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Abstract : Since the Paris Agreement and the surge in global interest in climate change, the importance of measuring and managing
national-level resource productivity has steadily grown. However, concerns about the reliability of productivity indicators persist
due to inherent uncertainties. This study estimated the metal and non-metal resource productivities of 38 OECD countries through
multiple regression analysis and conducted a comparative analysis of their ranking changes according to their current resource
productivities. The study results revealed that the 38 OECD countries could be classified into four categories. First, countries
with low overall resource productivities due to a high economic dependence on low-value metal resources by weight exhibited
a substantial rise in their non-metal resource productivity rankings. Second, countries that have minimal metal industries in their
national economies but generate high value-added from these sectors showed a notable increase in their metal resource productivity
rankings. Third, countries with a low proportion of metal industry in their economies and low metal resource productivities
experienced significant declines in their metal resource productivity rankings. Fourth, countries with a small disparity between their
metal and non-metal resource productivities showed minimal changes in their rankings for both categories. These results highlight
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that changes in metal resource productivity rankings were more pronounced than those for non-metal resources, which implies that
the influence of non-metal resources (biomass, fossil fuels, non-metallic minerals) dominates national-level resource productivity
because their economic value is higher than metal resources. These findings suggest that it is necessary to manage the economic
value of each resource type as distinct statistical data to provide a more nuanced understanding of national resource productivity.

Keywords : Resource productivity, Gross Domestic Product (GDP), Domestic Material Consumption (DMC), Multiple regression

analysis, Value-added from metal/non-metal resources
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(material consumption per capita, MCpc) SAA=Z[12]°] T2
™ 20199 715 U= 19.7 ton & OECD 3870 5 14
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07 2 Y& MCpe= 11.0 ton = OECD 387l & 309
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Table 1. Material consumption per capita and Resource productivity ranking of OECD countries (as of 2019)

OECD B4+ 2,382.0 USD/tonT} B] W3}
wf 2/3 £+ 92 OECD 3871= & 21¥A 0] dgal=
] A4 o] kil Btk ol=
ABatdo] 7V &

o I 1o

A B2k Ao el oj:

Material consumption

Resource productivity

Countries (per capita, ton) Ranking Countries (USD/ton) Ranking
Canada 56.8 1 Switzerland 7,848.7 1
Chile 52.6 2 Netherlands 6,071.8 2
Australia 40.3 3 United Kingdom 5,133.2 3
Finland 31.4 4 Luxembourg 5,066.2 4
Norway 31.3 5 Italy 4,000.6 5
New Zealand 29.4 6 Japan 3,682.1 6
Estonia 28.4 7 Iceland 3,622.7 7
Sweden 25.2 8 France 3,555.7 8
Denmark 24.5 9 Belgium 3,377.1 9
Ireland 244 10 Ireland 3,3244 10
United States 23.6 11 Germany 3,282.7 11
Luxembourg 22.2 12 Spain 3,138.1 12
Israel 21.4 13 United States 2,735.7 13
Korea 19.7 14 Austria 2,657.0 14
Lithuania 19.4 15 Norway 2,445.6 15
Iceland 18.9 16 Denmark 2,428.6 16
Austria 18.8 17 Israel 2,082.5 17
Poland 17.6 18 Sweden 2,064.5 18
Portugal 16.3 19 Slovenia 1,907.0 19
Hungary 16.3 20 Greece 1,652.2 20
Czech Republic 15.9 21 Korea 1,618.2 21
Latvia 14.8 22 Slovak Republic 1,607.9 22
Germany 14.3 23 Finland 1,548.7 23
Belgium 13.8 24 Czech Republic 1,487.3 24
Slovenia 13.6 25 New Zealand 1,447.6 25
Slovak Republic 12.1 26 Portugal 1,428.6 26
Greece 11.6 27 Australia 1,346.3 27
Mexico 114 28 Costa Rica 1,310.2 28
France 11.3 29 Latvia 1,212.6 29
Japan 11.0 30 Hungary 1,029.9 30
Turkiye 10.7 31 Lithuania 1,012.3 31
Switzerland 10.7 32 Mexico 891.2 32
Costa Rica 9.7 33 Poland 880.6 33
Spain 9.4 34 Turkiye 856.7 34
Netherlands 8.6 35 Colombia 843.1 35
Italy 8.4 36 Estonia 825.7 36
United Kingdom 8.3 37 Canada 817.0 37
Colombia 7.9 38 Chile 277.3 38
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2 S3jolt}. o]ojA YEHEE 6,071.8 USD/ton, F=
5,133.2 USD/tonO.2 AFQAAMg o] 71 &0 =27} 2, 39
Uebgth 9E-2 3,682.1 USD/tonC & OECD 3871 % 6
AR ol siFstet. ol Seuetet BlastlS o oF 2ujf
St AHAAEEF tie] F7H7HA] AEEoloh

ALY A o] 71 B2 w7k A E Bt 277.3 USD/ton
o] &9 A AHEF B FUPHAE ZESHah ol A9
9] 1730 s==oltt. o] o]o] itttz 817.0 USD/ton, 2
EUo}7} 825.7 USD/ton 2 & WEFGTH(Table 1).
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i8] FEE= FrP b 2 Zol7t A HolEth 1Y
I AP e @ A4S A7 A Al B
38E ok FHS17] 9ot AY SFE BAEE ALES)H
of JdiAQl Hwrt BRHE AlARRTE &, GDP/DMCE =
7} 2t A RARBAVYE v WS AgolA 77 AR W
2 2ol gt FAAR] QETt AU AYPOoZHE S B
7R FETo] R AT HIFo] =2 A7 A= &
S 4HY HPEQl Wk, Ahdol tigk AAH LTt EAY A
HIAYO R thiE|= 32 4HY BFo| 2 J71=2 {25t
Al B7¥ =7} itk Aol

Ao g, EAFEZH9} F27]99 MCpet AHHAFAH
7+ Zpol= =7HE AHBAM A HELF MCpe?] M & ©H0
& HolFE= dojtt.

SEAFZ 9] MCper 22.2 ton2. & 27|99 MCpc HH]
oF 2ul} 7hef Wt AU A ERF SAIRE T+ 5,066.2
USD/ton?] ¥7171AE H&Esh= A2 UEon o= F
27]do] Bls oF 6vll 7tF =t ol FE7| T 28] 7}
= MCpeZt B2 SAIREFNA 771X E3F ovlf 7hF &
2 U AEcte AR AT 5= Utk &, HAREY AHE:
e AP oZ Aol @2 3af A Q] AAF H|Fo] oF
90%°ll @ot= SAFEA9 A 109 At AEAHEFo]
Fl27]9]9] 28) o] Folle E+total AHLAAHEF HiH] 717t
A FEZ 68l 7+ o] Fojllth= Z o] th(Table 1).
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A L3 (European Commission, EC)Q] =71'H Y& 57}
A& 98 =+ (Input data country raw material equivalents tool,
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Ebgth. ojgEore] < GDPE 1,295.5% USDE o|g&|ot
9] =7} GDPQI 22 USD9] OF 6.4%0] dfFot= A= et
ok s, ojghEjote] F4 DMCE 1,400Y tonO &2 =7}f
DMCS! 59 ton9] oF 2.8%E AA|ot= AL 2 YERTh A
A AL F 24549 £ B& U8 GDP F 55025 EH
LA B77HA] A& v &R AT 39 olggols 85
O 2HE 131.3%pY =2 RV FEES Btk o]ojA
SE2H Yo7t 128.6%p, 2871017} 108.6%p2] F7F7HA]
FEERE FH9Y 771 SoAs 42 2, 3912 YEHT
(Table 2).

U, A 27 25 BUF UE 25AE e
ERE BIHA] FEEC] 7MY B2 A7F= F7HE S 3
7}e]9] &4 GDPL: 237 USDE =7} GDPS! 1,6002] USD
9] 9k 0.01%°] siggtct. ¥, P71 F<4 DMC= 3005t
ton® 2 =7} DMCQ! 1.6 ton2] F 1.9%0°f shgstch. AA|
A & 54 FY HE Y] GDP F 5225 E WA
gt BIWHA] A& BlEE ALT FS FrtEe 545225
—99.3%p2] Wi F2 BIPHA] FEES It olojA] A4
dlo] —98.2%p, EEFF —97.0%p2] 7R FEER o1 2,
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Table 2. Comparison of value-added rates from metal resources compared to metal resources input in European union countries (as of

2019)
Total value- Metal Value-added
GDP aZ dae dV?rcl)lil DMC DI:/IZ :;::; ?m; Ratio of metal Ratio of
Countries (million US (million . resources value-added | Ranking
dollars) metal resources fon) (million | metal resources input to DMC | rates to input
(million US dollars) fon) to GDP P P
Italy 2,011,302.8 129,547.3 502.8 14.0 6.4% 2.8% 131.3% 1
Slovenia 54,331.6 2,614.6 28.5 0.6 4.8% 2.1% 128.6% 2
Slovakia 105,720.4 8,726.2 65.7 2.6 8.3% 4.0% 108.6% 3
Austria 444,621.3 35,787.0 167.3 8.4 8.0% 5.0% 60.3% 4
Germany 3,888,227.2 193,769.2 1,184.5 39.0 5.0% 3.3% 51.4% 5
Latvia 34,343.9 143.2 28.3 0.1 0.4% 0.4% 18.0% 6
Greece 205,257.1 10,821.1 124.2 5.6 5.3% 4.5% 16.9% 7
Belgium 535,865.8 41,112.7 158.7 11.4 7.7% 7.2% 6.8% 8
France 2,728,871.0 54,933.7 767.5 19.2 2.0% 2.5% —19.5% 9
Estonia 31,081.9 148.1 37.6 0.3 0.5% 0.8% —40.3% 10
Romania 251,017.8 2,032.1 533.5 7.7 0.8% 1.4% —43.9% 11
Spain 1,394,320.5 59,128.5 4443 339 4.2% 7.6% —44.4% 12
Portugal 239,987.0 5,828.5 168.0 11.1 2.4% 6.6% —63.2% 13
Bulgaria 68,913.8 5,622.6 145.7 33.8 8.2% 23.2% —64.8% 14
Finland 268,515.0 14,704.7 173.4 28.1 5.5% 16.2% —66.2% 15
Croatia 61,329.3 336.6 433 0.9 0.5% 2.1% —73.6% 16
Poland 596,058.5 6,246.7 676.9 349 1.0% 5.2% —79.7% 17
Netherlands 910,194.6 9,585.6 149.9 7.9 1.1% 5.3% —80.0% 18
Lithuania 54,760.7 75.6 54.1 0.5 0.1% 0.9% —85.1% 19
Denmark 346,498.7 314.6 142.7 1.0 0.1% 0.7% —87.0% 20
Ireland 399,321.8 2,173.5 120.4 6.7 0.5% 5.6% —90.2% 21
Czechia 252,548.2 587.1 169.8 4.5 0.2% 2.7% —91.2% 22
Luxembourg 69,825.7 353.0 13.8 1.0 0.5% 7.2% —93.0% 23
Cyprus 25,759.0 94.0 16.5 1.0 0.4% 6.1% —94.0% 24
Malta 15,725.4 8.1 5.9 0.1 0.1% 1.7% —97.0% 25
Sweden 533,879.5 2,341.4 258.6 63.1 0.4% 24.4% —98.2% 26
Hungary 164,020.5 20.6 159.3 3.0 0.0% 1.9% —99.3% 27

3910] 9121 9ek.

ot AFTHE FEAUY 7H) E £4, Ex 71F 7149
TES} Aolo] ueba] FEEE HI71N Y ol bz W
A7k oS 2 A2 GHOE HojFE djo]et.

FYAY HEY FE54Y £ B u FHoavH
o $IH) HE vl els RAHAEE)S 2Rt b
B v F7} 7 WAL 6% 25 BelAlth. RAIRES
o] 60%S e FHEL oo}, LRH| o}, LTu}]
of, 91Eote] 47 F7tolm, 60% wlk, 0% ol 4] ke
o 5, grevjel, Jeis, Wolle) 4 Hh 277 %71 %
S F7RolAEE F4Ue] £ Bl HE FEEE B}
719 o] ¥ 2 R0 vtehgeh. LY, o AEol, 2o
of, 23|919] 9 R FEE ~50% o1, 0% w]gto]%]

ow YR 147] Z7}9] AL F&/E 7171 —50% n]gko.
2, FE 02 HE ] KA FEo] i @F2 F o2 et
S Th(Table 2).

ol9} 2 F& A £ 419 DMC d142 A-U9] Hrf
Aol 744, &4 9 Y &8 183 71 7]&0] Aol 1
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S RAAR ] WA A ARRE, 34 A9 Bol

L s gdon 34 A9 A7 es s
BT R0l W 2HEE ARl k. o)k, %S
AEoR @ o 34 AU uloloula, ulds PR A
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2748 FEAAoRRH FEH M ¥E(ols
GDP,,)3 B2 £ ¥IB(I5E DMC,y), % oHA) 23]
g 22 41 o A] L] BIE I3 £, e LAEA

A0z A A7 e Aol glol A FF ul S S Ak Spearman FTALE FHAY vl A9
A2 5 = FI7HR 9] AETF TS ATd o2 Aot 0.556°.% 2743t QF2] AT (moderate positive correlation)
T W UIEE AU ABAT WA ABE L WAR B 27 A oM 2w W) A9 084302 7 k] 4

o
B F&d 57171 B4 °1st Gbp,, GDP,,)7t a3ttt
T34, OECD Stat.o]A+= sid &AE Aastal IA| got
OECD =759 AH|AARE T R7P7HA] A& 1t dAES
A w7 ol Aol

B WIS W3l 2 A7) 420] 2 7o) T
St SAAE = eurostat®] RME Toolo] 5% SBS SAA=
2} Aol A Z] 7] 7 (International Energy Agency, IEA)S] F-&
¥ oA & AH|FK(Total final consumption by sector, TFC)
SAAZ[1417F 9T, TFC 2k&22] 73-¢-, OECD 3874=12] =
2727t £5F01gloY, SBS BAAR = AT =7 9
OECD %759 Atz FFE0IIA] gt waha] 2 Aol
A= OECD 38709 GDP,, GDP,, AH3L A 0= [EAQ)
TFC BAIAES} eurostat®] RME SBS SAIAEE &85t
GDP,, GDP,,& AHd5t= S| AR G AA S

OECD Z+=9| GDP,, GDP,,, A+ 3|HLF AAE I5to]
FHAY 4=9| GDP,, GDP,,°t 5% R ¥IgE A AN
(°Ist bmcC,, DMC,,) 3t AAEA G 8, DASILA k=
AR /g W 7 Foulet A ASAE HA

TA|(very strong positive correlation)”} &= 202 LERGE
on, FoE E3 BF p < 0.001Z ¥ HATERY =
AA LA ESF BEsithal £ 4= Qlth(Table 3).

oje} T AWIA A AAE AR £ AFA=
OECD 387] #7F&9] GDP,, GDP,, 2 445114} th&3]9
Ag Syttt s ARES YT DMC,,, &} E,, 0
E®S GDP,, & /3501 loH, A H GDP,, o =7HE
GDPE Z-&3}o] OECD 38719 GDP,, GDP,, S AH45l=
FEE A5

GDP,.,, GDP,,.," AH& 95 JARL] 4] L12E=
Equation (1)@} Zt}.

H
o
=

(@)

GDP,y, = (B * DMCrpy) + (Becrs ® Eecrs) + C6op, % (1)

GDP,,, : 5718 ¥4 GDP ¥|Z

DMC,y, : %718 24 DMC ¥1%

Capps T4 FTI7HA A A4

Eyw, » 3718 274 413 o %] 48] W]
Bui: B B HlS BAA S

Bueers : 27 AFQ ol A vl 2 A

Table 3. Result of correlation analysis of metal GDP proportion with metal DMC proportion and energy consumption proportion in

secondary industry

Asymptotic Approximate Approximate
Value i
standards errora Tb significance
Metal/Non-metal proportion
i .556 .074 7.918 <.001
Spearman Org;nal (GDP x DMC) ¢
correlation : Secondary industry proportion
ordinal .843 026 18.507 <.001
(GDP x TFC) ¢
a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.
c. Based on normal approximation.
Table 4. Result of a multiple regression model for presuming metal/non-metal GDP of OECD countries
Unstandardized coefficients Standardized
B Std. Error coefficients beta t Sig.
(Constant) —.064 .006 —10.991 .000
GDP,,, E o5 —.428 .028 .638 15.390 .000
bMmcC,,, —.336 .032 441 —10.631 .000

a. Dependent Variable: GDP from metal input
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Table 5. Estimated metal/non-metal gross domestic product statistics of OECD countries (average of 2017 to 2019)

GDP,,, = (0.336 x

Estimated gross domestic product by metal/non-metal resources (million US dollar)

Countries
Estimated metal GDP (%) Estimated non-metal GDP (%) Total GDP (%)
Australia 266,092.1 18.8% 1,148,148.6 81.2% 1,414,240.6 100.0%
Austria 30,794.6 7.0% 408,163.2 93.0% 438,957.8 100.0%
Belgium 37,964.4 7.2% 489,345.2 92.8% 527,309.7 100.0%
Canada 119,752.9 7.0% 1,586,343.4 93.0% 1,706,096.3 100.0%
Chile 108,933.0 38.4% 174,487.3 61.6% 283,420.3 100.0%
Colombia 19,024.1 5.9% 304,008.2 94.1% 323,032.3 100.0%
Costa Rica 3,932.8 6.3% 58,518.4 93.7% 62,451.2 100.0%
Czech Republic 11,955.2 5.0% 228,104.0 95.0% 240,059.2 100.0%
Denmark 2,798.5 0.8% 342,355.2 99.2% 345,153.7 100.0%
Estonia 176.5 0.6% 29,367.2 99.4% 29,543.7 100.0%
Finland 47,523.6 17.8% 219,100.0 82.2% 266,623.6 100.0%
France 63,653.6 2.4% 2,641,338.6 97.6% 2,704,992.2 100.0%
Germany 215,723.3 5.6% 3,635,448.7 94.4% 3,851,172.0 100.0%
Greece 4,750.5 2.3% 200,966.4 97.7% 205,716.9 100.0%
Hungary 5,764.5 3.7% 150,134.9 96.3% 155,899.4 100.0%
Iceland 4,054.3 16.1% 21,163.3 83.9% 25,217.6 100.0%
Ireland 14,338.2 3.8% 359,473.7 96.2% 373,811.9 100.0%
Israel 6,686.2 1.8% 372,449.6 98.2% 379,135.8 100.0%
Italy 72,915.7 3.6% 1,948,760.8 96.4% 2,021,676.5 100.0%
Japan 439,440.2 8.7% 4,590,463.8 91.3% 5,029,904.0 100.0%
Korea 129,265.8 7.8% 1,537,357.7 92.2% 1,666,623.5 100.0%
Latvia 902.7 2.7% 32,182.8 97.3% 33,085.5 100.0%
Lithuania 515.2 1.0% 51,575.1 99.0% 52,090.2 100.0%
Luxembourg 2,176.2 3.2% 66,669.8 96.8% 68,846.0 100.0%
Mexico 188,802.7 15.5% 1,027,973.0 84.5% 1,216,775.7 100.0%
Netherlands 48,292.2 5.5% 837,743.4 94.5% 886,035.6 100.0%
New Zealand 17,307.5 8.2% 193,204.1 91.8% 210,511.7 100.0%
Norway 29,655.2 7.1% 387,103.6 92.9% 416,758.9 100.0%
Poland 25,822.2 4.5% 544,004.3 95.5% 569,826.5 100.0%
Portugal 18,015.4 7.7% 216,537.2 92.3% 234,552.6 100.0%
Slovak Republic 9,102.6 8.9% 93,396.7 91.1% 102,499.3 100.0%
Slovenia 2,894.7 5.5% 49,471.4 94.5% 52,366.1 100.0%
Spain 87,742.7 6.4% 1,288,679.7 93.6% 1,376,422.4 100.0%
Sweden 87,173.3 16.0% 456,278.0 84.0% 543,451.2 100.0%
Switzerland 19,121.6 2.7% 694,938.3 97.3% 714,060.0 100.0%
Turkiye 71,989.9 9.0% 727,143.4 91.0% 799,133.3 100.0%
United Kingdom 47,966.1 1.7% 2,758,330.0 98.3% 2,806,296.1 100.0%
United States 766,192.0 3.7% 19,697,598.0 96.3% 20,463,790.0 100.0%
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Table 6. Summary of resource productivity ranking changes by metal and non-metal resources
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Current metal resources

Current resource

Current non-metal resources

. productivity productivity productivity
Group Countries Rank Rk
USD/ton Rank Change USD/ton Rank USD/ton Rank Change
@ Switzerland 7,719.8 3 v 2 7,794.0 1 7,796.3 1 -
@ Netherlands 6,276.6 5 v 3 5,704.9 2 5,677.3 2 -
® United Kingdom 3,988.4 10 v 7 5,017.3 3 5,040.5 4 v 1
® Luxembourg 2,301.6 20 Vv | 16 4,984.4 4 5,183.2 3 A 1
@ Ttaly 4,962.0 7 v 2 4,101.4 5 4,075.6 5 -
® Japan 3,788.1 12 v 6 3,612.3 6 3,596.5 6 -
® France 3,172.3 14 v 7 3,522.6 7 3,532.0 7 =
@ Belgium 3,859.6 11 v 3 3,366.9 8 3,336.4 8 -
O] Iceland 4,460.4 8 VAN 3,298.5 9 3,144.0 11 v |2
® Ireland 2,310.7 19 v 9 3,229.4 10 3,281.7 9 A
® Spain 2,769.4 18 v 7 3,167.7 11 3,199.7 10 A 1
) Germany 5,233.5 6 A 6 3,139.0 12 3,066.2 12 -
®@ Norway 6,720.6 4 A 9 2,875.1 13 2,755.3 13 -
@ Austria 3,509.0 13 A 1 2,623.3 14 2,574.4 15 v 1
® United States 1,160.7 29 v | 14 2,605.6 15 2,738.2 14 A 1
@ Denmark 3,142.0 15 A 1 2,444.9 16 2,440.5 16 -
® Sweden 1,487.5 28 A 4 11 2,196.2 17 2,416.2 17 -
® Israel 9,596.2 2 A | 16 2,005.3 18 1,977.3 18 -
®@ Slovenia 4,342.3 9 A | 10 1,828.2 19 1,768.5 20 v 1
® Korea 1,496.2 27 v 7 1,619.3 20 1,630.6 21 v 1
® Greece 821.8 31 v | 10 1,585.1 21 1,620.7 22 v 1
@ Slovak Republic 2,832.9 17 A 5 1,491.0 22 1,426.2 24 v 2
@ Finland 1,507.0 26 v 3 1,471.9 23 1,465.6 23 -
_© [ Awmaia [ eses | 34 [V [w] temo | 2 [ 161 [ w0 [A]s
@ New Zealand 1,578.4 25 - 1,434.2 25 1,422.6 25 -
(@) Czech Republic 3,004.6 16 A | 10 1,427.0 26 1,389.4 26 -
@ Portugal 1,634.3 24 A 3 1,403.6 27 1,387.3 27 -
@ Costa Rica 793.9 32 v 4 1,262.7 28 1,314.7 28 -
®@ Latvia 10,245.7 1 A | 28 1,202.5 29 1,174.0 30 v 1
@ Hungary 1,864.7 22 A 8 1,049.0 30 1,031.9 31 v 1
@ Lithuania 1,939.7 21 A | 10 1,000.6 31 996.8 33 v 2
©) Colombia 1,675.6 23 A 9 895.4 32 870.1 34 v 2
@ Mexico 482.2 37 v 4 8753 33 1,029.9 32 A 1
@ Poland 661.7 35 v 1 826.6 34 836.7 36 v 2
@ Turkiye 1,119.7 30 A 5 811.7 35 791.1 37 v 2
) Canada 543.4 36 - 810.1 36 841.3 35 A 1
Estonia 730.0 741.9 742.3 v 1

®
>
~
A
®
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Figure 1. Relationship diagram of resource productivity ranking changes.
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