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Policy on Sophistication of Industrial Structure through Interior and Exterior
Circumstantial Change Analysis of the Textile & Fashion Industry in Gyeonggi
Province -Focused on Current Foundational Causes by Collapsing
Specialization System with Vendors-

Yoon Chang Ju' and Jeong Jin"

Gyeonggi Textile Industries Association; Yangju, Korea
"Korea High Tech Textile Research Institute; Yangju, Korea

Abstract : In the textile industry located in Gyeonggi-do, 85% of small-sized firms have less than 10 employees; in addi-
tion, the most of them are characterized by a vendor relying specialization system that conducts foundry from the vendor
that managed marketing, textile design-development, and quality checks according to unit stream. The breakaway of these
vendors accelerated over the last 7 years; however, industry survival is at stake because the specialization system and
orders have collapsed. The following four main policies must be implemented to overcome industry hardship. Policies
have been derived from survey and analysis (present condition and trends) from industrial statistics and related policies
in advanced and developing countries. First, a policy to promote cooperation between small-sized foundry unit-streams.
Second, unification of the marketing support function with a textile design and development-support system. Third, the
introduction of policy support-management system customized according to developmental stages (tall process—>fabric
production—»sales—clothing production-sales). Fourth, foundation of a control tower that puts these tasks in a vehicle
and runs them and the division of roles with the central government. We must propel main tasks to manifest the devel-
opmental potential (develop eco-friend dyeing and processing technologies, change to the young next CEO in business
environment, and grow the of knit market) of the Gyeonggi Textile Industry in a short period to present a condition where

these four main policies are running.
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Table 1. Change in average annual increase and world ranking of textile and clothing export-import amount from 2010 to 2014

Division

(a) World ranking

Average annual increase

Amount of export (fiber)

(@) (10~°12) 5 — (13~149) 6

(b) C11) 13% — (12) 3% — (13) 1% — (14) -1%

Amount of import (fiber)

(@) (10) 8 = (11) 9 — (12~'14) 10

(b) C11) 17% — (°12) -14% — (13) 7% — (14) 3%

Amount of export (clothing)

(@ C13) 15— (14) 18
(b) C11) 14% — (12) 4% — (139) 10% — (14) 7%

(b) Year-on-year rate Korea World
2% 6%
3% 6%
9% 8%
18% 9%

Amount of import (clothing)

(@) C10) 9 — (11) 8 = (12~’14) 7

(b) (11) 39% — (12) 3% — (13) 20% — ('14) 12%

* (year)
* Source : Trade Statistics, Korea International Trade Association

Table 2. Number of companies in domestic textile industry in 2014

- Number of Proportion

Division .
companies (%)
_ North region 4,232 51.0
. (;f:i’;if South region 4,073 49.0
Metropolitan Total 8305 292

area

Country Seoul city 20,114 70.8
Total 28,419 59.9
Daegyeong area 7,575 16.0
Total 47,408 100

* Source : Korea Statistical Information Service, Statistics Korea
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(Korea High Tech Textile Research Institute, 2009). o]l u}
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Gywonggi Green Knit Center

ECOROOM s eco-friendly technology capable of dyeing high
-sensitive knit, having excellent surface characteristics(
luster; touch), under room temp.

ECOROOM “S=,

Dyeing Flow

Fig. 1. Infra facilities for Gyeonggi textile industry and world’s first eco-friendly dyeing processing equipment. Korea High Tech Textile Research

Institute (2016).
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Table 3. Textile & clothes export-import amount in 2015
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(Unit: million dollars)

Division Amount of export Amount of import
i North region 732(-15.8%) 591(15.5%)
. Cyeongei South region 1,619(11.5%) 2,411(42.7%)
Metraorzzlltan provinee Total 2351(1.3%) 3,002(36.4%)
Country Seoul city 5,903(-16.8%) 8,824(-9.5%)
Total 8,255(-12.3%) 11,826(-1.0%)

Daegyeong area
Total

2,782(-11.1%)
14,304(-10.2%)

799(-0.1%)
14,461(-1.3%)

* () : year-on-year rate
* Source : Trade Statistics, Korea International Trade Association
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Table 4. State of each textile stream in Gyeonggi Province in 2014
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Number of companies

Number of employee

Division
Whole North South Whole North South
Total 8,305 4,232 4,073 62,584 31,258 31,326
Up Filature/spinning 425 278 147 3,031 1,358 1,673
Weaving 780 622 158 4,701 3,373 1,328
Middle Kanitting 1,241 657 584 7,806 4,229 3,577
Dyeing processing 1,312 975 337 18,499 11,991 6,508
Down Sewing clothes/fur 1,840 597 1,243 12,085 4,009 8,076
Other textile product 2,686 1,096 1,590 16,285 6,212 10,073

Chemical fiber 21 7 13 177 86 91
* Source : Korea Statistical Information Service, Statistics Korea
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Fig. 2. Size change of Gyeonggi and whole-country textile industry from 2011. Attp.//kosis.kr:
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o} 2 A3y FRe AAEwES gy w2A A 59| v 72} 43.4%, 73.6%= - 3 ‘:]'(Table 5).
tF% 5 SUsae) AAAY 1S 9 F5A0, el iz 8 YAFRE B AgsE
E3 Wt $53 OEM A28 ods] g9ek] R 20149 A71= ARAA T 1021 ol AlAIS HISE 17.8%
Table 5. Textile & clothing export/import amount to/from each country in 2015
Export Import
Ranking Country Amount Year-on-year Proport-ion Country Amount Year-on-year Proport-ion
(thousand dollar) rate (%) (thousand dollar) rate (%)
1 Vietnam 455,240 14.8 19.4% China 1,504,263 30.9 50.1%
2 China 397,148 6.8 16.9% Vietnam 587,631 24.8 19.6%
3 USA 258,648 -9.8 11.0% Indonesia 117,893 67.0 3.9%
4 Indonesia 169,486 -0.4 7.2% Myanmar 112,256 99.5 3.7%
5 Hongkong 112,034 6.1 4.8% USA 81,611 234 2.7%
6 Japan 90,720 52 3.9% Italy 81,386 102.4 2.7%
7 Ugﬁfi‘:af‘er:b 70,099 7.1 30%  Bangladesh 75,748 476 2.5%
Total 2,351,271 1.3 100.0% Total 3,002,135 36.4 100.0%
* Source : Trade Statistics, Korea International Trade Association
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Table 6. Proportion change of textile manufacturer with over 10 employees within Gyeonggi province in the past 4 years

Division 2011 2012 2013 2014
Proportion of companies with over 10 employees (%) 20.0 19.5 18.4 17.8
Number of employees per one company 8.04 7.99 7.72 7.53

* Source : Korea Statistical Information Service, Statistics Korea

Table 7. State and prospect of facility investment in textile industry

Facility investment (100 million won)

Division

Rate of change (%)

2013 2014

2015 2016 2015 2016

Textile product (except clothing) 7,065 4,173

3,545 3,242 -15.0 -8.6

* Source : Korea Development Bank (2015)

Table 8. Change of R&D intensity in textile industry from 2010 to 2014

Division 2010 2014 Variation
Manufacturing industry 3.7% 3.32% -0.38%p
Textile 3.2% 1.91% -1.29%p
Clothing 1.7% 2.68% 0.98%p

* Source : Survey on SME technology & R&D (2015)
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k= ov
* top of the world in \\
field of manufacturing

technical textile

* (Policy) tax favor for
usage of clean energy
and R&D of enterprises

= trend of reducing textile
production and increasing
clothing production

* (Policy) using outward
processing for middle-low
price products, producing
high price textile and
clothing in Italy

= mainly sourcing clothing products of
global famous brand as apparel
industry centrally grows

* (Policy) increasing added value rate
up to 80%, enhancing manpower,
constructing wastewater disposal-only
region until 2020year

® China

= eating into middle-low price overseas market
based on expansion of production facilities and
improvement of technology/quality

= (Policy) enhancing textile industry structure
such as improving production efficiency and
developing technical textile etc. through 12th
Syear plan(2011~2015)

N

* high-level technology in
differentiated high value-
added chemical fiber field

* (Policy) promoting
cooperation among unit-
streams, collaboration
among different businesses,
development of human
resource, export

Fig. 3. Textile industry policy of advanced and developing countries. Gyeonggi Textile Industries Association (2016).

Table 9. Change and prospect of South Korea-China-Japan technology competitiveness in textile industry (Japan = 100)

Division South Korea China
2010 2015 2020 2010 2015 2020
Technical textile 60 65 75 45 52 64
Yarn for clothes 75 80 85 59 68 77
Weaving/knitting 82 85 38 62 70 81
Dyeing processing 70 75 80 46 56 66
Sewing 87 90 95 65 79 88
Textile industry 75 79 85 55 65 75

* Source : Korea Economic Research Institute (2015)
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7F FAEACE AR, A2 i@t ol& SUiskE 213l
F5%, WEY GAo] A FHE T SR A 9
AZe] o7t F738IaL U= Ao|tH(Gyeonggi branch office
of the Bank of Korea, 2011).
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Miniaturization of company

(sharp.drop of operation rate of facilities)

\ Vendorf{textile planning-developing+marketing)

Rapid decrease of orders \
{textile mannfactu«rwg companies
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Reduction of investment
in facility, R&D, marketing
4 = decline in \\._
ent an quality/technology/price
competitiveness

epen excess competition
among domestic cgmpanies

N\ dependent specialization system

Contmuous competition
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Table 10. Change in number of knitting companies and export amount of knitted textiles in Gyeonggi

Number of companies

(miilfiory dollars)

Division 2011 2014 Rate (%) 2.500 15 105 2150 ol FEE g
Filature/spinning 368 425 15.5 2000 7
1,500 |
Weaving 690 780 13.0
1.000 - 768
Knitting 923 1,241 345
. . 500 1~ 36.5% 36.2% 35.2% 34.6% 32.3%
Dyeing processing 1,154 1,312 13.7 I &= == = =
Other textile product 2,289 2,686 17.3 2011 2012 2013 2014 2015

* Source : Trade statics, Korea Statistical Information Service

= Whole export—amount
m knitted textile export-amount
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For integrating creation of néw Kort
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Fig. 5. Outline of K-design village. Council of Fashion Designers of Korea (2015).
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Table 11. Ranking of manufacturing industries in Gyeonggi province and North region of Gyeonggi province

Gyeonggi province

North region of Gyeonggi province

Ranking
Industry item The number Ratio Industry item The number  Ratio
Total - 23,888 100.0 - 4,570 100.0
1 Other machine and device 3,544 14.8 Textile (including clothing) 810 17.7
2 Metal processing product 3,355 14.0 Rubber/plastic product 501 11.0
3 Rubber/plastic product 2,637 11.0 Metal processing product 475 10.4
4 Electronic part, computer, display/ 2,135 8.9 Food product 363 7.9
audio/communication device
5 Electric equipment 1,831 7.7 Printer, recording medium 315 6.9
6 Textile (including clothing) 1,476 6.2 Other machine and device 287 6.3
7 Food product 1,223 5.1 Furniture manufacturing 285 6.2
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Added-value
1

G specat
company

Foundry unit-stream, having more !
than two key technologies
(technical know-how) and Corp
research institute(or dedicated
department)

Definition

- enhancing quality and
technology innovation
Prior capabilities
support (including construction of
research-dedicated department )
- improving working-
environment
LB« foundry unit-stream
company « company, not having Corp
research institute(or dedjcated
department)

Company, having Unit-stream
facilities, Corp research institute(or
dedicated department), capability of
producing textile and finally

imore than 5 billion won in sales

- enhancing collabo

- enhancing marketi

producing textile but not
satisfying rest two conditions

Small hidde
champion

capability among

strdam copren enhancing global marketing

- Improving textile ?blilly, If-brand. enhandi
planfird ST fostering self-brand, enhandng
manpower

capability

» small hidden champion

» company, having capability of
producing textile and clothing but
not satisfying rest three
conditions

pany, havmg capability of

Business field

Fig. 6. Method of constructing growth ladder for textile & fashion enterprises in Gyeonggi (possible agenda).

S, AR ople}t o FALT - vl o] XEFRo =M
A=71Q0PeRE 44E 4 ot ol A=r|gL 2749
o] JAAE o|YES slo] FHHIARESE 2 - Tt
Aok gth(Fig. 6).

AR 2 U] WA A HA= @Wér o
FE o], A7I1EFE 20208714 SjAERE
ol A AHRAIZAAT S8 Sl K-E] 211 WA 7}
Heth AIE=s olF AAHSE S| S8 $FAE
FA7E ESHELA AR E3H-5 TR (BAIESHE ‘QE
slehe YET ARHAETFCH) AFS FX Foloh. B
Alde] AEZER7E §lE A3olM, 578 7EE g2 3§
of oA AFS A4lA} Tubiel] AN FHAA T &&
Hog FE F AF E7E 21 AET Havt sk
TR} ARES FAAA ] 9T FA= eEofoF
ok #A) AR5 S eE S4351 e BYHUS A

4, 7%, AEAl Golth tlEE-e YAl - AxR=E,

HE - AR, AgE YR - BA - fFoE A
2o] gYo] FIEIAAL st o] AHelX FYAT-o| TS
IREE art Aok 2%t ST AGEAS IS
A 2 A BAE FEST HopE R 3l FAR A <}
o] A7} ks ERA] ZR7] WiEolt). diabee] 284 &
E‘i WE}E ol HAEA] ¥t ol sldsab] fla
FgR-ol FARAAT S A EDHE
6}04 AMRo] Qg FREloF gt} FAXAA = XG53}

_/

o},

4
X

_Elo
ox -
i)
a =
e

A

B
oL

)

)

j;

(<

O_u O{N

e AR BAS A, TS B T FAA,
A FE AR7ENEIAE 71Yske B ow ot
AR RS Stistelof gt

o] W] 7K A7 AR AEE, Tl A F
A3Ale] Aol Alsle] W7k v A7 HAHA 4]

o] A 59 &%) 75 Aot
AR, SEdFaAATdo] A ke ASH A%
EJ e B MEF AW E 2 FEolnh ]
=5 7o) ool AKjIstelr] flEix = oF 809 o] A
—Erxw ‘A= ojof slEE At JA7F dEo2E Fofs)
7] ot v 71ge] Aakad FElE sl d7-o] 7]
SEAE B3l A B8 A7 ALE 5 e BAe] e
afch. 2E]al g Aol AXH R UAE A ALt

FRE sk A% P22 sok @ el A, 24 7
& BUOR /A QAL 2 AT RO
§ B AT FF 0F A A2H0) Basi ol
o, M= 9 AR B AULRSE GHT 4 3
2 Zolth, A, W, AWEE §AT + e 1L vk

sto] AR AGAZRGA et wFD ¢ AT Fo=A AR

8o RIS AFo] N 5 =S Adsorich, ol
el 4RYF HAAE FEIPIGT, UF, 49 B2
A

Estel AWER ks T2 wdk Aoy &
7198 Zeg Bt YA, A7 FEdd/eFEA=G
knit/G with)e] E2dsteltt, FsEAN=r EAF T QX



BINE SN 2] ] FFUS BPS F NgirE TES JAYS 119

ol 71H 50 EE5o] F3| Axstt FA/NES HHSL
FRE U s Fu IED AFLLS 2HRIA 2
AXZIE, AG719 Ak, oFe] 7S AT 5 ds
Aolh. Al 7= AiAEe] 9498 g2l ol Al
Alell ZAAN71E WAL AHF7E osith A= E5EE Y
AEL FAHZ AAAU fFHtRiel F2ka s 5
MFSIL, oPrel, 1 Tl e 3] MFske WS A
E3|E gavt . oA, Aot ALE A
o o2& dgS AAHoR P I%VM AAAZ = Al
2glo] Fasit) 715 AR w& dzept vig- #
oFslitt. sPgAlel fIxe A7 1= 7136517} F2 rdo] & &
Atk HFA A 7)&sh %i'%(ﬂz‘ <] °*£*P7lgﬂf§1ﬂ)%
nEY, UE Z2 gy, o

<)
o] AEHEHS TH %Vé%]{— ﬁ% Zﬂ?lﬁh:k 8% e

0

rulo 1m
‘.

AN
2
o
2
b
N
ol
r )
o
it
of
:‘.’é
o
ll
o
N
2
=
2
>
r [¢3
5
2
i

ﬁﬂ“OﬂH 21
SHRAL N A
olgrolnE Tﬂxloﬂam 23128 492 918 el s
A @ 4 Qv THEoE AR89 feltt.
e ABA 92 FUOE 2= AT 20l o
)3 glom, olefe] B ARSE A/bad, FARAY B
g 915 4434 4SS AFHoE A k. AR
AL AR R o] F S Agst
glom, A3t Avle] B35 ch-i shelM Fedska ik o

7Kg BOIZEYE AES ANE Fpgstel nsts, g ws)
2EY AH9E AAVFSER sk= A9 $4 ZaA

ES F8)oF gt} ol A3 dltte] asy] widd &

I
[N
r

A AFBAROl A7, 53] B71EHF A97A A A
Fad Aol ARehs v vl Ak o3 avg A
A Aol thek ojA4o] Avke AL omgth A9 W
A 7 A=in] wEA S7kePEA SAREE, S5,
T2 A ST AR WA Sl 1 99
S2E I e FiEnh s I 719 AR B
B S Ao ARk Tk o] ATt AGEEA AE7Y
o] FRE F2HL S 9 FAR 21T 5 A °
Ale ARARE A2 AL ke ejvlelt). & A= o]
2 IS VIR AAE 543 A3 21%)4
AU T - e F=o] B4st AA Ssljellr Alzke

A Alo] Bt gl olel 7] JRRAEE A} B
stk s71901e At

Eat 7*5}0}1 zw S Fud = e 2RITxEe] Ak
J7E A=shHS $I3E Mo F

o) 27] 2ge] F837

2
M
2,
4o
x
%
(9
il
rot

R BEEAY U ALK AR A4 - A8 Fo o of A
e AESES 2% e Fav1de] §UT W 43k
ol 8 Q4L AT ] BE| s 2 @
Al A3 ALY i

o1, A7HIES

o} 91717 B2t ATk oA A AV|E HEAR A&
7o) ZAE olE LT} e SABIY. o] AEE Ei) duo
7+ 57271

FA/19% BYAE Fuel BAE B 1
Wb U TRAE 53 BAAY 0, § 8
FAOR A% B0 1 BHUAE Sk 7k ek
4 G H9L Aoun Thew 2tk i) WA
N5e nRsEA HUAe 24 2 ANFUS HEshe

5.:
_l:(l){:;
N 2 ooy m> & X g lo

871g0] Y @i, AYaAEsa Beh Bl £
ool Slsl 2SI 3, i) BFY AAS@HADe] B
B B SLFBAARADE 72 7, dod 47
5 ) % Y DS S el A3 ¢

ABCIRS 25 WA BN ), ) BUTH
AECUAR] ol 28 45, Fadel, G 58 28
W3k FHIAE B MY, 7 4 AR FoldArse]
W7\, B A SO B YRS u, of £FA A%
of wulalel Waske AECIke o WRALAY S} 7,
MRS A1),

cISE tieke HelEel ST HelAlsl gEAsl
BAUg 24, 748 T y2AN} UL At W)

71900l FAAGAES

sl 9L, 3§ 071%711% Hrk= P_Ei %%*’F-Zr g5 5%+

_lz’—hmﬁlﬂ



120 8=79) 729 ek81x] AJ19H 2.3, 20174

Hl, 71 -3k, A, AdA 5) DBTS, ©f DBE %9
SEUE YA A 5 g AeRETt 2 dgs

Uz w2l g A9 AR 24, 395 R&D 9 35

=g EAsk B84 99 vFo] ARk B}, T2l
AE71E oz sk R&DU BPIE Agalat & Qns
AYADE I8l g - AQVTE LA 2712400

o] & Zolt}, B Al Fel tigh d2le AL - 3
2171 18l = - 9] ARl AR FAAkIE AT
osle Aol Fasitt oljgt g 7Y F e
7129 Ui X8 3CG AElA 29; Collaboration—
Convergence—Creation—Globalization) &S A|Qts] o},

AF7HA 7371=e] ARl A dt 9 EAE S B
= 771 Afeid Ao & IEsE 9l §iEA] A3
=ojof & aie] HANFA, ] FHAAE =BT o]
g FAARIEC] FF A7 el Aol A&rkset
el Aegt B W, AR A7E Dolsle 5Y
AHE FHshe 71559 4 7)o R Aeuidsks
t =80] =7]1E vt

o rff Lo i

References

Council of Fashion Designers of Korea. (2015). K-#47 £jz}¢] 22/
=] Z4] BeF [Construction proposal of K-fashion design village].
Seoul: Author.

Federation of Korean Industries. (2015). &/8/ 2% 5/ Al2f
AJAFE [Case and implication of overseas renaissance manufacturing
industry]. Retrieved April 20, 2016, from http:/www.fki.orkr/
Common/Download.aspx?id=c0c7f7a2-e6da-4d3f-ac64-
ee3085b73158

Gyeonggi branch office of the Bank of Korea. (2011). 37/ H2%/
/o] A e BRH A EERE N0029000) [Current
state and development subject of North Gyeonggi regional
textile industry (Registration No. N0029000)]. Retrieved February
12, 2016, from http:/dl.bok.orkr/search/Detail View.ax?cid=420787

Gyeonggi Textile Industries Association. (2016). 2574 Z7)/%= 4
7Y 58 57 F87F [Second 5 years plan to boost
Gyeonggi textile industry]. Yangju: Author.

Korea Development Bank. (2015). 2016Y 4/H]=x} &3} [Status of
facility investment in the year 2016]. Retrieved October 11,
2016, from https://rd.kdb.co.kr/er/wems.do?actionld&=ADERERER
WCEO03&contentPage=/er/er/et/ERER27100012_01RS jsp

Korea Economic Research Institute. (2015). #/-2://<) rse =
ANFYE Hw 2 GG A715-19) [International
competitiveness comparison analysis of South Korea, China
and Japan and policy proposal (Policy Research-15-19)].
Retrieved March 12, 2016, from https:/www.keri.org/web/

www/research_0201?p p id=EXT BBS& EXT BBS struts
action=%2Fext%2Fbbs%2Fview_message& EXT BBS_messagel
d=350510

Korea Federation of Small and Medium Business. (2015). 2015
T EAEA EZA] [Survey on SME technology &
R&D 2015]. Retrieved February 25, 2016 from https:/
www.kbiz.orkr/user/nd47458.do?View&boardNo=00033291

Korea Federation of Textile Industries. (2012). EU /%9 &
[EU textile industry trend]. Retrieved April 6, 2016, from http:/
www.kofoti.or.kr/OpBoard/View.asp?Code=globalreport&Uid=5

Korea High Tech Textile Research Institute. (2016). =5/
7 7#¢ 27) [Introduction of Korea High Tech Textile Research
Institute]. Yangju: Author.

Korea International Trade Association. (2016). Change in average
annual increase and world ranking of textile and clothing export-
import amount. Retrieved June 7, 2016, from http://stat.kita.net/
stat/kts/ctr/CtrTotallmpExpList.screen

Korea Institute for Industrial Economics & Trade. (2016a). %/ &7/ &/
ol FAYE A 75 QF [Strategy for constructing
innovation system of regional industrial-technology]. Retrieved
December 3, 2016, from http://www.kiet.re.kr/kiet web/
index.jsp?sub_num==8&state=view&idx=51957&

Korea Institute for Industrial Economics & Trade. (2016b). &= +/
FIL] FERSI} S KAL) WS (o) Fo]H
2016-399) [Structural change of China textile industry and
coping strategy of Korea textile industry (ISSUE PAPER 2016-
399)]. Retrieved November 25, 2016, from https:/library.kiet.re.kr/
_modules/_core.KrmsSearchDetail/mbDownload.php?control
no=40431

Statistics Korea. (2016a). Number of companies in domestic textile
industry. Retrieved March 10, 2016, from http://kosis.kr/ups/
ups_01List.jsp

Statistics Korea. (2016b). Proportion change of textile manufacturer
with over 10 employees within Gyeonggi province in the past 4
years. Retrieved March 22, 2016, from http:/kosis.kt/
statisticsList/statisticsList_01List.jsp?vwcd=MT_ZTITLE&parm
Tabld=M 01 01#SubCont

Textile & Apparel Industry Skills Council. (2015). &% 3+¢7
o/Z/4=5 &8} 74 [Actual survey and analysis on demand
and supply of manpower in textile & apparel industry].
Retrieved from May 28, 2016, http:/www.hrdkorea.or.kr/cms/
download/downloadFile.hrd?attachSeq=2035167

“Vietnam, clothing rises to maximum export item’. (2010, January 7).
KOTRA overseas market news. Retrieved July 27, 2016, from
https://news.kotra.or.kr/user/globalBbs/kotranews/4/
globalBbsDataView.do?setldx=243&datal dx=94981

(Received 11 January 2017; 1st Revised 18 February 2017
2nd Revised 24 February 2016; Accepted 15 March 2017)



