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&7hssttkar Mskar ATHCIA). ARt olehu] o} 7} 262,600 7F 6l
d2 7P BS ARE st e AoE e on HE o]
A et sjue 2 4

.]
g
ok Seuebs Agugael glof Af

o] .
3E2-2> AlA Al = 91(2011)
<=9 =713 w2 (g 7h) <=9 =713 Wl E (g9

1 Saudi Arabia 262,600 21 Malaysia 5,800
2 Venezuela 211,200 22 India 5,682
3 Canada 175,200 23 Norway 5,670
4 Iran 137,000 24 Oman 5,500
5 Iraq 115,000 25 European Union 5,193
6 Kuwait 104,000 26 Sudan 5,000
7 United Arab Emirates 97,800 27 Egypt 4,400
8 Russia 60,000 28 Indonesia 3,990
9 Libya 46,420 29 Australia 3,318
10 Nigeria 37,200 30 Yemen 3,000
11 Kazakhstan 30,000 31 United Kingdom 2,858
12 Qatar 25,380 32 Argentina 2,505
13 United States 20,680 33 Syria 2,500
14 China 14,800 34 Gabon 2,000
15 Brazil 12,860 35 Colombia 1,900
16 Algeria 12,200 36 Congo, Republic of the 1,600
17 Mexico 10,420 37 Mongolia 1,562
18 Angola 9,500 38 Chand 1,500
19 Azerbaijan 7,000 39 Brunei 1,100
20 Ecuador 6,510 101 Korea 0

NGAQ B E e Fa iAo Adrtagt 9
th <E 2-3>& Al AAtAuFEE e dAdzks A A

- 11 - "':lﬂ_-i _kl.':_.l.



ok vz 2 S =7 B E o] e Ae B 5 Qv 20119
g Ak Fe 1863 848000 AWM EH(mM)E A o
U oolux 2nZe gdsine oko @ 504 7097t AT &
= olulA Folet, AN Y Be AANENFFE A SH 2
7he B AloH (442 8%91 AWm )= A AA A7 vl el 1/4
2 AAstn gk Aok W TENANF AAag
A AARTIM AT FEFE FEAUA FUT NG JPYE
AL ek AAR EEA ¥E Y FES eAots} 2
oi} Atole] RA shrphe] WA W] BIE B B
WEAIE Yo ofF FH ArhEE dAole FUERE B
7] A% WAE Fsn Qo Seves Afugde g A
A7bt 509 PVIEE BAeE Y= Ao deA Yk
<E 2-3> AA H"A7rAuiEEE £91(2011)
A4 A
<=9 =713 (g ) <=9 =713 (a7
1 Russia 44,800,000 21 Canada 1,754,000
2 Iran 29,610,000 22 Libya 1,548,000
3 Qatar 25,470,000 23 Netherlands 1,387,000
4 Saudi Arabia 7,807,000 24 Ukraine 1,104,000
5 United States 7,716,000 25 India 1,074,000
6 Turkmenistan 7,504,000 26 Azerbaijan 849,500
7 United Arab Emirates 6,453,000 27 Oman 849,500
8 Nigeria 5,292,000 28 Pakistan 840,200
9 Venezuela 5,065,000 29 China 800,000
10 Algeria 4,502,000 30 Bolivia 750,400
11 Iraq 3,170,000 31 Yemen 478,400
12 Australia 3,115,000 32 Trinidad and Tobago 408,200
13 Indonesia 3,115,000 33 Brunei 390,800
14 Kazakhstan 3,001,000 34 Argentina 378,300
15 Malaysia 2,407,000 35 Colombia 377,000
16 Egypt 2,400,000 36 Brazil 366,400
17 European Union 2,186,000 37 Peru 345,500
18 Norway 2,168,000 38 Mexico 338,800
19 Uzbekistan 1,841,000 39 Thailand 312,200
20 Kuwait 1,798,000 66 Korea 50,000
NUAE = =7 He] AA L T IS Qo o]=
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H 24 (Convexity) S oJd F 719 FAaE%x3to] Ai7bssith
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A W o #EFAE FAERE FHAY F4T HES BT
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B ¥FHA}
.5]__ ]j‘___o o - R
T i (2001-2007) (2001-2007)
B % 85.30 4350
of| U 2] 2} & % 143.70 200.70
TEATE % 78.48 50.97
&7} 4(CP) % 5.25 4.60
E7}252(GDP deflator) % 6.60 5.90
HE 1919 GDP Us$ 10653.64 13905.68
A4 1919 GDP Us$ 8321.16 10801.42
AA374E(GDP growth) % 454 2.16
T TE5E % 78.60 28.23
TS gds 151 2.67 1.34
FE S % 4051 20.64
1919 FEA ton 0.31 0.34
1919 A=A Ak ton 0.40 0.39
1919 o U x| A4k 1000 toe 3.69 8.88
22 World bank, FAO
e o7 ALk 84S FA457] el A Z YR ALk
of JeS vA F Je= HFE AATAL <E 3-2>F +49 A&
H FUE@Y AEEE, A5 AAREEY dyx] AAFEToZ
Lol Ao o] &3FAtt
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=5 (xy)
A (z,) 1. 2 A= (y,)
H| A8 & ()

a3l x

=T Y Fx,)

A1 XSH"’k(ﬂcﬁ)
HA7F=w o (2;)
“%2(908)

A1)

HEo] @ o A (z,,)

Arrd )

o A A A (y,)

O Ol W N O W=

A A At AL EE FYETE BY, EX(r)E AAHEA
(arable land), Thad A 2= 2 vl 4 (permanent crops), &% 4] (permanent
meadows and pastures)H 4 2] & 9wt wF(x,)S A, 44, T
H e ool FAeh: e AA E5dTE st AR AR ()
& A& (Crop) ¥ & A5 (Animal husbandry)ol] &85+ AEFO

AHE~EL] FAE <3 3-3>0 AEE oAt v EAEHz,)S

rl

5 WA vEe S g0l Fui Aol 25N woch

6) Sl FUHE FBE HF A FHol 2% HAL B4 EE bR
Hol Fow AREH + A B AL £ i AKL 98] o8
= YR ol et



<E 3-3> & AREE A

Livestock .
. h f
Land Development (Fixed assets Mac 1pery and StI’l.,ICtUI'GS or
. equipment livestock

and inventory)

Arable Land Cattle and Tractors Animals
buffalo

Permanent crop Sheep Harvesters Poultry(birds)

land

. Milki
Irrigated land Goat r.1g
machines

Plantation crops Pigs Hand tools
Horse
Camels
Mules
Poultry

= 1t EX] 7/l (Land Development) = S{(FZA]) x (47} + (7] EA]) x (B7H)}

+ 20 % ZE(Plantation crops) = (G Z&EoA EX]) x (&7})

F 3 7}=9 & 7}A|(Total value of livestock) = 5 A4S 98] ALg%H= 7=

+ s Fd FAHE 71 = G 7S 9 x G 7FEY] §) x (B
A 7FEo] AbAskE v1& = 0.6245) + A TE FX (G HFe ) x ( /HEY
o] 7))}

F 4 714 2 ¥ (Machinery and equipment) = Z{G& 7174 4Gl thgt 7] A 2]
a47h) + (FE AA FF AF) x v =$35)

A& FAO

B
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>
off
ol
rlr
oM.
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offt
r o
-
)
D)
w
o
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e
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g
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rlr
e
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7) &317] 1kg Akl = 3E Tkg, WA L7] kg Al & 35kg, #Hi7] 1kg
Akl & 2kg vIwko] AH|ETHEFAQ, agribusiness handbook). uwhglA &
ATA S/ AAFES /7 AAS A AMEEE FE A9 HS v gh

8) A, "7t nAAE, A AAANUA Fo] AyA Aol E3E Ao

- 26 - A 2 ]

| &1

1V



<E 34> 284 HUEE AT et AW V=AY
T A
/}J'%k a2 A2k
o] =) =% A 2ol | e
it 170 431,647 12518 0,648 1,277 32,69
7 | Xzt 205 919946 59,766 PB,146 2173 89,99
Al gk 2,232 5,300,000 509,539 576,192 11,778 645560
Ak 2 93] 1 () 7 48
T A
4] Pares] ) 5 Hlo] ¢ ole SIEES
it 11,972 1,507 2012 32412 10615 167 111,333
A | XAk | 252 5306 4343 90,39 30,340 471 269450
A FHdigk 260,000 | 45000 32,000 4256 | 211,66 3400 1640,83
Ak 0 0 1 5 0 0 0
F 1 AT sy dA7tam g e Aue 20119 v S4BT CIAG A St
The World Factbookol| A 2] A& o™ ©9j+= A Fmf4=2 1009 8] = (bbl),
HA7bxvpgse 109 Yol
T+ 20 =59, GDP, oy A=l ©H9 = 247 1,000, 1005 €], 1000toed o] T}
T 3 54 F w5y FE-oF-§7F AakEe] @)= 747} 1,000ha, 1,000%, 1,000ton®]th

9) TOE(Ton of Oil Equivalent): = Aoy *]7] F+(IEA)] A

HES o,
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T B A 2 UAARFES A gk s By ojyet
= oA meA grhn B 5 Aok 28, 7158 2 A ol
7b 22 FAAIF A A g oA bR tE tiH 7F e dhs B
o=t
<3 4-1> 7170E A=A EY 71 SAIA
ARk | o | wead | Aw | AR | g
(Mean) | (Median) | (SD) | Sewes) | Krosis) |~ "
Al 2k
10
Aas 3.3 814 436 0.91 4.26 39
i 143.7 79.8 200.7 3.31 15.14 39
X]—%L‘% . o . o .
<Y 4-1> I} 7E A HAgFE B
Kernel density estimate - Kernel density estimate
uf g

T T T T T
100 150 200 250 0 500 1000 1500

o;
o |
S

NEN2E

Kemel density estimate
Normal density

kernel = epanechnikov, bandwidth = 12.5530

UIEPAPAS=R=+

Kemel density estimate
Normal density

kernel = epanechnikov, bandwidth = 27.0812

2 FA B o A A3 &
F L ASTEEeR 1 Aea 490 AFES o8
F 2 AUALBOR AF FEE AFe ATES AT

8918 F=2A A (principal axis factoring) .= %3¢l

2.9
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<3 4-6> DEA7ZIHl 9 =71 1+ 284 H714%

= CEE] 7% CEE]
=7t CRS | VRS | CRS | VRS =7t CRS | VRS | CRS | VRS
Albania | 0.130 | 0.872 | 0351 | 0559 | Mongolia | 0.153 | 0.940 | 1000 | 1.000
Algeria | 0462 | 0508 | 0.637 | 1000 | Morocco | 0367 | 0388 | 0.041 | 0.065
Argentina | 1.000 | 1000 | 1.000 | 1.000 | Mozambique | 0391 | 0.631 | 1.000 | 1.000
Armenia | 0.177 | 1000 | 1.000 | 1.000 | Namibia | 0428 | 1.000 | 0.140 | 0.849
Australia | 1.000 | 1000 | 1.000 | 1.000 |  Nepal | 0.842 | 1.000 | 0.681 | 0.686
Austria | 0430 | 0538 | 0203 | 0221 | Netherlands | 0872 | 0.873 | 0.682 | 0.682
Bangladesh | 1.000 | 1.000 | 0372 | 0.778 | New Zealand | 0528 | 0.628 | 0.634 | 0.746
Benin | 0439 | 1.000 | 049 | 0682 | Nicaragua | 0210 | 0.751 | 0581 | 0.756
Bolivia | 0432 | 0545 | 0528 | 0529 |  Nigeria | 0832 | 0.980 | 1.000 | 1.000
Brazil | 1.000 | 1000 | 0279 | 0465 | Norway | 0796 | 0797 | 1.000 | 1.000
Brunei | 0.626 | 1000 | 1.000 | 1.000 | Pakistan | 1.000 | 1.000 | 0412 | 0537
Bulgaria | 1.000 | 1.000 | 1000 | 1.000 | Panama | 0227 | 0945 | 0.168 | 0.399
Cambodia | 0.746 | 0958 | 0379 | 0416 | Paraguay | 0603 | 1.000 | 1.000 | 1.000
Cameroon | 0354 | 0539 | 0375 | 0375 Peru 0534 | 0550 | 0145 | 0.166
Canada | 1.000 | 1000 | 1.000 | 1.000 | Philippines | 0752 | 0.761 | 0.195 | 0.235
China | 1.000 | 1.000 | 0719 | 1.000 |  Poland | 0.697 | 0.744 | 1.000 | 1.000
Colombia | 0.095 | 0126 | 0863 | 1.000 | Portugal | 0400 | 0461 | 1.000 | 1.000
Congo | 0216 | 1.000 | 1.000 | 1.000 | South Korea | 1.000 | 1.000 | 1.000 | 1.000
Costarica | 0329 | 0343 | 0398 | 0409 | Romania | 0716 | 0.854 | 0549 | 0.566
Cote divoire | 0199 | 0286 | 0363 | 0381 |  Russia | 1000 | 1.000 | 1.000 | 1.000
Croatia | 0.886 | 1.000 | 0529 | 0.607 | Saudi Arabia | 0.191 | 0.280 | 1.000 | 1.000
Denmark | 1.000 | 1.000 | 0728 | 0740 |  Senegal | 0.192 | 0453 | 0.265 | 0.399
Ecuador | 0342 | 0411 | 1.000 | 1000 | Slovakia | 0508 | 0.814 | 0.841 | 0.900
Egypt | 0820 | 0862 | 0433 | 0474 | Slovenia | 0479 | 0574 | 0.993 | 1.000
Elsalvador | 0237 | 0681 | 0290 | 0319 | South Africa | 0512 | 0524 | 1.000 | 1.000
Estonia | 0369 | 1000 | 1.000 | 1000 |  Spain | 0564 | 0.605 | 0457 | 0512
Finland | 0871 | 1000 | 0.818 | 1000 | SriLanka | 0267 | 0340 | 0.252 | 0.272
France | 1000 | 1000 | 0921 | 0988 | Sweden | 0667 | 0.823 | 0.876 | 1.000
Gabon | 0226 | 1.000 | 1.000 | 1000 | Switzerland | 0290 | 0459 | 0.644 | 0685
Germany | 1.000 | 1.000 | 0653 | 0.745 Syria 0228 | 0340 | 1.000 | 1.000
Ghana | 0346 | 0492 | 0190 | 0248 | Tajikistan | 0.166 | 0.713 | 1.000 | 1.000
Greece | 0259 | 0379 | 0.642 | 0713 | Thailand | 0872 | 0882 | 0.231 | 0.241
Honduras | 0218 | 0491 | 0352 | 0398 Togo 0464 | 1.000 | 1.000 | 1.000
India | 0983 | 0990 | 0347 | 0505 | Triniced tobego | 0378 | 0.817 | 1.000 | 1.000
Indonesia | 0648 | 0664 | 0627 | 1000 | Tunisia | 0265 | 0458 | 0342 | 0.342
Iran | 0360 | 0371 | 0.8% | 0968 | Turkey | 0516 | 0543 | 0.200 | 0.327
Ireland | 0367 | 0432 | 0423 | 0436 |  Ukraine | 1000 | 1.000 | 1.000 | 1.000
Israel | 0568 | 0582 | 1.000 | 1.000 | United Kingchm | 0626 | 0.689 | 1.000 | 1.000
Ttaly | 0.606 | 0659 | 0287 | 0308 | Tanzania | 0373 | 0550 | 0.717 | 1.000
Japan | 0748 | 0892 | 1000 | 1000 | USA | 1.000 | 1.000 | 0937 | 1.000
Kenya | 0319 | 0355 | 0196 | 1.000 | Uruguay | 0450 | 0.803 | 0.209 | 0.330
Libya | 0064 | 1.000 | 1.000 | 1000 | Venezuela | 0256 | 0273 | 0642 | 0674
Malaysia | 0.181 | 0182 | 0514 | 0591 | Vietnam | 0.860 | 1.000 | 0.967 | 1.000
Malta | 1.000 | 1.000 | 0000 | 1.000 | Yemen | 0.180 | 0356 | 0531 | 0552
Mexico | 0483 | 0488 | 1.000 | 1.000 A1t 0553 | 0733 | 0.666 | 0.750
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<X 4-7> DEAZ|Hd 23 =7} 7+ 584 H7MEAH(FH 1)

7% CEE] 7% CEE]
=7F | CRs | VRS | CRS | VRS =7 CRS | VRS | CRS | VRS
Armenia | 0271 | 1000 | 1000 | 1000 | Malta 1000 | 1,000 | 0.000 | 1.000

Austria 0.690 | 0.704 | 0.318 | 0.515 Mexico 1.000 | 1.000 | 1.000 | 1.000
Colombia | 0.241 | 0.247 | 1.000 | 1.000 | Netherlands | 1.000 | 1.000 | 1.000 | 1.000
Costa Rica | 0.517 | 0.532 | 0.398 | 0.409 | New Zealand | 1.000 | 1.000 | 0.988 | 1.000
Estonia 0.817 | 1.000 | 1.000 | 1.000 Panama 0.366 | 1.000 | 0.168 | 0.399
Germany | 1.000 | 1.000 | 0.900 | 1.000 Portugal 0.550 | 0.573 | 1.000 | 1.000
Greece 0.376 | 0.440 | 0.767 | 0.778 | South Korea | 1.000 | 1.000 | 1.000 | 1.000
Ireland 0.716 | 0.778 | 0.428 | 0.442 Slovenia 1.000 | 1.000 | 0.993 | 1.000
Israel 0.864 | 0.871 | 1.000 | 1.000 Spain 0.757 | 0.820 | 0.578 | 0.652
Italy 0.613 | 0.677 | 0.306 | 0.308 | Switzerland | 0.452 | 0.512 | 0.644 | 0.756
Japan 1.000 | 1.000 | 1.000 | 1.000 Tunisia 0.320 | 0.746 | 0.411 | 0.420
Malaysia | 0.289 | 0.290 | 1.000 | 1.000 | United kingdom | 0.893 | 0.896 | 1.000 | 1.000
3 it 0.697 | 0.795 | 0.746 | 0.820
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<¥# 4-8> DEA7Z|®Hd 23t =7} 7+ 584 H7/MEAI(EH 4)

EE; A IA

@

=7t CRS | VRS | CRS | VRS =7t CRS | VRS | CRS | VRS

Albania 0.331 | 1.000 | 1.000 | 1.000 Namibia 0.565 | 1.000 | 0.574 | 1.000
Algeria 0.574 | 0.667 | 1.000 | 1.000 Nepal 1.000 | 1.000 | 0.680 | 0.685
Banglaesh | 1.000 | 1.000 | 0.575 | 0.839 Nicaraqua 0.328 | 1.000 | 0.903 | 1.000
Benin 0.489 | 1.000 | 0.598 | 1.000 Nigeria 1.000 | 1.000 | 1.000 | 1.000
Bolivia 0.584 | 0.811 | 1.000 | 1.000 Pakistan 1.000 | 1.000 | 0.495 | 0.540
Brazil 1.000 | 1.000 | 0.635 | 1.000 Paraguay 0.636 | 1.000 | 1.000 | 1.000
Bulgaria 1.000 | 1.000 | 1.000 | 1.000 Peru 0.768 | 0.793 | 0.229 | 0.270
Cambodia | 0.809 | 1.000 | 0.454 | 0.661 | Philippines | 1.000 | 1.000 | 0.264 | 0.290
Cameroon | 0.404 | 0.590 | 0.418 | 0.451 Poland 1.000 | 1.000 | 1.000 | 1.000
China 1.000 | 1.000 | 0.850 | 1.000 Senegal 0.272 | 0496 | 0.440 | 0.977
Cote divoire | 0.251 | 0.392 | 0.384 | 0.424 Slovakia 1.000 | 1.000 | 0.911 | 1.000
Croatia 1.000 | 1.000 | 0.647 | 1.000 | South Africa | 1.000 | 1.000 | 1.000 | 1.000
Ecuador 0.613 | 0.617 | 1.000 | 1.000 Sri Lanka 0453 | 0.627 | 0.520 | 0.522

Egypt 1.000 | 1.000 | 0.870 | 0.891 Syria 0.379 | 0.571 | 1.000 | 1.000
El Salvador | 0.372 | 1.000 | 1.000 | 1.000 Thailand 1.000 | 1.000 | 0.249 | 0.250
Honduras | 0.319 | 0.823 | 0.683 | 1.000 Togo 0.528 | 1.000 | 1.000 | 1.000

India 1.000 | 1.000 | 0.380 | 0.505 | Trinidad tobago | 0.791 | 1.000 | 1.000 | 1.000
Indonesia | 0.811 | 0.811 | 0.805 | 1.000 Tanzania 0.519 | 0.840 | 0.731 | 1.000
Kenya 0.353 | 0.398 | 0.774 | 1.000 Vietnam 1.000 | 1.000 | 1.000 | 1.000
Morocco 0.49 | 0545 | 0.117 | 1.000 Yemen 0.226 | 0.552 | 0.805 | 0.918

Mozambique | 0.391 | 0.837 | 1.000 | 1.000 3 7t 0.689 | 0.863 | 0.731 | 0.859
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<E 4-9> WEE F7hEY FRAF L F2VF

Fx23% AzxHF
2] ek Brazil Bulgaria China 003 | .005 | .001
oy %] Albania Mozambique | Paraguay Vietnam 013 | 121 | .047 | .004
2 Bulgaria China Croatia Thailand 008 | .007 | .018 | .001
ol 42 | Mozambique | Paraguay 028 | 473
2] ek Brazil Bulgaria China .007 | .015 | .003
o4 | Mozbique | Outh angﬁ%’lfd@ Venezuela | 165 | 023 | 076 | 046
2] eF Brazil Bulgaria China 004 | .055 | .001
AqA | Mozambique | South Triniced 256 | 038 | 027

Africa and Tobago

4% | Bulgaria | Philippines | Thailand | [T ©) 154 | 006 | 006 | 055
ol 42 | Mozambique | Paraguay 130 | .083

2 2 Brazil Bulgaria Poland Thailand 051 | .161 | .000 | .045
o= Poland .000 | .004

2 2 Brazil China Poland 006 | .002 | .005
oA | H Salvador | Mozambique | Paraguay 134 | 015 116

2 2 Philiippines Vietnam 091 | .006
oA | H Salvador | Mozambique | Paraguay 828 | 082 | .299

2 China India Nigeria 003 | 013 | .116
oA | Mozambique | Paraguay 1.47 | 249

2 2 Brazil Bulgaria China 010 | .005 | .001
of| 4 %] Nigeria Syria 001 | 672
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Abstract

Production Efficiency Analysis
of the Classification of Country
Types according to Food and
Energy Security

Ki-Uk Han
Dept. of Agricultural Economics & Rural Development
The Graduate School

Seoul National University

In today’'s world where the food prices are skyrocketing due
to extreme weather anomalies and the competition for energy
sources including oil and natural gas is increasingly fiercer, food
and energy security has emerged as one of the three major
global crises along with the financial crisis beyond individual
nations. Situational changes to one country can drive another
country into a crisis state, and individual countries now need to
prepare for such events in the rapidly changing circumstances.
Expanding in its uses, bioenergy based on corns, beans, and

beets has garnered attention as a countermeasure against the
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limited energy sources and global warming. As a result, the
areas of crop cultivation and the supply of food have decreased,
which has led to rising grain prices and threatened food security.
It is now clear that the process of pursuing energy security can
cause imbalance that will threaten food security. Food security
and energy security have become topics that should be dealt
with together rather than separately.

This study thus set out to investigate the productive
efficiency of individual nations with a focus on the situations of
food and energy security. Different countries may have different
directions and political goals for food and energy security, but
there will be no differences on the need for higher productive
efficiency. Underdeveloped nations are predicted to have low
efficiency and thus a greater need to improve national
productivity than other nations.

The present study analyzed 89 of 115 nations whose data
were available for productive efficiency according to food and
energy security from 2001 to 2007, using average values. Since it
would be impossible to do realistic analysis when targeting the
whole in a situation where individual nations were in different
situations, the study conducted cluster analysis for patterning to
highlight national characteristics. The analysis variables include
the self-sufficiency rates based on the annual vyields and
supplies(consumptions) to show the food and energy security
circumstances of individual nations and the food and energy
outputs per capita by the nations to consider the percentage of
individual nations in the world in terms of food and energy
outputs. In addition, the school enrollment rates, GDP per capita,
and percentage of agricultural population were used as variables

to indicate the productive capacity of each nation to show the
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characteristics of individual nations. The level of price changes
was also considered to reflect the economic changes of each
country.

The study also set variables capable of affecting food and
energy production to estimate the productive efficiency of each
nation. The input factors for food production include
land(cultivated acreage), labor(economically active population in
agriculture), capital(net capital stock of agriculture), the amount
of fertilizers used, and grain imports. The input factors for
energy production include the oil reserve, natural gas reserve,
labor 2(economically active population in the energy industry),
capital 2(GDP invested into the energy industry), bioenergy, and
crude oil imports. The products include food outputs, which are
the addition of grain, fish, and meat outputs, and energy outputs
converted into the oil unit.

The data envelopment analysis results of the entire nations
show that the average values of CRS and VRS models were
0.553 and 0.733 in food, respectively, and 0.666 and 0.750 in
energy, respectively. The study then measured the efficiency of
each cluster around the cluster analysis results to figure out the
realistic productive efficiency of each nation. There were total
five clusters, of which Cluster 4 turned out to be the most
dangerous one in food and energy security. The study also
identified reference sets among the inefficient nations in Cluster
4 to help them find a benchmark nation as well as measure
productive efficiency. The reference sets in food production were
Brazil, Bulgaria, and China, and they were Mozambique and
Paraguay in energy production. Those nations were not high in
individual productive capacity but effective for food and energy

production, thus being identified as reference sets for inefficient
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nations. When classifying nations with similar productive
structural qualities and assessing them for productive efficiency,
one can identify the ones to be a benchmark among them, which
means more realistic improvement goals. The countries of Cluster
4 can thus determine their inputs by taking the input percentage
of reference sets into consideration.

The present study addressed productive efficiency, which is
the most basic element in food and energy security, in a
situation where more and more interest was invested in food and
energy security. The study also tried to provide assistance for
setting realistic inputs by classifying the nations at the highest
risk and setting benchmark nations. The study, however, has its
limitations derived from reflecting no geographical elements and
natural environments of individual nations in the classification of
nations while dealing with their quantitative aspects such as
economic power and educational level. The study also failed to
conduct factor analysis for the directions and input items sought
after by individual countries to fulfill specific improvement goals
and employ a quantitative evaluation technique for the
materialization of improvement measures and resulting
improvement effects, which calls for ongoing researches in the

future.

Keywords : food security, energy security, efficiency,
classification, factor analysis, cluster analysis, data envelopment
analysis(DEA)
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