33]. The feed coefficient ¢; is the effective value
obtained by multiplying the weighted FCR by the grain share, with ¢4 ~ 3.3 (excluding forage and residues).

Per-capita meat consumption m; expanded from 53 kg/person/year in 2000 to
75 kg/person/year in 2024 (mainly pork and poultry). The future trajectory fol-
lows the three demand scenarios (D-L low, D-M medium, and D-H high; C3,,, =
650/780/850 kg/person/year, defined in Section 3.2), with meat consumption reach-
ing 60 (D-L), 90 (D-M), and 95 (D-H) kg/person/year in 2100. The D-H value of
95 kg/person/year is a high-saturation level, lying between the EU average (80) and
the U.S. (120).

By Equation (8), feed grain cfeed is estimated at 75 x 3.3 ~ 248 kg/person/year in
2024 (42% of C*) and 90 x 3.0 = 270 kg/person/year in 2100 under D-M. The remaining
food, industrial, and seed/loss sectors evolve as follows: food declines due to aging
and urbanization (from 177 in 2024 to about 140 kg/person/year in 2100), industrial
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use expands moderately with bioethanol and starch sugar demand, and the seed/loss
component contracts as post-harvest losses are reduced. Table 5 presents the four-sector
decomposition for empirical years and the 2100 food structure scenarios.

Table 5. Four-sector structural decomposition of C; (kg/person/year) and 2100 food structure scenarios.

Year/Scenario Food Feed Industrial/Other Total C* Meat m;
2000 (empirical) 141 123 107 371 53
2010 (empirical) 153 179 117 449 66
2024 (empirical) 177 248 165 590 75
2100 food structure scenarios (feed equation 4 = m - ¢, ¢pa100 = 3.0)

2100 D-L 130 180 340 650 60
2100 D-M 140 270 370 780 90
2100 D-H 145 285 420 850 95

Note: Feed use is calculated by Equation (8) as m; - ¢:. Food follows a declining trend due to aging and
urbanization. Industrial/Other (biofuel, starch sugar, seed, loss, and statistical residual) is obtained as the
difference from total C;. Total C; is based on the food balance sheet method of Section 2.2 (empirically validated).

Feed-grain modeling identifies feed conversion (meat consumption x feed coefficient),
rather than direct food consumption, as the dominant driver of demand growth. As of
2024, feed use accounts for 42% of C*, and of the 2000-2024 increase in C* (371—590,
+219 kg/person/year), the feed contribution is 248 — 123 = 125 kg /person/year (57%).

2.5. Chinese Domestic Production Projection Model

The domestic production model in this study is constructed using NBS (National
Bureau of Statistics) empirical values and the apparent consumption defined in Section 2.2
(Equation (2)). As a basis for projection, two reference points (base year 2000 and most
recent empirical year 2025) are anchored to empirical values, with the intervening period
and future connected by continuous trajectories directly derived from empirical data.

Base year 2000 values are as follows: Syppp = 0.462 Gt (NBS Grain broad, 2000 official);
Cso00 = 371 kg/person/year (Table 3; S + M — X = 0.468 Gt; P = 1.263 billion); D2gop =
Paooo - Copp9 = 1.263 x 0.371 = 0.468 Gt. For the most recent empirical year 2025, Syp5 =
0.715 Gt (NBS 2025 official); C5y,5 = 600 kg/person/year (extrapolated at +1.7%/yr from
590 in 2024); Dogps = 1.410 x 0.600 ~ 0.846 Gt, self-sufficiency rate 0.715/0.846 ~ 84.5%,
consistent with 2024 net imports of 0.124 Gt. A summary of base values is shown in Table 6.

Table 6. Reference values for projection based on NBS empirical data.

Base Year P (Billion) S (Gt) C{ (kg/Person/Year) D; (Gt)
2000 1.263 0.462 371 0.468
2025 1.410 0.715 600 0.846

Note: S; is NBS Grain broad (grains + soybeans + tubers). C; derived from Equation (2). Dy = P - C}. Pago = 1.263
billion is the World Bank official figure (food-balance-sheet convention). The population scenario table in
Section 3.1 uses the UN WPP/NBS-based P,gg9 = 1.270 billion; the difference reflects household-census versus
estimation methods and does not affect the conclusions.

St is given as the product of yield Y; (kg/ha) and cropland area A; (ha):
St =Yi Ay )
Table 7 shows empirical and future estimates of yield and cropland area for major
grains. China’s major grain yields grew at +1.36%/yr from 2000 to 2024, with the national

weighted average reaching 4261—5890 kg/ha. Cropland area was 130 Mha in 2000, eval-
uated at 128 Mha in the Third National Land Survey (2020), and it reached 129.3 Mha
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(1.94 billion mu) as of the end of 2024 after consecutive annual recoveries, with a 7.7%
margin to the red line of 120 Mha.

Table 7. Empirical and projected major grain yields (kg/ha, weighted average) and cropland
area (Mha).

Year Rice Wheat Maize Weighted Avg. Y; Cropland A;
2000 6272 3738 4599 4261 130.0
2010 6553 4748 5452 4974 121.7
2020 7043 5742 6317 5734 127.9
2024 7116 5856 6556 5890 129.3
Future projection (medium)
2050 8300 6900 7500 7520 120.0
2075 9500 8200 8500 8830 120.0
2100 10,000 8800 9000 10,000 120.0

Source: NBS China Statistical Yearbook [35], FAOSTAT Production (empirical). Future projections are calculated
assuming gradual deceleration with Fischer et al.’s [36] yield potential of 10,000 kg/ha and cropland red line of
120 Mha (=1.8 billion mu) as constraints. The weighted average Y;, is weighted by sown area, Y, = Y; ;- A;/ Y; A;
(equivalent to total production divided by total area; i = rice/wheat/maize; A; = sown area of each crop). The
2024 sown-area shares are approximately 30% rice, 20% wheat, 45% maize, and 5% other. The corresponding yield
trajectory and the ceiling are shown in Figure 2.

Major grain yield trajectory and the yield potential ceiling

FIpiricat Projection
=&~ Rice
11,000 A R
—&— Maize
10,000 1 == Weighted average Y¢
Potential ceiling (Fischer et al. 2011)
9000 A
= 8000
<
=}
< 7000
o
g
> 6000 T
5000 1
4000 A
3000 +
2000 2020 2040 2060 2080 2100

Year

Figure 2. Major grain yield trajectory Y; and the yield potential ceiling (10,000 kg/ha, Fischer
etal. 2011 [36]).

The long-term trajectory of domestic grain production S; is given as a simple com-
pound of period-specific growth rates r;, with gradual deceleration, anchored to the two
empirical reference points:

St =Sy - (L+r)'™%, te [ty tin] (10)

where the period-specific growth rate r; decelerates progressively as shown in Table 8.
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Table 8. Period-specific growth rates and piecewise trajectory of domestic production S;.
Period Growth r;,  Start (Gt) End (Gt) Interpretation
20002025  +1.76% 0.462 0.715 Empirical trajectory (NBS)
2025-2050 +1.0% 0.715 0.918 Technology slowdown
2050-2075 +0.7% 0.918 1.091 Approaching yield ceiling
2075-2100 +0.4% 1.091 1.20 Saturation level (red line x potential)

In units of Gt/yr, the Sy190 = 1.20 Gt ceiling is determined by the yield potential of
approximately 10,000 kg/ha ([36], Ch. 10) and the cropland red line of 120 Mha (=1.8 billion
mu, theoretical maximum) [35]. Domestic grain production is independent of population
scenarios; it is determined by yield (kg/ha) x cropland area (ha), and population scenarios
act only through the demand side.

From the total demand D; formulated in Section 2.3 and the domestic production S;
of this section, the supply-demand gap and import dependency are defined as follows:

G =D;— S (11)
I; = max(G;/Dy,0) x 100% (12)

where G; is the supply-demand gap (Gt, positive = shortage, negative = surplus), I; is the
import dependency (%, share of shortage relative to total demand, 0 when surplus).

The yield ceiling of 10,000 kg/ha adopted in the S-O scenario reflects the technological
potential identified by Fischer et al. [36]; this assumption is consistent with global yield-gap
analyses [37-39], but its realization depends on three institutional factors. First, economic
feasibility: achievement of the ceiling assumes sustained agricultural R&D investment at the
upper tier of high-income agricultural economies (such as Korea, Japan, and Israel). According
to the OECD’s Innovation, Agricultural Productivity and Sustainability in China assessment,
China’s agricultural R&D intensity, while growing rapidly in absolute terms (China is the
world’s largest investor in public agricultural R&D in money terms), still lagging behind
those of the United States and other higher-income Asian countries when measured as a
share of agricultural GDP. Second, environmental costs: realizing the yield ceiling assumes
substantial improvements in nitrogen-use efficiency (target 60% versus approximately 30% at
present) and irrigation efficiency (target 70% versus approximately 58% at present), addressing
the eutrophication and water-table-decline concerns identified by Wang et al. [40]. Third,
long-term sustainability: the 10,000 kg/ha figure represents technological potential under
best-management practices, whereas the S-M scenario (9000 kg/ha) represents a realistic
operational level in the absence of full institutional transformation. Thus S-O is positioned
as the upper-bound case under ideal conditions, S-M as the operational level under realistic
conditions, and S-P as the lower-bound case under composite degradation.

2.6. Climate, Water, and Land Constraints and the Supply Scenarios

This model adopts the cropland red line (minimum 120 Mha) and yield potential as
production constraints, and incorporates climate, water resources, and land constraint
impacts into the three supply scenarios (S-O optimistic, S-M medium, and S-P pessimistic,
defined in Section 3.2) (Figure 3). Specifically, S-M (medium) assumes climate impact
—10% and red-line —5% breach, while S-P (pessimistic) assumes climate impact —20% and
red-line —10% breach.

Regarding the impact of climate change on Chinese agriculture [41-43], Chou et al. [44]
use an economy—climate (C-D-C) model to project grain yield changes for China, Japan,
and Korea, showing that from 2021 to 2050 climate change exerts positive impacts on rice
and wheat yields in China (with regional and SSP-dependent variation), while maize is
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negatively affected; risks vary widely across regions and crops. Tao et al. [45] used 1981-
2009 empirical data to analyze wheat impacts across China’s major climate zones, showing
that warming effects vary by region (increases of +0.9% to +12.9% in northern zones,
and decreases of —1.2% to —10.2% in southern zones). Zhao et al.’s [46] meta-analysis
of four independent models shows global average yield decline per 1°C temperature
increase of rice —3.2%, wheat —6.0%, maize —7.4%, and soybean —3.1% (including Chinese
data). These China-specific findings are consistent with global cross-sectional evidence
on climate-yield relationships [47-49] and with documented increases in adverse weather
frequency under warming [50]. This study’s S-P scenario assumes a —20% climate impact,
which lies within the range implied by linear extrapolation of the above per-°C estimates
to 4 °C warming (wheat: —24% from both Asseng et al. [49] and Zhao et al. [46]; maize:
—29.6% from Zhao et al. [46]). This assumption is empirically bounded and represents a
conservatively pessimistic case. Note that climate impacts show significant regional and
crop-specific differences, with North China Plain maize and wheat being most affected.

Regarding water resource constraints [51,52], Wang et al.’s [40] evaluation of China’s
water resources and food security indicates that groundwater levels in the North China
Plain declined by 1.0-1.5 m/yr on average during the period leading up to 2017, with
agricultural groundwater depletion identified as one of China’s most serious resource
problems threatening food security. Liu et al.’s [53] global water resource assessment also
classifies the North China Plain as one of the most water-stressed agricultural regions
worldwide. More recent evidence indicates that groundwater levels have begun to recover
at approximately +0.7 m/yr since 2020, driven by South-to-North Water Transfer Project
deliveries and stricter pumping regulations, with 2024 levels surpassing those of 2005. This
partial recovery reduces the near-term severity of the constraint but does not eliminate the
aforementioned structural vulnerability; long-term sustainability under climate change
remains uncertain. Limitations of the South-to-North Water Transfer Project, combined
with precipitation pattern changes from climate change, suggest agricultural water may
decrease by 15% or more by 2050. This directly impacts North China irrigated agriculture
(60% of China’s wheat production and 40% of maize production). The S-P scenario in this
study collectively incorporates these climate impacts and water resource constraints as
climate —20% reduction.

Cropland quality degradation includes soil degradation from excessive chemical fertil-
izer input, heavy metal contamination, and salinization. These factors hinder achievement
of yield potential, potentially causing downward deviation from Fischer et al.’s [36] theo-
retical maximum of 10,000 kg/ha. The S-M and S-P scenarios collectively represent these
composite degradation factors as yield reduction.

The three supply scenarios use mean yield reduction as a proxy for diverse climate-
related stresses. As a further stress test, we define a compound-stress scenario S-XP in which
climate impact —20% is combined with an additional —10% drought-and-event premium
(total —30%, yield 7000 kg/ha) and the red-line breach is deepened to —15% (cropland
102 Mha). S-XP represents a compound climate-and-land stress that conservatively exceeds
the IPCC AR6 SSP5-8.5 envelope and lies outside the principal 27-scenario axes; quantitative
results for S-XP are reported at the end of Section 3.3.
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(a) Yield under supply scenarios (climate impact) (b) Cropland area under supply scenarios (land constraint)
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Figure 3. Components of the three supply scenarios. (a) Yield Y; trajectory: S-O optimistic reaches
the yield potential of 10,000 kg/ha, S-M medium reaches 9000 under climate impact —10%, and S-P
pessimistic reaches 8000 kg/ha under climate impact —20%. (b) Cropland area A; trajectory: S-O
optimistic maintains the cropland red line of 120 Mha, S-M medium breaches it by —5% (114 Mha),
and S-P pessimistic by —10% (108 Mha). The supply scenarios S-O/S-M/S-P are defined in Section 3.2.

3. Results

3.1. Population Projection Results and Extraction of Three Scenarios for Food Security Analysis
Table 9 shows the population trajectory for six scenarios (10-year keypoints and 2020-

baseline decline rate). All scenarios peak around 2021 at approximately 1.412 billion and

then decline (Figure 4). The empirical baseline S2 projects 460 million by 2100, a 68%

population decline from 2020. Even the high S3 scenario (660 million) implies a 54% decline,

and even the substantial recovery scenario 56 falls to 954 million (a 33% decline).

Table 9. Scenario-based population trajectory (billion, every 10 years).

Year S1 S2 S3 S4 S5 S6
2000 1.270 1.270 1.270 1.270 1.270 1.270
2010 1.352 1.352 1.352 1.352 1.352 1.352
2020 1.412 1.412 1.412 1.412 1.412 1.412
2030 1.373 1.387 1.400 1.398 1.403 1.413
2040 1.260 1.304 1.349 1.343 1.358 1.394
2050 1.110 1.194 1.274 1.260 1.290 1.348
2060 0.920 1.047 1.156 1.135 1.178 1.261
2070 0.710 0.887 1.031 0.999 1.060 1.170
2080 0.530 0.734 0.910 0.870 0.945 1.092
2090 0.400 0.589 0.781 0.745 0.820 1.016
2100 0.320 0.460 0.660 0.633 0.700 0.954
TFR assumption ~0.75 ~1.0 ~1.25 1.0—135 ~1.31 1.5—1.85
Decline from 2020 78% 68% 54% 55% 51% 33%

Note: Basis for TFR and 2100 population by scenario in Table 2. S2 is the empirical baseline.

Incorporating TFR uncertainty via the probabilistic framework introduced in
Section 2.1 (¢ = 0.13, N = 10,000 draws), the 2100 population 95% confidence inter-
vals are as follows: S1 [146,492] million (median 322), S2 [286, 635] million (median 459), S3
[484, 832] million (median 660), and S5 [523, 875] million (median 699). The upper bounds
across all scenarios remain well below the self-sufficiency equilibrium population thresh-
olds reported in Section 3.5 (1.10-1.54 billion depending on supply scenario), confirming
that surplus emergence is robust to scenario-internal TFR uncertainty. In particular, even
the 97.5th percentile upper bound of S5 (875 million) sits below the S-P (pessimistic supply)
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equilibrium of 1.10 billion, so the qualitative conclusion of long-term surplus is preserved
across the entire TFR uncertainty envelope.

For food supply-demand analysis, we narrow the six scenarios to three to consolidate
the discussion. 54 and S6 are close to S3 and S5, respectively, and they are merged, and
53 has limited difference from medium S2, so S5 serves both as the policy target and upper
bound. We finally adopt low P1 (=51, Korean type, 320 million), medium P2 (=52, status
quo, 460 million, empirical baseline), and policy target P3 (=S5, 700 million). These three
scenarios cover the East Asian empirical TFR range of 0.75-1.31 and provide the population
width necessary for food security analysis (320-700 million).

1600 Population Trajectories by Scenario (2000-2100)

Peak: 1426 million —e— S1 Low (TFR = 0.75)
(around 2021)
==s==S2 Status Quo (TFR = 1.0)
_ —e— S3 High (TFR = 1.25)
1400 < - ‘
‘‘‘‘‘ - S4 UN Median (TFR 1.0 » 1.35)
- S5 Mild Recovery (TFR = 1.3)
—e~ 56 Substantial Recovery (TFR - 1.85)
1200

1000 N0 DN RS T

Self-sufficiency equilibrium: 667 million
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(=2} o]
(=1 (=]
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Figure 4. Scenario-basedpopulation trajectory (2000-2100). Core scenarios (51-53, solid lines) and
reference scenarios (54-56, dashed lines). All scenarios peak around 2021, then decline.

Population decline in S2 (status quo) is not constant but accelerating. From 2020 to
2050 (30 years), the decrease is 232 million (average 7.73 million/yr), while from 2050 to
2100 (50 years), the decrease is 734 million (average 14.68 million/yr), with the latter
half’s decline rate approximately doubling. This is because the population of reproductive-
age women (20-39) decreases exponentially, reflecting the feedback structure of the “low
fertility trap”. Inter-scenario differences are relatively small in 2030 (1.373-1.413 billion,
width 40 million), indicating limited room for policy intervention. However, by 2100, the
difference between S1 (320 million) and S6 (954 million) expands to 634 million, making
clear that TFR assumption differences have decisive long-term impact.

Population aging also progresses rapidly. According to Li & Zhou's [21] CPPS projec-
tion, when TFR = 1.0, the elderly ratio (65+) reaches 53.91% by 2100. Aging affects labor
supply, social security, and consumption patterns, but since this study’s food demand
model uses apparent consumption C;, age structure changes do not directly affect demand
projection.

Table 10 shows the year-of-publication ordered comparison of major population
projections. The trend of downward revision with later publication year is clear.

This study’s results show consistency with independent projections (Table 11,
Figure 5). 52 (460 million) exactly matches Southwestern University of Finance and
Economics (SWUEFE) [22] TFR = 1.05 fixed projection (460 million), mutually validating
through convergence of independent methods. In Li & Zhou's [21] CPPS projection, the
TFR = 1.2 scenario (634 million) falls between S3 (660 million, +4%) and S4 (633 mil-
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lion, —0.2%). The common finding of both studies is that 2100 population falls in the
500-700 million range under TFR = 1.0-1.2.

Table 10. Year-ordered comparison of China’s 2100 population projections.

Source Year 2100 Population (Billion)
IHME [23] 2020 0.732

UN WPP 2022 0.767 (temporary upward revision)
UN WPP 2024 0.633
Peng/Li-Zhou 2024 0.525-0.634
SWUFE/This study 2025 0.460

Table 11. China 2100 population projection: comparison with the major literature.

Source Year Method TFR 2100 Mapping
UN WPP 2022 [26] 2022 Probabilistic cohort 1.1—1.4 0.767 n.a.

IHME [23] 2020 GBD model CCF50 0.732 na.

UN WPP 2024 [19] 2024 Probabilistic cohort 1.0—1.35 0.633 =54
Li-Zhou [21] 2026 CPPS 1.2 fixed 0.634 ~S3/54
This study S3 2025 High (recovery) ~1.25 0.660 Core high
Peng [54] 2024 CGE + cohort 1.0—»1.48 0.525 S2-S3 mid
This study S2 2025 Status quo ~1.0 0.460 Baseline
SWUEE [22] 2025 TFR fixed 1.05 fixed 0.460 =S2

This study S1 2025 Low (Korean type) ~0.75 0.320 Core low
SWUFE [22] 2025 TFR fixed 0.72 fixed 0.320 =S1

China's 2100 Population Projections: Literature Comparison

UN WPP 2022
(2022)

767 M

IHME
(2020) 732 M

UN WPP 2024
(2024)

Li-Zhou CPPS
(2024)

SASS
(2024)

This study S2

(2025) 460 M

460 M

Independent estimates converge
at 460 million

SWUFE
(2025)

This study S1
(2025) 320 M

6 2(I)0 460 660 860
2100 Population (millions)

Figure 5. China 2100 population projection: comparison with major literature. Sources shown in
the image: UN WPP 2022 [26], IHME [23], UN WPP 2024 [19], Li-Zhou CPPS [21], SASS [54], and
SWUEE [22]. Red is this study, orange is SWUFE, blue is UN WPP 2024. This study S2 (460 million)
and SWUFE (460 million) independently converge to the same result.

3.2. Design and Demand/Supply Trajectories of 27-Scenario Integrated Analysis

To evaluate the robustness of food security, we conduct an integrated 27-scenario
analysis with 3 population scenarios x 3 demand scenarios x 3 supply scenarios.

On the demand side, we set three future trajectories of per-capita total grain demand
C§100 based on international comparison. D-L (low saturation, 650 kg/person/year, East
Asian saturation type) corresponds to progress in health orientation and alternative protein
adoption. D-M (medium, 780 kg/person/year, EU type) is the baseline, consistent with the
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OECD-FAO Outlook. D-H (high saturation, 850 kg/person/year, EU + a type) is a high-
saturation case based on international comparison, above the EU average (C* = 700, meat
80 kg/person/year) but below the U.S. (1100, meat 120), with meat at 95 kg/person/year
(between the EU and the U.S.). The U.S.-type full emulation (D-X: 1100 kg/person/year)
is culturally and health-policy-wise difficult and is examined separately as an additional
stress test in Section 3.5.

All three trajectories share the 2024 observed value of 590 kg/person/year as a common
starting point, and are constructed by anchoring the 2100 endpoints (D-L 650, D-M 780,
and D-H 850) to high-income country empirics and international comparison. The medium
scenario D-M’s 2050 value of 740 kg/person/year is the reference trajectory consistent with
the medium-term projections of DRC (Development Research Center of the State Council, 700),
OECD-FAO Agricultural Outlook, and IFPRI IMPACT (600-700), and matches the elasticity-
based projection with € = 0.23 and J = 0.15. The low D-L (2050 = 680) and high D-H (2050 =
800) are set as scenario assumptions that bracket this literature range from below and above,
framing D-M between low- and high-end cases. Intermediate years are interpolations from the
2024 starting point reflecting income-growth deceleration, and the period-by-period growth
rates implied by Table 12 are derived results of these anchored trajectories.

On the supply side, three scenarios are set by combinations of yield Y; and cropland
At. S-O (optimistic, Yp190 = 10,000 kg/ha, Az190 = 120 Mha, S»109 = 1.20 Gt) corresponds
to Fischer et al.’s [36] yield potential with the cropland area maintaining the red line.
5-M (medium, Y = 9000, A = 114 Mha, S = 1.03 Gt) corresponds to a climate impact
of —10% exceeding the upper range of Chou et al.[44] and a red-line —5% breach. S-P
(pessimistic, Y = 8000, A = 108 Mha, S = 0.86 Gt) corresponds to a climate impact
of —20% conservatively exceeding Chou et al.’s range, combined with a red-line —10%
cropland breach (scenario assumption). On the population side, we adopt S1, S2, and
S5 (P1 = 320 million, P2 = 460 million, and P3 = 700 million). Keypoint values of these
demand/supply trajectories are shown in Table 12.

Table 12. Trajectories of three demand/supply scenarios (Gt or kg/person/year).

Scenario 2024 2030 2050 2100
Cf (kg/person/year)

D-L Low saturation (East Asian saturation type) 590 615 680 650
D-M Medium (EU type) 590 626 740 780
D-H High saturation (EU + « type) 590 640 800 850
5t (GH)

S-O Optimistic (red-line maintenance,

technology ceiling) 0.707 0.756 0918 1.20

S5-M Medium (climate —10%, red-line —5% breach) 0.707 0.720 0.850 1.03
S-P Pessimistic (climate —20%, red-line —10% breach) 0.707 0.680 0.760 0.86

The interpolation method for the cropland trajectory of each supply scenario is shown
in Table 13. Starting from the 2024 empirical value (129.3 Mha), cropland is linearly
interpolated to each scenario’s target level by 2050 and assumed to stabilize at the red line
or breach level thereafter.

The long-term supply-demand trajectory is shown in Figure 6. Demand under the
baseline (P2 x D-M) peaks at around 0.89 Gt in the late 2030s, then contracts to 0.359 Gt
by 2100 due to population decline and the saturation effect of C;. Supply reaches 1.20 Gt
by 2100 under red-line maintenance (5-O) and retains 0.86 Gt even under the pessimistic
scenario (S-P). Their crossover shifts all scenarios into the surplus region after 2050.
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Table 13. Cropland area trajectory of the three supply scenarios (Mha).
Year S-O Optimistic S-M Medium S-P Pessimistic Interpolation
2024 129.3 129.3 129.3 Empirical (common)
2050 120.0 114.0 108.0 Linear decline 2024—2050
2075 120.0 114.0 108.0 Stable at red /breach
2100 120.0 114.0 108.0 Same as above

Red-line ratio Maintained —5% breach —10% breach n.a.

Long-term supply-demand trajectory of China (2000-2100, representative scenarios)
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Figure 6. Long-term supply-demand trajectory of China (2000-2100). Three supply scenarios (blue
solid lines) and the three main demand trajectories (red, orange, green). The green area is the surplus
region of the baseline (P2 x D-M). Even the worst case P3 x D-H x S-P retains a 0.265 Gt surplus
in 2100.

3.3. 27-Scenario 2100 Results: All Achieve Surplus

Figure 7 summarizes the 2100 supply—demand gap for all 27 scenarios. Demand
D = P x C* and gap G = D — S (negative = surplus) are computed, and three panels
(P1/P2/P3), each a 3 x 3 grid of demand (vertical: D-L/D-M/D-H) against supply (hori-
zontal: S-O/S-M/S-P), show every combination with color (blue = surplus, red = shortage)
and the numeric value. Moreover, #1-#27 are numbered in the order population — demand
— supply. All 27 scenarios achieve surplus, with the worst case #27 (P3 x D-H x S-P)
retaining 0.265 Gt surplus, the best case #1 (P1 x D-L x S-O) 0.992 Gt, and the empirical
baseline #13 (P2 x D-M x S-O) 0.841 Gt. This demonstrates the robustness of long-term
food security.

As a supplementary stress test, the S-XP scenario defined in Section 2.6 (climate —30%
and red-line breach —15%) represents a compound stress that conservatively exceeds the
IPCC AR6 SSP5-8.5 envelope and lies outside the principal 27-scenario axes. Under S-XP,
2100 production falls to yield 7000 kg/ha x cropland 102 Mha ~ 0.71 Gt. Against the
worst-case demand combination P3 x D-H (D = 0.595 Gt), a surplus of S — D ~ 0.12 Gt
remains. The robustness of surplus emergence is therefore confirmed even under this
compound climate-and-land stress, although S-XP is reported as a stress-test axis rather
than as a primary projection.
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Summary of 27-Scenario 2100 Supply-Demand Gap G =D - S
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Figure 7. Summary heat map of the 2100 supply-demand gap G = D — S (Gt) for the 27 sce-
narios. Three panels correspond to the population scenarios (P1/P2/P3); each 3 x 3 grid maps
demand (D-L/D-M/D-H) against supply (S-O/S-M/S-P). Negative values (blue) = surplus, positive
(red) = shortage. All 27 cells are negative; the worst case #27 (P3 x D-H x S-P) retains a —0.265 Gt
surplus, while the best case #1 (P1 x D-L x S-O) reaches —0.992 Gt.

3.4. Medium-Term 2030 and 2050 Supply—Demand Gap

The medium term (2030-2050), in which population decline has not yet progressed
and demand expansion is still active, presents the highest import dependency risk in our
framework. This section describes the medium term from four perspectives: (i) represen-
tative cases, (ii) the full 27-scenario outcome at 2050, (iii) uncertainty via the median and
quantile range, and (iv) the timing of permanent self-sufficiency.

3.4.1. Representative Cases

Table 14 shows the 2030 and 2050 supply—demand gap and import dependency for
the best, baseline, and worst cases. The worst case (P3 x D-H x S-P) reaches 24.3% import
dependency in 2030 and 26.4% in 2050, while the baseline (P2 x D-M x S-O) reverts from
12.8% dependency in 2030 to a small surplus by 2050. The best case (P1 x D-L x S-O) holds
dependency to 10.5% in 2030 and reaches a 0.163 Gt surplus by 2050.

Table 14. Supply-demand gap for representative cases in 2030 and 2050.

Case 2030 2050

G (Gt) Dependency G (Gt) Dependency
Best (P1 x D-L x S-O) -+0.089 10.5% —0.163 0%
Baseline (P2 x D-M x 5-O) +0.111 12.8% —0.034 0%
Worst (P3 x D-H x S-P) +0.218 24.3% +0.272 26.4%

3.4.2. All 27 Scenarios at 2050

At 2050, 17 of the 27 scenarios (63%) remain in shortage, and the remaining 10 (37%)
have already shifted to surplus (Table 15). The largest shortage is #27 (P3 x D-H x S-P) at
+0.272 Gt (26.4% dependency), and the largest surplus is #1 (P1 x D-L x S-O) at —0.163 Gt.
The baseline #13 (P2 x D-M x S-O) is already in a small surplus (—0.034 Gt), but shortages
remain whenever demand reaches D-M or higher and supply falls to S-M or below. With
a majority still in shortage at 2050, this period is when import-dependency management
matters most, and the combinations of demand scenario (D-L/D-M/D-H) and supply
shock (5-M/S-P) account for most of the medium-term uncertainty.
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Table 15. The 2050 supply—-demand gap G = D — S for the 27 scenarios (Gt, negative = surplus).
Parenthetical values give the import dependency when G > 0.

# Pop. Demand D S-0 (0.918) S-M (0.850) S-P (0.760)

(Billion) (C* kg) (Gt) G (GY) G (GY) G (GY)

#1-3  P1(1.110) D-L(680) 0.755 ~0.163 —0.095 —0.005
#4-6 P1 D-M (740) 0.821 —0.097 —0.029 +0.061 (7.5%)
#79 P1 D-H (800) 0.888 ~0.030 +0.038 (4.3%)  +0.128 (14.4%)
#10-12 P2 (1.194) D-L 0.812 —0.106 —0.038 +0.052 (6.4%)
#13-15 P2 D-M 0.884 —0.034 +0.034 (3.8%)  +0.124 (14.0%)
#16-18 P2 D-H 0955 +0.037(39%) +0.105(11.0%) -+0.195 (20.4%)
#19-21 P3(1.290) D-L 0.877 —0.041 +0.027 (3.1%)  +0.117 (13.4%)
#2204 P3 D-M 0955 +0.037(39%) -+0.105(11.0%)  +0.195 (20.4%)
#25-27 P3 D-H 1.032  +0.114 (11.0%) +0.182 (17.6%) +0.272 (26.4%)

Note: Numbering (#1—#27) follows the order population — demand — supply (consistent with Figure 7). At 2050,
10 scenarios (#1#5, #7, #10-#11, #13, #19) are in surplus and the remaining 17 are in shortage.

3.4.3. Timing of Permanent Self-Sufficiency

Figure 8 maps the year in which each scenario crosses into permanent surplus. The
earliest is 2039 (#1, P1 x D-L x S-O) and the latest is 2079 (#27, P3 x D-H x S-P); all
27 scenarios reach permanent self-sufficiency by 2079. The baseline #13 (P2 x D-M x S-O)
reaches self-sufficiency in 2047, and more than half of the scenarios transition by the 2050s.
The combinations that hold P3 population while combining high demand and pessimistic
supply (#25—#27) push the crossover year to 2060-2079.

Year of Permanent Self-Sufficiency for the 27 Scenarios

P1 (Low, 0.32B) P2 (Medium, 0.46B, baseline) P3 (Policy target, 0.70B)
. D-L(650,JP/KR){ 2039 2043 2050 _ D-L(650,JP/KR){ 2041 2047 2054 . D-L(650,JP/KR){ 2046 2053 2061
T T T
B B B
g g g
S El S
& & &
8 D-M(780, EU)4 2043 2048 2054 8 D-M (780, EU){ 2047 2053 2060 8 D-M (780, EU){ 2053 2059
k=1 =1 k=1
g g g
g g g
8 8 g
S DeH (850, EU+a)| 2048 2053 2059 S D-H (850, EU+a){ 2053 2058 S Do (850, EU+a) {

20

3) ©)
Al A0 08
o™ M 2 5\7?655’\

o . .

o3 30) ) 03 36
o ?ess,@- RES Q- YWSS,\O-
.

N
A QO
- e -
500" o2 500 o

Supply Sz100 (Gt)

2040 2045 2050 2055 2060 2065 2070 2075
Self-sufficiency year

Cell value = first year of permanent surplus through 2100. Lighter = earlier, darker = later

Figure 8. Year of permanent self-sufficiency for each of the 27 scenarios. Three panels correspond
to the population scenarios (P1/P2/P3); each 3 x 3 grid maps demand against supply. Lighter
cells indicate earlier crossover (late 2030s) and darker cells indicate later crossover (late 2070s). All
combinations reach permanent self-sufficiency by 2079.

3.5. Self-Sufficiency Equilibrium Population and Robustness Verification

The population at which total grain demand equals domestic production is defined
as the self-sufficiency equilibrium population X,,. Calculated by supply scenario (D-M =
780 kg/person/year basis),

1.20 1.03 0.86
SO _ ~ SM _ ~1 SP _ ~ 1.10 billi
Xo = 0780 154, X 0780 132, Xz 0780 1.10 billion  (13)
Even under the worst supply S-P, the self-sufficiency equilibrium population is 1.10 bil-
lion, far exceeding P3 = 700 million.
As an additional stress test, we examine U.S.-type full emulation (D-X =

1100 kg/person/year). All nine sub-scenarios maintain surplus, with a worst margin
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of 0.090 Gt at P3 x D-X x S-P. Since reaching D-X is culturally and health-policy-wise
difficult, this does not affect the main conclusion.

3.6. Parameter Sensitivity Analysis

To identify which model parameters most influence the 2100 supply—demand gap
G, we perform a deterministic tornado sensitivity analysis (Figure 9). Each of five key
parameters is perturbed by a characteristic deviation +A, from its baseline value while
all other parameters are held at their baseline, and the resulting change AG is computed.
The characteristic deviation A, is empirically grounded and comparable across parameters:
for demand-side parameters (¢, §, gs) it corresponds to the empirical standard deviation
across the central literature estimates cited in Section 2.3, and for supply-side parameters
(yield ceiling and 2100 cropland) it corresponds to the half-spread of the deterministic
supply scenarios (S-O/S-M/S-P) defined in Section 2.6. Specifically: income elasticity
€ = 0.23, A = £0.05 (half-spread of the central literature estimates discussed in Section 2.3);
urbanization elasticity 6 = 0.15, A = +0.04 (half-spread of the saturation-stage estimates
derived from OECD-FAO and Zhou et al.’s [31] urban subsample analysis); long-term
income growth g5 = 2.0%, A = £0.5% (half-spread of central long-term projections by IMF,
World Bank, and OECD); yield ceiling 9500 kg/ha (midpoint of S-O and S-M), A = £1000
(the deterministic-scenario spread, covering S-O 10,000 and S-M 9000); and 2100 cropland
114 Mha (equal to S-M), A = %6 (half-spread of deterministic S-O 120 and S-P 108).

The tornado analysis ranks the drivers of Gyigp as follows: (1) yield ceiling (|AG| =
0.114 Gt), (2) cropland area (0.057 Gt), (3) long-term income growth g, (0.018 Gt), (4) income
elasticity € (0.005 Gt), and (5) urbanization elasticity ¢ (0.002 Gt). Supply-side capacity
parameters dominate the sensitivity, with demand-side elasticities entering only after the
saturation cap of Equation (6) substantially limits their influence beyond 2050. This pattern
indicates that policy levers most consequential for the magnitude of surplus are those that
bear on yield realization and red-line maintenance, not on income or urbanization dynamics.

Even the worst characteristic-deviation combination of yield ceiling (8500 kg/ha) and
cropland (108 Mha) yields Sp199 = 0.92 Gt, well above the baseline demand D199 = 0.36 Gt
under P2 x D-M, preserving the surplus conclusion.

Tornado: Sensitivity of 2100 supply-demand gap

Yield ceiling (+1000 kg/ha) 1

Cropland 2100 (+6 Mha) T

Long-term income growth (+0.5%) 1

Income elasticity € (+0.05)

Urbanization elasticity 6 (+0.04) 1 e +Ap
B -Ap

-0.10 —-0.05 0.00 0.05 0.10
AG_2100 (Gt) from characteristic deviation *Ap

Figure 9. Tornado sensitivity of the 2100 supply—demand gap G to characteristic-deviation A, per-
turbations of five input parameters (demand-side: empirical literature SD; supply-side: half-spread of
the deterministic supply scenarios). Yield ceiling and cropland area dominate; income/urbanization
elasticities are damped by the saturation cap.
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4. Discussion
4.1. Historical Context: Reexamining the Brown Argument

How can Brown’s prediction be evaluated 30 years later? The question raised by Lester
Brown in 1995 in Who Will Feed China? [27] has been a central topic of international food se-
curity debate. Brown’s pessimistic prediction (that China would import over 200 Mt of grain
by 2030 and disrupt world markets) has been partially realized. China’s grain imports in the
2020s are in the 120-160 Mt/ yr range, approaching Brown'’s projection. However, Brown
did not foresee two factors. China’s agricultural productivity improvement progressed at
levels exceeding expectations, with yields rising over 30% from 2000 to 2024, allowing self-
sufficiency to remain at the 85% level while absorbing surging feed demand. In addition,
an accelerated demographic transition has placed China in a population-decline phase in
the second half of the 21st century. Under this study’s NBS empirical-based projection,
most scenarios achieve food self-sufficiency or minor dependency by 2050, transitioning to
substantial surplus after 2075. Thirty years after Brown [27], the question may completely
invert to “Who will China feed?”

Based on China’s 2023 official TFR of 1.01, UN WPP 2024’s medium estimate (633 mil-
lion) becomes a relatively high reference value resting on recovery assumptions. While
most population projections have treated the UN medium estimate (633 million by 2100) as
the baseline, anchoring to the 2023 official TFR places the empirical baseline at 460 million
by 2100, with the UN medium of 633 million reframed as a reference value that embeds a
recovery assumption.

4.2. Implications, Policy, and Paradigm Shift

The main implications of the projection based on NBS empirical data fall into three
points: (i) the medium-term import dependency decays gradually from 12-14% (2030) to
around 5% or surplus by the 2050s, a direct consequence of anchoring demand D; and sup-
ply St absolute levels to empirical data; (ii) the self-sufficiency equilibrium population X,
is estimated at approximately 1.54 billion, with all population scenarios substantially below
this value, and the S5 policy target (700 million) sits at 46% of the equilibrium, positioned
as a level achieving both population maintenance and food surplus; and (iii) China’s food
policy will undergo a paradigm shift from “shortage management” to “surplus utilization”.
Under S2, by 2100, total demand reaches 0.359 Gt, production 1.20 Gt, and surplus approxi-
mately 0.841 Gt, a reversal from import dependency to surplus utilization spanning more
than half a century.

In the short term (2025-30), as realistic management of 12-14% import dependency,
qualitative expansion of strategic reserves and diversification of import partners (dispersion
of 70% Brazilian soybean dependency) are prioritized. In the medium term (2030-50), as
transition management, (a) diversification of surplus grain uses (bioethanol, feed exports,
and humanitarian reserves), (b) response to aging agricultural labor (Al agriculture and
smart mechanization), and (c) gradual diffusion of alternative protein sources become
challenges. In the long term (2050-2100), the surplus utilization and international contribu-
tion phase begins, with the ASEAN+3 emergency rice reserve (APTERR: the ASEAN Plus
Three regional rice reserve covering China, Japan, and Korea), Belt and Road agricultural
cooperation, and technology transfer to Africa, allowing China’s food surplus to contribute
to international market stabilization. Concurrently, (i) multifunctionalization of farmland
(conversion to biofuel, solar power, and ecosystem services), (ii) policy reexamination of
the cropland red line (minimum 120 Mha maintenance), and (iii) redesign of rural society
(response to declining agricultural workforce) become medium- to long-term challenges.
The achievement of S5 policy target (700 million maintenance) requires TFR recovery to
~1.31, and given that pro-natalist policies in East Asian precedents (Korea, Japan, and
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Singapore) have not recovered TFR by 0.2 or more, this premise requires considerably
strong policy effects.

4.3. China’s Future Trajectory: International Dietary Comparison and the Possibility of
Net-Export Transition

We verify the validity of demand scenarios (D-L/D-M/D-H) through international
comparison. Based on FAOSTAT food balance sheets (2023), Table 16 shows per-capita
grain total use C* and meat consumption for major countries/regions. China’s 2024
C* =590 kg/person/year is close to the Korean level (580), but meat consumption already
exceeds Japan (50) and Korea (65), reaching 75 kg/person/year.

Table 16. Per-capita consumption comparison for major countries/regions (2023) and China’s future

scenarios.
Country/Type C* (kg) Food Meat Dairy GDP (USD)
Japan 470 90 50 95 33,800
Korea 580 130 65 35 33,000
China (2024 empirical) 590 145 75 28 12,500
EU average 700 140 80 240 38,000
United States 1,100 110 120 270 75,000
China D-L 2100 650 110 60 60 30,000
China D-M 2100 780 100 90 80 35,000
China D-H 2100 850 100 95 100 40,000

Source: FAOSTAT FBS 2023, World Bank GDP per capita 2023, this study’s scenario setting.

As China’s future trajectory, this study positions D-M as the baseline (EU type) and
D-H as the upper bound (EU + « type). The U.S. type (C* = 1100) is unlikely to be
reached, for three reasons: (i) China’s food culture (grain/vegetable/seafood-centered)
differs substantially from the U.S. (beef-centered); (ii) health policy (Healthy China 2030)
acts in the direction of meat suppression; and (iii) climate policy suppresses livestock
expansion. This study’s D-H (meat 95 kg/person/year) corresponds to a high-saturation
upper-bound case lying between the EU average (80) and the U.S. (120).

The 0.84 Gt food surplus projected by 2100 (P2 x D-M x S-O baseline) suggests the
possibility of China’s conversion from net importer to net exporter. Indeed, China was a
net soybean exporter from the 1980s to the 1990s (600,000-1 million tonnes/yr) and also
exported rice. However, conversion to net exporter faces four obstacles.

Four obstacles apply. First, commodity imbalance: even with a total grain surplus,
soybeans remain at 15% self-sufficiency, so structural import dependency continues, and
given that China currently imports 60% of world soybean trade, soybean imports would
likely persist even under a net-export scenario. Second, international competitiveness
constraints: against U.S. and Brazilian soybean and maize exports, China’s production
cost structure (small-farmer-centered, high land rent) is disadvantageous, and exports lack
economic rationality without government subsidies. Third, domestic political constraints:
under a “food-security-first” policy, strategic reserve expansion is prioritized and exports
tend to be suppressed. Fourth, geopolitical risks: instability in international grain markets
from climate change, drought, and conflict makes China reluctant to adopt policies that
readily provide export capacity.

Considering these constraints, China’s surplus utilization is more likely to head toward
strategic reserve expansion, humanitarian aid, and international cooperation (Belt and
Road agricultural cooperation, ASEAN+3 emergency rice reserves) rather than a complete
conversion to a net exporter. Under the S5 policy target, surplus utilization will be politically
evaluated as contribution to international food security.
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4.4. Geopolitical and Trade Uncertainties

The 27-scenario framework assumes broadly continuous international trade and a
stable supply-chain environment. Five categories of disturbance lie outside the model and
merit explicit acknowledgment. First, trade disruptions: the 2018-2019 U.S.-China trade
conflict and its soybean-flow redirection raised China’s Brazilian dependence above 60%,
illustrating how bilateral policy can re-route entire commodity streams within months.
Second, international conflicts: the 2022-2023 wheat and fertilizer market disruptions
following the Ukraine war showed that compound shocks to grain and input markets can
co-occur and amplify each other; China absorbed these shocks largely through strategic
reserves rather than the production-side resilience modeled here. Third, supply-chain
shocks: the COVID-19 maritime-logistics slowdown of 20202021 demonstrated that physi-
cal movement constraints can be as binding as price shocks, with China’s ~90-day reserve
providing the buffer that enabled continued imports. Fourth, fertilizer availability: approx-
imately 70% of urea and potash inputs trace internationally to Russia, Belarus, and Canada,
creating a concentration risk distinct from the grain trade itself. Fifth, energy prices: syn-
thetic fertilizer costs are tightly coupled to natural-gas prices, transmitting energy-market
volatility into production costs. Diversification beyond Brazilian soybeans, domestic potash
development, and decoupling of synthetic-fertilizer cost structures emerge as essential
complements to the production-side resilience documented in this study. Quantitative
integration of these trade-political shocks into the supply-demand framework is left for
future work.

4.5. Limitations

The findings reported here are subject to seven limitations. First, fixed parameters: in-
come elasticity € = 0.23, urbanization elasticity J = 0.15, and the convergence FCR = 3.0 are
held constant over the 100-year horizon, whereas a fully realistic model would incorporate
elasticity decay and technological improvement trajectories. Second, geopolitical-trade
integration: trade conflicts, sanctions, and fertilizer-supply shocks are discussed quali-
tatively (Section 4.4) but not modeled quantitatively. Third, commodity disaggregation:
the analysis is conducted at the aggregate grain level, whereas the structural soybean
dependency at ~60% of global trade is not captured by the total-grain surplus headline.
Fourth, water dynamics: groundwater depletion in the North China Plain and the limits
of the South-to-North Water Transfer Project are absorbed into the S-M and S-P yield-
reduction parameters rather than modeled as independent dynamic variables. Fifth, S-O
technological premise: realization of the 10,000 kg/ha ceiling requires the institutional
conditions discussed in Section 2.5 and should be read as a policy-target trajectory rather
than a forecast. Sixth, projection horizon: 100-year projections accumulate structural uncer-
tainty (climate, technology, policy, social change) such that the precision of point estimates
beyond 2050 is limited; we have designed the scenario span to bracket realistic outcomes
rather than to deliver precise forecasts. Seventh, structural-uncertainty unrepresentability:
the sensitivity analyses (TFR Monte Carlo in Section 3.1 and the deterministic tornado in
Section 3.6) capture parametric uncertainty but cannot represent structural changes such as
paradigm shifts in dietary culture, agricultural technology breakthroughs, or geopolitical
realignments. These limitations, particularly the structural uncertainties (items 6 and 7),
constrain the absolute precision of point estimates beyond 2050. However, as shown by the
characteristic-deviation sensitivity analysis in Section 3.6, the supply-demand gap remains
on the surplus side even under the worst parameter combination, so the qualitative finding
of long-term surplus emergence holds despite these limitations.
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5. Conclusions

The question Brown [27] asked 30 years ago, “Who will feed China?”, is now inverting
to a different question. This paper reexamined the TFR recovery assumption embedded
in UN WPP 2024’s bayesTFR and constructed a six-scenario framework based on the
“empirical-base £ empirical-offset” methodology anchored at the 2023 official TFR of 1.01.
For food security discussion, we narrowed the population to three scenarios (P1 low,
P2 medium, and P3 policy target) and set three scenarios each for demand and supply
(D-L/D-M/D-H, S-O/S-M/S-P), conducting a 3 x 3 x 3=27-scenario integrated analysis.
The main findings are as follows:

(a) Establishment of empirical population baseline: under the medium P2 (status quo)
based on the 2023 official TFR, the 2100 population becomes 460 million (68% decline
from 2020). Together with low P1 (Korean type, 320 million) and policy target P3
(700 million), the TFR range 0.75-1.31 falls completely within the East Asian empirical
range. This is in complete agreement with the independent projection of SWUFE [22].

(b) Surplus emergence across all 27 scenarios: all 27 scenarios achieve surplus by 2100,
with the worst case (P3 x D-H x S-P, 700 million population x EU + « type X pes-
simistic climate) retaining 0.265 Gt surplus. The best case (P1 x D-L x S-O) is 0.992 Gt
surplus, the empirical baseline (P2 x D-M x S-O) is 0.841 Gt. The U.S.-type full emula-
tion (D-X = 1100 kg/person/year), examined as a supplementary stress test, maintains
surplus in 9/9 scenarios. The tornado sensitivity analysis (Section 3.6) confirms that
even the worst characteristic-deviation combination of supply parameters preserves
surplus. Long-term food security is robust even under extreme premises.

() Medium-term risk persistence: from 2030 to 2050, the medium term overlaps with
the demand expansion phase before population decline progresses, with the worst
case reaching 24% import dependency in 2030 and 26% in 2050. Rapid transition
to surplus occurs after 2075. While medium-term import-dependency management
must continue, the long-term policy paradigm will shift from “shortage management”

to “surplus utilization.”

As policy implications, China’s food security challenge centers on medium-term im-
port dependency management and the policy transition to a surplus era, rather than on
long-term absolute shortage. The short term (2025-30) prioritizes qualitative expansion
of strategic reserves and diversification of import partners (dispersion of 70% Brazilian
soybean dependency). The medium term (2030-50) faces challenges of stable feed grain
procurement, meat consumption moderation, and gradual diffusion of alternative protein
sources. In the long term (2050-2100), accumulated effects of population decline and pro-
duction improvement transition to a surplus era, and China converts from a net importer
to a surplus-utilizing nation. However, complete conversion to net exporter faces four
obstacles (commodity imbalance especially in soybean, international competitiveness, do-
mestic politics, and geopolitical risks), so the practical pathway centers on strategic reserve
expansion, humanitarian aid, and international cooperation (Belt and Road agricultural
cooperation, ASEAN + 3 emergency rice reserves).

Future research challenges include the following: integration with Al technology
and climate change scenarios; refinement of commodity-level supply-demand analysis
with dynamic models for rice, wheat, maize, and soybean; explicit modeling of water
resources and climate, including North China Plain groundwater dynamics and IPCC cli-
mate scenario-specific yield impacts; and dynamic modeling of dietary patterns, including
calorie-based and nutrient-specific evaluation.
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