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(Table 1) Summary statistics of product centrality in manufacturing sectors

Number of . |Standard|_ . . .
. Mean |Median Minimum|{Maximum
Observations error

1.Food & Beverage,

. 2,112 0.170 | 0.179 | 0.051 0.013 0. 285
Raw Material

2.Light Industry 432 0.190 | 0.192 | 0.035 | 0.054 | 0.281
3. Petrochemistry 1,128 0.181 | 0.188 | 0.046 0. 044 0. 270
4. Metal - Non-metallic 768 0.199 | 0.204 | 0.044 | 0.087 0.287
Product |9 1T 240 0.154 1 0.146 | 0.036 | 0.086 | 0.240
Centrality | 6, Precision Equipment 240 0.152 1 0. 148 | 0.040 | 0.074 0. 250
7. Electrical Equipment 72 0.184 | 0.181 | 0.045 | 0.115 0. 278

. uC 1’
8. General-purpose 648 | 0.184]0.184 | 0.040 | 0.086 | 0.290
Machinery

9. Transport Equipment 192 0.190 | 0.194 | 0.034 | 0.104 0.274

10. Other Manufacturing 418 0.174 1 0.167 | 0.054 0 0.292
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(Figure 1) Structural changes of the manufacturing sectors in product space
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(Table 2) Empirical results on the trend analysis of product centrality

Dependent Variable : Product Centrality, Estimation period : 1991~2014

Financial Number increasing decreasing invariant
Crisis Trend of items (B>0) (B<0) (B=0, Hy: 3=0)
linear 40 g %0 :
(37) (151) (73)
quadratic 51 28 : 18
Not (41) (132) (88)
Considered o 10 74 24
logarithmic 108 (33) (162) (66)
2 55 5
square root 62 (35) (157) (69)
. 5 32 4
linear 41 37) (159) (79)
. 28 5 16
. quadratic 49 (12) (136) (83)
Considered
logarithmic 106 ! k 2
(34) (163) (64)
. 3 58 4
square root 65 (38) (160) (63)

Notes: 1) Numbers in parentheses are the numbers of items classified into centrality-increasing,
centrality-decreasing and centrality-invariant industries based on the estimation
results.

2) For the estimate 3, if the hypothesis H,: =0 is accepted, the items are classified
into the centrality-invariant industry. Otherwise, they are classified into the

centrality-increasing if /5’> 0, and into the centrality-decreasing if ﬁ< 0.
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(Table 3) Industrial classification based on the trend of centrality (I):

without consideration on Asian financial crisis

Trend Increasing (45 items) Decreasing (164 items) Invariant
Speed | High Speed | Low Speed | High Speed | Low Speed (5; —
Sectors (33 items) (12 items) (35 items) | (129 items) LLLCIagts
016, 047, 057, | 022,025, 035, | 023,073, 222, | 011, 012, 024, | 001, 017, 034,
061,071,081, | 058, 247, 274, | 251, 277, 281, | 037, 042, 043, | 036, 041, 044,
098, 122, 244, 612, 641 282,422, 431, | 054, 059, 062, | 045, 046, 048,
246, 272, 633, 611,613 072,211, 212, | 056, 074, 075,
1.Food & 634 223, 231, 232, | 091, 111, 112,
Beverage, 245, 248, 261, | 121, 264, 268,
Raw Material 263, 265, 266, | 421, 635, 642
(21 / 46 items) 267, 269, 273,
278, 283, 284,
285, 286, 287,
288, 289, 291,
292, 411
2 Light Industry | 0900 BRI T
(2/ 14 items) ’ 85)1 ' "%
351, 553, 554, 531, 583 321,322,333, | 325, 343, 344, | 334, 335, 572,
575, 579, 597 342,511,512, | 345, 513, 515, 574, 598
514, 562 516, 522, 523,
3. Petrochemistry g%g 5’3)121? 2‘2;
(8./34 items) 551, 571, 573,
581, 582, 591,
592, 593, 621,
625, 629
675 661, 665, 676, | 662, 663, 666, | 664, 677, 681,
686 667,671,672, | 683,684,689
4. Metal - 673,674, 678, 696, 697
Non-metallic 679, 682, 685,
(1/23 items) 687, 691, 692,
693, 694, 695,
699
5.1T 772,776 752 751, 759, 761, 763, 778
(2/6 items) 762, 764
6. Precision 885 881 871, 873, 874, 774, 872
Equipment 882, 883, 884
(1/7 items)
7. Electrical 773,775 771
Equipment
(- /2 items)
714,724,726 733 711,712, 713, 718, 737
716,721, 722,
8. General-purpose 723,725,727,
Machinery 728, 731, 735,
(3/22 items) 741, 742, 743,
744, 745, 746,
747, 748, 749
9. Transport 781 793 786, 791 782, 783, 784,
Equipment 792
(2/2 items)
10. Other 831, 891, 894, 785 812, 821 813, 893, 895, | 811, 896, 898,
Manufacturing 899 897,911, 931 961, 971
(5/8 items)

Note: Numbers in parentheses are the numbers of items classified into centrality-increasing,

centrality-decreasing by sectors.
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(Table 4) Industrial classification based on the trend of centrality (II):
With consideration on Asian financial crisis
Trend Increasing (46 _items) Decreasing (166 _items) Invariant
Speed | High Speed | Low Speed | High Speed | Low Speed (49\]-,[ )
Sectors (34 items) (12 items) (37 items) (129 items) LLCIaets
016,017,047, | 022, 025, 035, |023, 222, 251, | 011, 012, 024, | 001, 034, 036,
057,061,071, | 058, 247, 274, |277, 281, 282, | 037,042, 043, | 041, 044, 046,
081, 098, 122, 612,641  |422, 431,611, | 045,054, 059, | 048, 056, 074,
244, 246, 272, 613 062,072,073, | 075,091, 111,
1. Food & 633, 634 211, 212, 223, | 112,121, 264,
'Beverage 231, 232, 245, | 268, 421, 635,
Raw Material gég’ ggé‘ gg% 642
(22 / A7 items) 2 2990 S0
269, 273, 278,
283, 284, 285,
286, 287, 288,
289, 291, 292,
411
. 656, 659 652, 654, 658, | 651, 653, 655, 657, 841
2.Light Industry 812, 843, 816, | 844, 845, 848,
2/ 14 items) 857 395
351, 553, Hb4, 531,583 321, 322,333, | 325, 344, 345, | 334, 335, 572,
575, 579, 597 342,343,511, | 513,515, 516, 574, 598
512,514, 625 | 522, 523, 524,
3. Petrochemistry gi? gig gg?
(8./34 items) 562, 571, 573,
581, 582, 591,
592, 593, 621,
629
675 677 661, 665, 676, | 662, 663, 666, | 664, 681, 683,
4. Metal - 686, 693 667,671, 672, | 684, 689, 696,
et : 673, 674, 678, 697
Non-metallic
(2/93 items) 679, 682, 685,
’ 687, 691, 692,
694, 695, 699
5.1T 772,776 752 751, 759, 761, 763, 778
(2/6 items) 762, 764
6. Precision 885 881 871, 873, 874, 774,872
Equipment 882, 883, 884
(1/7 items)
7. Electrical 773,775 771
Equipment
(- /2 items)
714,726 733 711,712,713, | 718,724,737
716, 721, 722,
8. General-purpose 723,725, 727,
Machinery 728, 731, 735,
(2/22 items) 741, 742, 743,
744, 745, 746,
747, 748, 749
9. Transport 781,793 791 786 782, 783, 784,
Equipment 792
(2/2 items)
10. Other 831, 891, 894, 785 812, 821 813, 893, 895, | 811, 896, 961,
Manufacturing 899 897, 898, 911, 971
(5/9 items) 931

Note: Numbers in parentheses are the numbers of items classified into centrality-increasing,

centrality-decreasing by sectors.
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PLIPY 7] i4FS At (= =8 £E27H / AA A1)
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€t ”dN(O,af) LAkgt

A7IM FESHE S TN dig¥e] GDP= World Development
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= ZE3] Ysle] HAC (heteroscedasticity and autocorrelation consistent) 3278
= LAE sk WA At BBV FE9
Atk= 7 3holl Newey and West (1987) 7F A| A8 HAC ®' < ©]&38ke] OLS
TR }ﬁﬂﬁ"’:—% 219 FFLAE WS o|FA AR ol&
A A7V BBAE B HE BTAE HAC 921 2 it

% 23 1,3}\401] WA, THEFAA BT 2 ASEA Aol dis) o] &4
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sttt E=gk AE T4l Tk FAIE M Wl 29 AAE AN B
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(Table b) Estimation of the industrial vs. product-space gravity model (I):
Sampling from the dynamic industrial classification
Dependent variable : Export/GDP, Estimation period : 1991-2014
Korea China Japan
Industrial Iiroduct Industrial Iﬁroduct Industrial Iiroduct
Explanatory - Space - Space . Space
Group o Gravity o Gravity o Gravity o
variable Model Gravity Model Gravity Model Gravity
Model ’ Model Model
Relative Income| 1.086™** | 2.620%** | 0. 800™** | 1.020*** |-1. 357*** |-2. 274***
(GDP ratio) (0. 362) (0. 349) (0. 095) (0. 089) (0. 295) (0. 288)
Relative -0.071% |-0.118%**| 0. 210*** | 0. 137*** | 0.073** -0.012
Price (0. 039) (0. 029) (0. 033) (0. 026) (0.032) (0.027)
Total Product 3. 574%* 2.476%** 3.096***
ot Centrality (0.132) (0. 115) (0.027)
R? 0. 0027 0. 1147 0. 0294 0.1187 0. 0049 0. 0906
Gooﬁg?fessgf Fit] 6 oo | 248,70 | 57.69*** | 205.68***| 12, 80*** | 176, 75***
N 5, 760 4,585 5,324
Relative Income| 1.079 -0.996 | 0.532*** | -0.101 |-1.500** | 0.400
(GDP ratio) (0.915) (0. 870) (0. 202) (0.172) (0.714) (0. 705)
Relative -0. 435" [-0. 471*** [ 0. 491*** | 0.160** |-0.216%**[-0. 321***
o Price (0.087) (0.074) (0. 087) (0. 068) 0.071) (0. 063)
Centrality =5 0 3¢t 1.028" 3,511 3. 5697
m“re(j‘j‘“g Centrality (0. 348) (0. 240) (0.348)
sroup R 0.0320 | 0.1452 | 0.0633 | 0.2586 | 0.0186 | 0.1186
G‘““}gfe:gf Fit] 14 gowe | 57.41%%% | 20.05%** | 94.53*** | 7.66*** | 41, 60***
N 1,018 817 931
Relative Income| 1.076%* | 3.920*** | 1.032*** | 1.447*** |-1. 281%**|-3. 092***
(GDP ratio) (0. 450) (0. 444) (0.121) (0. 120) (0. 365) (0. 366)
Relative 0.075 0.023 |0.120*** | 0.062* |0.155*** 0. 062
Centralit- Price (0.047) | (0.034) | (0.039) | (0.033) | (0.036) | (0.032)
den Tality Product 3. 5607 2.138%%F 3. 008%**
ecrri?fmg Centrality (0.163) (0. 151) (0. 169)
group R? 0. 0025 0.1180 0. 0297 0.0921 0. 0093 0. 0936
Gooﬂg?fjsgf Fit] 3 69* | 162, 417 | 42.06*** | 98.65%** | 15.39*** | 117, 24***
N 3,647 2,923 3,410
Relative Income| 1.341* 1.629** 0. 255 0.211 -1.323%* | -1.361%*
(GDP ratio) (0. 790) 0.771) (0. 232) (0. 187) (0.671) (0. 657)
Relative -0. 346*** [ -0. 342*** | 0. 371*** | 0. 349*** 0.079 0. 056
. Price (0. 079) (0. 070) (0. 074) (0. 051) (0. 100) (0. 069)
fi“iﬁf;‘?{ Product 1. 070" 1. 0107 1. 300%%
‘rou Centrality (0.323) (0. 261) (0. 367)
sroup R? 0.0212 | 0.1459 | 0.0490 | 0.2603 | 0.0045 | 0.1268
Gooﬁg?fjsgf Fit) 1 g0 | 62.10%%% | 14.00%** | 98.66*** | 2,05 | 47.39***
N 1, 095 845 983
Notes: 1) (1), (3), (5) are the estimation results of the model (9) and (2), (4), (6) are the

estimation results of the model (10).

2) Numbers in parentheses are standard error, and **,

1% levels respectively.

¥k %k

3) All the explanatory variables are logarithmic values.

are significant at the 5%,
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(Table 6) Estimation of the industrial vs. product-space gravity model (I):
Sampling from the dynamic industrial classification and speed of change
Dependent variable : Export/GDP, Estimation period : 1991-2014
Korea China Japan
Exol Industrial Iiroduct Industrial Iiroduct Industrial Iirg)duct
Group xplanatory Gravity Spa'ce Gravity Spage Gravity Sp ace
variable Model Gravity Model Gravity Model Gravity
’ Model ’ Model Model
Relative Income | 0. 884 -2.023* | 0.498* -0.367 | -1.728* 1.123
(GDP ratio) (1.142) (1. 042) (0. 271) (0. 246) (0.927) (0. 875)
Centrality- Relative -0.366™**[-0.336™** | 0. 412*** | 0.019 -0.016 -0.135
increasing Price 0.122) | (0.106) | (0.109) | (0.089) | (0.121) | (0.109)
group Product 5. 080*** 3. 710%** 4, 442%**
(High Centrality (0. 329) (0. 261) (0. 316)
Speed of R? 0.0172 0. 2147 0. 0402 0. 2664 0. 0059 0. 1650
change) | Goodness of Fit [ 5 ayues | g4 goees | g gorer [ g1 737 | 1.091 | 75,467
(F-test)
N 719 548 662
Relative Income 1. 800 0.991 0. 490 0.137 -1. 787 -1.592
(GDP ratio) (1.542) (1.592) (0. 318) (0. 296) (1. 155) (1.151)
Centrality- Relative -0, 757*** 1 -0. 858 ** | 0. 680*** | 0.376™** |-0. 407***| -0. 440
increasing Price 0.127) | (0.133) | (0.149) | (0.131) | (0.088) | (0.105)
group Product 2.029** 3. 861%** 0.670
(Low Centrality (0.787) (0.473) (0. 800)
Speed of R? 0. 1406 0. 1546 0. 1308 0. 2694 0. 0979 0. 1001
change) | Goodness of Fit [ 1o jgee | 14 ggees | 13 9300+ | 45 5720+ | 12,457 | 8 go7**
(F-test)
N 276 229 245
Relative Income | -0.280 | 2.975%* | 1.623*** | 1.715"** | -0.929 |-4.187***
(GDP ratio) (1.128) (1. 209) (0. 290) (0. 336) (0. 850) (0.932)
Centrality- Relative 0. 206** 0.127 0. 084 0. 067 0. 100 0.001
decreasing Price (0.108) (0. 098) (0. 076) (0. 079) (0. 064) (0. 058)
group Product 3.221%%F 0.311 3.986***
(High Centrality (0. 470) (0. 425) (0. 429)
Speed of R? 0. 0088 0. 0818 0. 0551 0. 0561 0. 0052 0. 1267
change) | Goodness of Fit [ g3 [ 45 ggenn | 17 180+ | 11.50"** | 1.89 | 30.69%**
(F-test)
N 770 617 729
Relative Income | 1. 541%** | 4.228%** 1 0.891*** | 1. 336™** |-1.408***|-2. 825***
(GDP ratio) (0. 482) (0.451) (0. 132) (0. 129) (0. 382) (0. 376)
Centrality- Relative 0. 067 0.028 |0.130"** | 0.083* |0.139*** 0.053
decreasing Price (0.046) | (0.040) | (0.046) | (0.043) | (0.041) | (0.038)
group Product 3.573*** 2. 631 2.575%**
(Low Centrality (0.187) (0.197) (0.183)
Speed of R? 0. 0042 0. 1345 0. 0246 0.1262 0. 0093 0. 0833
change) Goofg?fgsgf Fit] 5 0%** |133.96%** | 26.58%** | 76.26*** | 12.68*** | 74.09***
N 2,831 2, 281 2,643

Notes: 1) (1), (3), (5) are the estimation results of the model (9) and (2), (4), (6) are the
estimation results of the model (10).

2) Numbers in parentheses are standard error, and **,

1% levels respectively.

EET

3) All the explanatory variables are logarithmic values.

are significant at the 5%,
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5. FAEA EFAAL 2E2SMFHERESITC)

B Ao AFEA A] ARRSISIE UNo| 2ieles A ZodolE, =, UN
Comtrade® FF3dt= SITC AEa=d U8l & o AHHEEE skxl SITCE UN
AN A 7bE T WE 7 A FEEFEA FHEAC] A4 H|
wE g8 AP F2 gEdd A7 2AF Fokoll g Algso] gt
SITCE 1937 12+ 71 a9 AMRIERERES 7| 2AEE st A=A,
1950 7€l UN ZAAALS] o] AF2] (ECOSOC) oA BE Z7P7}F Al F-o A E-Fol
£ SITCE AH-E AL Aushe doehs TRtk olF Al ol 23 A%
S E3) =07l SITC rev. 3% UN Aol whe} 2t o] 1988 A% H F-AEAZS
24w 7lEo R Ata 9l

(Table A.1) International Trade Classification Code

HS Code
SITC Code . . BEC Code
(Standard Int.e.rna.tional (Hargggéiﬁ)(%i&or;}ln&odlty (Broad Ecpnomic
Trade Classification) Coding System) Categories)
. . WCO
Superintendent UN (World Customs UN
Organization)
— . . Tariff & Economic Analysis
Objectives Economic Analysis Trade Statistics & SNA Measurment
. Goods Goods Goods
Subjects (Traded goods) (Traded goods) (Traded goods)
Categorics Commodity Commodity characteristics Economic and
8 characteristics and industry origin end-use categories
Process 5 Steps 6 Steps 3 Steps
Items 2,970 12,000 19
0.Food and live animals | 1. Live animals; animal 1. Food and beverage
1. Beverages and tobacco| products 2. Industrial supplies not
2. Crude materials, 2. Vegetable products elsewhere specified
inedible, except fuels |3.Animal or vegetable fats|3. Fuel and lubricants
3. Mineral fuels, and oil and their 4. Capital goods (except
lubricants and related cleavage products transport equipment),
materials 4, Prepared foodstuffs and parts and
Headin 4. Animal and vegetable |5. Mineral products accessories thereof
g oils, fats and waxes : 5. Transport equipment
: : and parts and
accessories thereof
: : i 6. Consumer goods not
9. Commodities and 21. Work of art, collectors| elsewhere specified
transactions not pieces and antigues 7. Goods not elsewhere
classified elsewhere in specified
the SITC

Source: The Statistics Korea (KOSTAT), "KCPC Manual (Final Report) ;, 2012. 10. 23.
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2617N, MEF (Heading, 44 1, 033702} MAEF (Heading, 5AH]) 3, 12174
T & 5‘?}7ﬂ94 ASTZE o]FoA Ut} dE 59, YEF F5S 7oz &

(Table A.2) SITC rev.3 Classification (1-digits, 2-digits)

1-digits Code

Code| Commodity Description

0 |Food and live animals

1 | Beverages and tobacco
2 | Crude materials, inedible, except fuels
3 | Mineral fuels, lubricants and related materials
4 | Animal and vegetable oils, fats and waxes - 41 - Animal oils and fats
5 | Chemicals and related products, n.e.s.
6 | Manufactured goods classified chiefly by material
7 | Machinery and transport equipment
8 | Miscellaneous manufactured articles
9 | Commodities and transactions not classified elsewhere in the SITC
2-digits Code
Code Commodity Description Code Commodity Description
00 Live animals f)t.hfar than animals of 57 Plastics in primary forms
division 03
01 Meat and meat preparations 58 Plastics in non-primary forms
02 Dairy products and birds’ eggs 59 |Chemical materials and products, n.e.s.

Fish (not marine mammals),
03 crustaceans, molluscs and aquatic 61
invertebrates, and preparations thereof

Leather, leather manufactures, n.e.s.,
and dressed furskins

04 Cereals and cereal preparations 62 Rubber manufactures, n.e.s.

Cork and wood manufactures (excluding

05 Vegetables and fruit 63 furniture)

Paper, paperboard and articles of paper

06 | Sugars, sugar preparations and honey | 64
& kar prep Y pulp, of paper or of paperboard
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Coffee, tea, cocoa, spices, and Textile yarn, fabrics, made-up articles,
07 65
manufactures thereof n.e.s., and related products
Feeding stuff for animals Non-metallic mineral manufactures,
08 . . , 66
(not including unmilled cereals) n.e.s.
Miscellaneous edible products and
09 ep 67 Iron and steel
preparations
11 Beverages 68 Non-ferrous metals
12 Tobacco and tobacco manufactures 69 Manufactures of metals, n.e.s.
. . . Power- ati achinery and
21 Hides, skins and furskins, raw 71 ower generdt]pg fACINEry” an
equipment
. . . Machinery specialized for particular
22 Oil-seeds and oleaginous fruits 72 v p . D
industries
.| Crude rubber (including synthetic and . . .
23 U U ( " &8y 73 Metalworking machinery
reclaimed)
General industrial machinery and
24 Cork and wood 74 |equipment, n.e.s., and machine parts,
n.e.s.
Office machines and automatic
25 Pulp and waste paper i) . .
data-processing machines
Textile fibres (other than wool tops and Phoneecommunications and
26 | other combed wool) and their wastes | 76 sound-recording and reproducing
(not manufactured into yarn or fabric) apparatus and equipment
- Electrical machinery, apparatus and
Crude fertilizers, other than those of . ty, app .
. . appliances, n.e.s., and electrical parts
division 56, and crude minerals . ; .
27 . . 7 thereof (including non-electrical
(excluding coal, petroleum and precious .
counterparts, n.e.s., of electrical
stones) ;
household-type equipment)
; . Road vehicles (including air-cushion
28 Metalliferous ores and metal scrap 78 v ( . &
vehicles)
Crude animal and vegetable materials, .
29 N e\ Sg 79 Other transport equipment
Prefabricated buildings; sanitary,
32 Coal, coke and briquettes 81 | plumbing, heating and lighting fixtures
and fittings, n.e.s.
Furniture, and parts thereof; bedding,
e Petroleum, petroleum products and . D .g
33 . 82 |mattresses, mattress supports, cushions
related materials L .
and similar stuffed furnishings
. ) Travel goods, handbags and similar
34 Gas, natural and manufactured 83 & . &
containers
. . Articles of apparel and clothing
35 Electric current 84 bp . &
accessories
. Fixed vegetable fats and oils, crude,
42 xed vee 0 U 85 Footwear

refined or fractionated
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Animal or vegetable fats and oils,

Professional, scientific and controlling

43 87 .
processed instruments and apparatus, n.e.s.
Photographic apparatus, equipment and
51 Organic chemicals 88 supplies and optical goods, n.e.s.;
watches and clocks
. . Miscellaneous manufactured articles,
52 Inorganic chemicals 89
n.e.s.
. . . . . Postal packages not classified accordin,
53 | Dyeing, tanning and colouring materials | 91 backag . g
to kind
.. . Special transactions and commodities not
54 | Medicinal and pharmaceutical products | 93 P i . .
classified according to kind
Essential oils and resinoids and perfume . . .
. L. P . Coin (other than gold coin), not being
55 |materials; toilet, polishing and cleansing| 96
. legal tender
preparations
56 Fertilizers (other than those of group 97 Gold, non-monetary (excluding gold

272)

ores and concentrates)

Source: K-stat Homepage (KITA), http://stat. Kita. net, 2016. 10. 18.
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Dynamic Industrial Classification and the Gravity

Model in Product Space™
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Yong-Ju Lee * Sungro Lee

Abstract

This paper investigates the global trend of centrality measure in product
space and develops dynamic industrial classification based on this measure. In
addition, the paper analyzes the gravity model with product-level heterogeneity
which originates from centrality measure in product space and examines how
much the centrality measure explains the export structure of Korea, China and
Japan. Empirical results show that over 30% of products in product space have
significantly changed their centrality in the past 24 years. Also, the empirical
results based on the gravity model in product space illustrates that the
estimated elasticity of centrality measure, the major concept of product space,
is significantly positive in all of the model specifications as theoretically
expected and plays an important role in determining trade flows in global
market and the export structure in the country level. These evidence illustrates
that Korea has successfully achieved the structural transformation in
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manufacturing industries more timely than China and Japan as the global trend
of export sophistication in product space has changed. Also, with these
results, we carefully predict that the structural transformation in product space
play a key role in economic growth of the manufacturing countries.

Key Words: product space, dynamic industrial classification, gravity model
JEL Classification: F14, F61, L16, L60, 012



