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ABSTRACT

This paper examines how supply chain structure shapes adjustment in lithium trade, focusing on prices, import quantities,

and sourcing patterns. The analysis evaluates whether lithium imports adjust to short-run market signals or are primarily

constrained by existing supply chain structures. To address this question, the paper adopts a two-step empirical strategy. First,

the paper employs a vector error correction model (VECM) to analyze aggregate lithium imports. This approach evaluates

whether short-term movements in prices and exchange rates lead to quantity adjustments that restore long-run equilibrium

relationships. Second, a structural gravity model is used to examine how adjustment operates in bilateral trade across countries,

products, and supplier relationships. This framework allows the analysis to assess the role

of supply chain concentration,

dependence on specific supplier countries, and supplier-side institutional quality in shaping trade flows. The empirical results

indicate that lithium imports exhibit limited responsiveness to short-term price and exchange rate shocks. Instead, trade flows

are largely determined by structural factors, including technological necessity, persistence in established supplier relationships,

and reliance on a small number of major suppliers. Gravity estimates further show that supply

chain concentration and supplier

institutional quality significantly affect trade volumes, with heterogeneous effects across lithium products and importing

country groups. These findings imply that effective critical mineral policy should prioritize supply chain resilience and

industrial security, taking into account product-specific characteristics, value chain stages, and

supplier-side institutional risks.

Key words : Critical Minerals, Lithium Trade, Supply Chain Structure, Trade Adjustment
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Source: UNCTAD (2023).

Note: Each stage is constructed by aggregating trade data at the HS 6-digit level corresponding to the lithium value chain: Extraction (HS
253090, 283691); Processing (HS 282520, 282739, 282690, 282619); Manufacturing of battery materials and components (HS 284290, 284169,
382499, 850790, 850760); and End users (HS 870240, 870360, 870370, 870380).

Fig. 1. Shares of lithium trade by stage and country in the global lithium-based EV value chain, 2022 (%)
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Table 1. Key characteristics of lithium oxide and hydroxide and lithium carbonate

Category

Lithium oxide and hydroxide (Li,O - LiOH)

Lithium carbonate (Li,CO3)

Primary feedstock

and production

Hard-rock (ore/spodumene) resources. Produced via

Brine resources. Produced in South American salt lakes

high-temperature processing after mining, or via additional | (e.g., Chile) via natural evaporation followed by

route conversion of lithium carbonate. chemical precipitation.

Main battery High-nickel ternary batteries (e.g., NMC811, NCA), LFP batteries, small consumer electronics/IT batteries,

applications high-performance EV batteries low- to mid-nickel ternary batteries (e.g., NMC622)

Industrial . . . Medium/low energy-density batteries, small electronic
L. High energy-density batteries, long-range EVs .

applications devices

Supply-chain and

logistics risks

Reactive to moisture; long-distance transport is challenging.

Very high dependence on China in refining/processing.

Chemically stable; suitable for long-distance sea
transport. Can be imported directly from South

America.

Environmental

5-7 times higher carbon emissions than lithium carbonate

due to ore crushing and high-temperature heating (often

Lower energy consumption due to natural evaporation

impacts . using solar energy.

using coal).
Water-use Higher freshwater consumption in ore processing than High use of brine and groundwater, raising concerns
characteristics brine-based production. about water depletion in arid regions.

Source: Authors’ compilation based on Gielen and Lyons (2022), Kelly et al. (2021), and Lee et al. (2023).
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Fig. 2. Korea’s lithium import structure and supply—chain concentration, 1990-2024
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Table 2. VECM estimates for lithium import quantities: Short-run dynamics and adjustment coefficients

Variabl Model (1) Lithium oxide and hydroxide Model (2) Lithium carbonate
ariable
(41n_Qchina) (41n_Qcpite)
-0.221%** -0.940%***
ECT1
(0.071) (0.286)
Adjustment coefficients
0.398 -0.135%**
ECT2
(0.375) (0.031)
, 0.157 0.501***
Aln_Qq.n
(0.196) (0.162)
-1.219 0.592*
A lnﬁEXC(H,
(1.256) (0.334)
. 0.759* -0.172
Short-run dynamics Aln_P_CNy
(0.413) (0.144)
-1.527%** -0.260*
A lniPiROW(‘_l,
(0.558) (0.147)
0.177
yi| IH_P_CHL(t_l) -
(0.249)
Exogenous variables Dummy variables® Not statistically significant Not statistically significant
Observations 27 27

Note 1: 4ln_Q(t-1) denotes the lagged growth of the dependent import quantity: in Model (1), China’s export quantity to Korea (lithium oxide
and hydroxide); in Model (2), Chile’s export quantity to Korea (lithium carbonate).

Note 2: Exogenous dummy variables correspond to (i) China’s EV subsidy reduction policy, (ii) the lithium price boom period, (iii) the
COVID-19 pandemic, and (iv) the Russia—Ukraine war.

Note 3: Due to limitations in data availability, the degrees of freedom in the VECM analysis are constrained. This limitation may affect the
statistical significance of the estimated coefficients; however, the directional signs of the coefficients estimated in this study are consistent with
the characteristics of the lithium market and actual procurement structures, thereby supporting the validity of the interpretation of the empirical
results.

Significance: ***, ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
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Fig. 4. Impulse response functions for Korea’s import quantity of lithium
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Table 3. Gravity-model estimates for lithium trade: Supply—chain concentration (HHI) and vulnerability (SCNV)

Pooled sample Lithium oxide and hydroxide Lithium carbonate
) @ 3 (C)) O] (6 O] ® ©
Variables Import Unit import Import Import Unit import Import Import Unit import
Import value . . . . . .
quantity price value quantity price value quantity price
HHI 2.525%** 1.702* -0.273 5.307%** 4.662%** 0.056 0.445 0.586 -0.118
(0.811) (0.868) (0.242) (0.629) (0.730) (0.410) (0.917) (0.819) (0.235)
SCNV 2.339%** 1.970%** -0.698*** 0.177 0.791 -0.830%** 3.036%** 2.162%** -0.633%**
(0.498) (0.465) (0.107) (0.942) (0.500) (0.190) (0.734) (0.636) (0.132)
0.124 0.260 -0.192%** -0.480* -0.397 -0.301%** 0.448%** 0.541%** -0.101*
Importer GDP
(0.216) (0.159) (0.059) (0.290) (0.271) (0.093) (0.151) (0.180) (0.061)
0.176 0.009 -0.019 0.775%* 0.785%** -0.068 -0.090 -0.184* 0.004
Exporter GDP
(0.160) (0.119) (0.032) (0.370) (0.311) (0.061) (0.127) (0.096) (0.037)
Dist -0.025 0.197 0.067 -0.674%** -0.610%* 0.116* 0.498 0.749** 0.036
istance
(0.261) (0.193) (0.043) (0.209) (0.256) (0.070) (0.354) (0.340) (0.036)
o -1.170 -0.897 -0.125 0.433 0.765 -0.089 -0.707 -0.409 -0.200
Contiguity
(0.885) (0.640) (0.115) (0.722) (0.818) (0.213) (0.947) (0.808) (0.164)
Common -1.789%* -1.272%* 0.203* -1.859%* -1.167 0.161 -1.583* -1.366* 0.230*
language (0.754) (0.588) (0.110) (0.836) (0.836) (0.173) (0.905) (0.796) (0.130)
Colonial -2.672%%* -2.535%%* 0.148 -3.876%** | .3.833%** 0.257 -1.280* -1.387%* 0.083
relationship (0.886) (0.723) (0.135) (0.603) (0.645) (0.234) (0.741) (0.679) (0.120)
Common -8.478 -1.183 -0.544%* -13.895% -3.301 -0.402 -3.279* 0.051 -0.492*
religion (5.468) (1.529) (0.264) (7.981) (2.680) (0.476) (1.876) (1.268) (0.272)
FTA 1.119 0.481 -0.085 0.524 0.120 -0.403* 0.424 0.321 0.167
(0.792) (0.523) (0.114) (0.647) (0.716) (0.204) (0.443) (0.232) (0.124)
-0.002 -0.000 -0.000%* -0.001* -0.001* 0.000 -0.001%* -0.001** -0.000%*
Exchange rate
(0.002) (0.000) (0.000) (0.001) (0.001) (0.000) (0.001) (0.000) (0.000)
Constant 7.985 4516 7.070%** 11.831 6.971 10.392%** 2.341 -2.473 4.431%**
onstan
(6.373) (4.005) (1.733) (14.210) (10.257) (2.924) (5.358) (5.814) (1.727)
Obs. 2,420 2,416 2,409 1,097 1,096 1,094 1,323 1,320 1,315
Fixed effects Product and Year Year
Cluster Importer-Exporter pair
(Pseudo) R? 0.595 0.468 0.231 ‘ 0.760 ‘ 0.582 ‘ 0.188 ‘ 0.809 ‘ 0.696 ‘ 0.296

Note 1: *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.
Note 2: PPML coefficients can be interpreted as proportional changes in the dependent variable associated with a one-unit change in the

explanatory variable, calculated as (® —1) x 100%.
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Table 4. Gravity-model estimates with Korea—-Japan interaction terms

uln

Variables (1) Import value (2) Import quantity (3) Unit import price
1.342%* 0.784 -0.287
HHI
(0.648) (0.873) (0.246)
KOR-JPN 1.494 1.299% 0.225
(Dummy) (0.963) (0.680) (0.383)
2.381* 0.979 -0.197
HHI x KOR-JPN
(1.291) (1.293) (0.566)
4.010%** 2.692%** -0.699%**
SCNV
(0.816) (0.900) (0.147)
-2.397** -1.012 -0.003
SCNV x KOR-JPN
(1.003) (0.887) (0.210)
0.940%*** 0.731%** -0.166%*
Importer GDP
(0.340) (0.192) (0.073)
0.111 -0.001 -0.017
Exporter GDP
(0.117) (0.103) (0.033)
. -0.307 0.016 0.058
Distance
(0.239) (0.228) (0.044)
o -0.544 -0.687 -0.138
Contiguity
(0.905) (0.666) (0.117)
-1.037 -0.988 0.217*
Common language
(0.873) (0.612) (0.115)
. . . -3.682%** -3.264%** 0.104
Colonial relationship
(0.642) (0.817) (0.151)
. -6.826* -0.220 -0.480
Common religion
(3.569) (2.063) (0.291)
0.713 0.328 -0.083
FTA
(0.655) (0.465) (0.115)
-0.001 -0.000 -0.000*
Exchange rate
(0.001) (0.000) (0.000)
-10.024 -5.132 6.474%**
Constant
(9.460) (4.842) (2.048)
Obs. 2,420 2,416 2,409
Fixed effects Product and Year
Cluster Importer-Exporter pair
(Pseudo) R? 0.661 0.518 0.232

Note 1: *** ** and * denote statistical significance at the 1%, 5%, and 10% levels, respectively.

Note 2: PPML coefficients can be interpreted as proportional changes in the dependent variable associated with a one-unit change in the

explanatory variable, calculated as (¢® —1) x 100%.
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Table A1. Unit root tests
: . . Order of
Variable Level ADF Level KPSS Diff ADF Diff KPSS . .
integration
In P CN -1.156 0.754%%* -1.472 0.228 1(1)
Model (1):
odel (1) In_P_ROW 0.866 0,758 433455 0.224 1(1)
Lithium oxide
. In_ Q CN 0.79 0.786%*** -6.285%** 0.500%* 1(1)
and hydroxide
In_EXC 0.499 0.226 -3.442%** 0.167 1(1)
In_P_CHL 0.804 0.749%** -2.222 0.377* 1(1)
Model (2): In P CN 1.295 0.672%* 3.807%%* 0302 1(1)
Lithium In_P_ ROW -0.441 0.714%%% 3,985k 0.189 1(1)
carbonate In Q CHL 0.774 0.774%%% 1911 0.166 I(1)
In EXC 0.499 0.226 -3.442%** 0.167 I(1)
a9 AR A, 4R W9 H A F ADF A Table A3. Johansen cointegration test
ollAl &Rl AF7Hdol BEs] 71AEA djton, | 1 5%
KPSS AR 348 B4 dys £33 2E HSE Model | Commodi N . re.lce. critical | Decision
{=ae) o = () T— ty
hypothesis | Statistic
I (Hhe=z o= value
r=20 71.59 47.855 Reject
. < .
Table A2. Lag order selection Lithium =1 | 37192 | 29796 | Reject
Model . Fail to
oxide and r<2 12.2 15.494 )
Model | Commodity |  Lag AIC BIC HQIC () hydroxide reject
<3 | 2086 | 3sa | P
e R ; R r < . .
Model Lithium 0 7.9 7.71 7.85 reject
1 _ _ * _ *
) oxide and 1 12.1 11.14 11.82 =0 393 69.819 Reject
hydroxide - * - -
yarox 2 12.10 10.36 1.6 r< 1 | 5029 | 47.855 | Reject
Model Lithium 0 -11.58 -11.33 -11.51 Model Lithium Fail to
1 -16.32 _14.87% _15.91% r<?2 23.297 | 29.796 .
) carbonate ; ’ . ) carbonate reject
2 -16.63* -13.96 -15.86 Fail to
Note: * indicates the minimum value under each information r=<3 5.054 15.494 reject
criterion (AIC, BIC, HQIC)
. . F HEoA BE AFRMEd r=0 L r < 19] Hi3t
VAR 73 418 G BIC HOICE M 18, AICE Lo o coel e st
T isti 2 5
/\]X]— 2_§_ 7]—7]— X‘"/\]o]—oﬂ o]/‘l. E]_Tj[‘ za o EH ?_ H]—Og ace atistic o T ‘r‘T’__‘ = %I\E

3} 23} A7 BAIS Gsti] 99 AIC 7o) ufet
= HE BT VAR ()2 AT

WSS 2] B7149 29 BAVE 2AEREA) 8
A5t7] 9IS Johansen FHE AHL AASFT
(Johansen, 1988). A& Z1}, Model 137} Model 2 2§ X
SolH WS 710 BAE WAL AR Ao e

et
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Table A4. Model specification selection

Model Specification Log-likelihood LR statistic df Conclusion

ct (Intercept + trend) 92.206 - - Baseline

Model (1)

ci (Intercept only) 126.707 69.002 1 Choose ci

ct (Intercept + trend) 47.448 - - Baseline

Model (2) - -

ci (Intercept only) 55.295 15.696 1 Choose ci

Note: The LR statistic is the likelihood ratio test of restrictions in

5 Yol BE $% ¥4 7129 VAR 2FolA
4 AR 22 AEHYODR, A WSS A8
VECM 2.39] A2Kp-1)y= 12 A48tect B3, LR 4
3 A% § 2l DR FAFLe BAHOE S84
ore Aoz Ueht 45t RYSH: o SHE 2ol
Haet Aoa wekE g,

Table A5. LM test (model validity check)

Model Test statistic | Critical value (5%) p-value
Model (1) 5.959 26.3 0.989
Model (2) 21.04 37.65 0.69

VECM 3 el 4E B 99 25 A
Aol e LM AAS AAISHATh 4% A3k Model 1
3 Model 2 BEOIA Z3} A7) 4Tho] 245 @
L AR 5% Fol5zolq 7178t 2ol o
ol mel, 24 VECM RFe BAH0R HgHel 5
= Zo] FlE gl

B. 33Y UBEY FoM whel o

/\?:];'Lo] /\/\9,] 1:1.._,‘11_01] qu]_
UEAE UEH= ARE, &
Z|4>(Herfindahl-Hirschman
Index, HHN)S &85} =43t HHIE= AEZH 02 A
o o AEERE AT, Fo B4
oL 54 Bo] 4¢] 2} Adeo] P Anht
pis— l—‘%— UrE‘rIHL +3Y A=Y AuE g

HIS b8t go] maEr

HHL, = Z(Dependencyiﬂ)z (10)
.

A7\ Dependency;= A= i7F A& to] 35= j&

the ci specification relative to the ct specification.

FE et Fl59 HESS uieity. HHI g5 03} 1 A}
°]9] g2 7HAH, Fho] 25 o] 449 FdF=ol A
FHo| A2 Uittt & 0], @Y I7tRRE AT
£ $YUSHs A4S HHIE 19] S@ete, ool Zgaoz
FE #55H sUshks 4% HHI= 00 7I7heiAi.
ot ;S%E‘—‘- 3o LxA FHokHL U=
L B4 BFFOIAY AL A, 52 §
A, AHEHA 54 Sol WAE A9 U 29

TE%  #A  WHS5(Supply  Chain Network
Vulnerability, SCNV)+= &4 g0 qM Q] ol& L
2o} o B0 A=A AL AU 4BHE W
42 AHojakny. ol Bed of F7lo] Auh} oz}
LAZ Yo, of| ALH BAL 744 o] oEatn
SIe7bt 2o} 240] AL Qe e Sig 2
o4 EQEYEE. SCNVE Tt 2o] EEErh

SCNV;

it = Dependency;;

i X Regulatory@ualit!/ﬂ (11)

AA7|A Dependencyji= U= i7F Ak to]] 5= /=
E At g5 Hser, 54 3= it +4d
ozEg e World
Governance Indicators (WGI) (World Bank, 2025b)°f 4]
ATt FF7 ;79 A FA = (Regulatory
Quili) A2, 42l 4 4P 52, 33 A2 75
4. U7 BEY BEL AN A HE S8 wY
o7 whggich
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http://www.jccr.re.kr



202 z40l - 9

olgA F44H SCNVE Ao g FYARl =710
et 9o 27t 7Y 20| ojudt FFE PIA=AIE
z2kst7] 913t ®grolth wEkA SCNVE| Ag= “aY
ot we FaAEe) AL Aol Rof 550
A 9 24 B0 old Aol 2SR 4
4> QI Nunn (2007)¥} Levchenko (2007)= A|Z % Zo]
SO YT A B 2 o] FRT WL ¢
= Blon, 3g7o] BEREASE A2 A4 A
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2022; Bems et al., 2011).
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