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Abstract	
The	 lack	of	 intermediate	 input	 information	 in	China's	 industrial	enterprise	database	
after	2008	makes	the	research	on	micro	industrial	organization	face	a	bottleneck.	Based	
on	the	property	that	the	production	function	of	enterprises	has	a	certain	stability	in	the	
short	 term,	 this	paper	 takes	 the	manufacturing	enterprises	 from	1998	 to	2013	 in	 the	
Database	of	Chinese	industrial	enterprises	as	samples,	and	estimates	the	intermediate	
input	of	enterprises	from	2008	to	2010	and	2012	to	2013	by	using	the	total	industrial	
output	value	and	intermediate	input	information	from	1998	to	2007	as	well	as	the	total	
industrial	output	value	information	from	2008	to	2010	and	2012	to	2013.	In	order	to	test	
whether	the	estimation	method	presented	 in	this	paper	will	produce	 large	errors,	we	
also	use	this	method	to	estimate	the	intermediate	inputs	from	1998	to	2007	and	compare	
them	with	the	observed	values	of	the	intermediate	inputs	in	corresponding	years.	It	is	
found	that	the	estimated	intermediate	inputs	are	distributed	symmetrically	on	and	close	
to	the	observed	intermediate	inputs	line.	Our	study	is	helpful	for	scholars	to	estimate	the	
production	function	of	enterprises	by	using	the	data	from	2008	to	2013,	so	as	to	carry	
out	relevant	researches.	
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1. Introduction	

The	 database	 of	 Chinese	 industrial	 enterprises	 is	 established	 by	 the	 National	 Bureau	 of	
Statistics	 of	 China.	 It	 contains	 all	 state‐owned	 industrial	 enterprises	 and	 non‐state‐owned	
industrial	enterprises	above	designated	size.	The	database	contains	the	vast	majority	of	China's	
industrial	 enterprises.	 At	 present,	 besides	 the	 economic	 census	 database,	 the	 database	 of	
Chinese	 industrial	 enterprises	 is	 the	 largest	 enterprise	 database	 available	 in	 China.	 The	
advantages	of	this	database	are	obvious,	which	are	embodied	in	the	following	aspects:	First,	its	
sample	is	large,	covering	all	state‐owned	industrial	enterprises	and	non‐state‐owned	industrial	
enterprises	above	designated	size	in	China.	Second,	its	indicators	are	rich,	including	the	basic	
situation	and	financial	data	of	enterprises,	such	as	enterprises	code,	name,	address,	industry,	
ownership,	intermediate	input	(missing	in	2008	and	subsequent	years),	industrial	total	output	
value,	export	delivery	value	and	so	on.	Third,	it	covers	a	longer	period	of	time.	Starting	from	
1998,	the	database	has	been	updated	to	2013.	Due	to	the	unique	advantages	of	this	database,	it	
has	been	used	by	a	 large	number	of	economists	 in	recent	years.	Research	papers	using	 this	
database	cover	subjects	such	as	industrial	organization	theory,	firm	theory,	corporate	finance,	
transformation	economics,	 international	 trade,	 labor	economics	and	regional	economics	 [1].	
The	database	of	Chinese	industrial	enterprises	provides	indispensable	materials	for	the	study	
of	microeconomic,	but	it	is	not	perfect,	and	one	of	its	problems	is	the	lack	of	indicators.	
The	information	of	manufacturing	enterprises	in	the	database	from	1998	to	2007	includes	total	
industrial	 production	 value,	 industrial	 added	 value,	 number	 of	 employees,	 total	wage,	 total	
fixed	 assets,	 intermediate	 input,	 etc.	 Scholars	 can	 use	 this	 information	 to	 estimate	 the	
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production	function	of	an	enterprise,	so	as	to	carry	out	researches	related	to	variables	such	as	
productivity	and	markup	[2‐3].	However,	the	data	of	industrial	enterprises	from	2008	to	2013	
lacks	 the	 information	 of	 intermediate	 input	 and	 industrial	 added	 value,	 which	 makes	 it	
impossible	for	scholars	to	effectively	estimate	the	production	function	of	enterprises.	Therefore,	
most	scholars	limit	the	data	of	industrial	enterprises	to	the	period	from	1999	to	2007	when	
studying	related	problems.	For	example,	[4]	calculated	the	productivity	of	Chinese	industrial	
enterprises	from	1999	to	2007	by	using	the	least	square	method,	fixed	effect	method,	OP,	LP.	
[5]	used	the	data	of	Chinese	industrial	enterprises	from	1999	to	2007	to	explain	the	mystery	of	
low‐price	export	of	Chinese	enterprises	from	the	perspective	of	enterprise	markups.	[6]	used	
the	data	of	all	manufacturing	enterprises	from	2001	to	2007	to	study	the	impact	of	financial	
marketization	and	financing	constraints	on	the	cost	plus	of	enterprises.	If	the	information	of	
intermediate	 input	 of	 Chinese	 industrial	 enterprises	 from	 2008	 to	 2013	 can	 be	 estimated	
effectively,	 then	 the	relevant	research	related	 to	 intermediate	 input,	enterprise	productivity	
and	markup	can	be	extended	to	2013,	which	will	be	more	helpful	for	the	analysis	of	relevant	
problems	after	2008.	
Based	on	the	fact	that	the	production	function	of	enterprises	is	stable	in	the	short	term,	this	
paper	takes	the	manufacturing	industry	of	Chinese	industrial	enterprises	database	from	1998	
to	 2013	 as	 the	 sample,	 and	 uses	 the	 information	 of	 industrial	 total	 output	 value	 and	
intermediate	input	from	1998	to	2007	as	well	as	the	information	of	industrial	total	output	value	
from	2008	to	2010	and	from	2012	to	2013	to	estimate	the	intermediate	input	of	enterprises	
from	2008	to	2010	and	from	2012	to	2013.In	order	to	test	whether	the	estimation	method	in	
this	paper	will	produce	large	errors,	we	also	use	this	method	to	estimate	the	intermediate	input	
from	1998	to	2007	and	compare	it	with	the	observed	intermediate	input	in	the	corresponding	
years.	 It	 is	 found	 that	 the	 estimated	 intermediate	 input	 is	 symmetrically	distributed	on	 the	
observed	intermediate	input	line	and	is	close	to	the	observed	intermediate	input.	The	following	
arrangement	of	this	paper	is	as	follows:	the	second	part	is	the	relevant	literature	review,	the	
third	part	is	the	estimation	methods	and	results	of	enterprise	intermediate	input	from	2008	to	
2013,	and	the	fourth	part	is	the	conclusion.	

2. Literature	Review	

Related	to	this	study	are	the	following	categories	of	literature:	The	first	category	is	about	the	
use	 of	 the	 databases	 of	 Chinese	 industrial	 enterprises.	 The	 second	 category	 is	 about	 the	
relationship	between	enterprise	productivity	estimation	and	intermediate	input	information.	
The	third	category	is	the	relationship	between	enterprise	markup	estimation	and	intermediate	
input.	The	fourth	category	is	the	research	on	the	topic	of	intermediate	input.	We	will	elaborate	
from	these	four	aspects	respectively.		
The	 usage	 of	 the	 database	 of	 Chinese	 industrial	 enterprises.	 Scholars	 have	 obtained	many	
outstanding	 achievements	 in	 economics	 by	 using	 the	 data	 of	 Chinese	 industrial	 enterprise	
database.	For	example,	in	terms	of	enterprise	innovation	research	and	development,	[7]	used	
the	panel	data	of	industrial	enterprises	above	the	specified	size	in	China	from	2001	to	2005	to	
investigate	the	factors	influencing	the	innovation	activities	of	Chinese	enterprises	by	using	the	
Tobit	model,	and	found	that	there	was	an	inverted	U‐shaped	relationship	between	enterprise	
innovation,	scale	and	market	competition.	In	terms	of	international	trade,	[8]	used	the	data	of	
manufacturing	enterprises	from	1999	to	2003	to	find	that	export	is	conducive	to	enterprises'	
TFP	improvement.	That	is,	export	has	a	"learning	effect".	[9]	investigated	the	influence	of	factor	
market	distortion	on	the	domestic	value‐added	ratio	of	Chinese	export	enterprises	by	using	the	
data	of	Chinese	industrial	enterprise	database	and	customs	trade	database	from	2000	to	2006,	
and	found	that	factor	market	distortion	significantly	increased	the	domestic	value‐added	ratio	
of	 Chinese	 export	 enterprises.	 In	 terms	 of	 industrial	 agglomeration,	 [10]	 investigated	 the	
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impact	of	industrial	agglomeration	on	enterprises	and	found	that	industrial	agglomeration	has	
a	significant	positive	impact	on	enterprise	scale.	In	terms	of	markup	and	productivity,	[11]	used	
the	data	of	all	state‐owned	enterprises	and	non‐state‐owned	enterprises	above	designated	size	
during	 1998‐2007	 to	 study	 the	 impact	 of	 China's	 accession	 to	 the	 WTO	 on	 markup	 and	
productivity	of	manufacturing	enterprises.	It	is	found	that	cutting	production	tariff	reduces	the	
markup	 and	 improves	 the	 productivity	 of	 enterprises.	 The	 reduction	 of	 input	 tariffs	 also	
increased	the	markup	and	productivity	of	enterprises.	
	The	total	factor	productivity	(TFP)	and	intermediate	input.	The	total	factor	productivity	of	an	
enterprise	 is	 generally	 interpreted	as	 the	 "residual"	part	of	 total	output	after	deducting	 the	
contribution	 of	 factor	 inputs.	 For	 example,	 output	 growth	 due	 to	 non‐factor	 inputs	 such	 as	
technological	progress	or	system	improvement.	Total	factor	productivity	is	a	micro	concept	at	
the	enterprise	level.	Therefore,	theoretically,	it	should	be	estimated	from	the	fitting	production	
function	 of	 enterprises.	that	 is,	 the	 coefficient	 of	 each	 factor	 should	 be	 estimated	 using	
enterprises	output	and	input	information,	so	as	to	get	the	remaining	part	after	deducting	the	
contribution	of	factors	‐‐‐Total	factor	productivity.	However,	in	the	early	stage,	due	to	the	lack	
of	micro	data,	the	estimation	of	total	factor	productivity	was	mainly	carried	out	from	the	macro	
level	 of	 the	 country	 or	 industry.	For	 example,	 [12‐13],	 studied	 the	 situation	 and	 changes	 of	
China's	 total	 factor	productivity	 from	 the	perspective	of	 economic	 growth.	 [14]	 studied	 the	
growth	of	total	factor	productivity	in	37	double‐digit	industries	in	China	from	1995	to	2002.	
The	method	 to	 estimate	 total	 factor	 productivity	 at	 the	macro	 level	 only	 uses	macro	 factor	
inputs	 such	as	 total	 fixed	asset	 investment	 and	employed	population,	which	 can	 still	 reveal	
national	differences	in	economic	performance	in	the	absence	of	micro	enterprise	statistical	data,	
but	cannot	answer	micro	questions	such	as	which	domestic	enterprises	are	more	efficient	in	
production	and	operation.	With	micro	data	acquisition,	there	are	more	and	more	scholars	start	
from	the	micro	level	to	estimate	the	total	factor	productivity	of	the	enterprise.	For	example,	[15]	
used	 the	data	of	 industrial	enterprises	above	designated	size	 in	China	during	1998‐2005	 to	
estimate	the	TFP	of	enterprises	by	parametric	method;	[8]	used	the	industrial	data	of	all	state‐
owned	and	non‐state‐owned	enterprises	above	designated	size	during	1999‐2003	to	estimate	
the	TFP	of	enterprises	by	non‐parametric	OP	method.	From	micro	level	to	estimate	the	total	
factor	 productivity	 of	 enterprises	 should	 use	 enterprise	 microscopic	 information	 such	 as	
output	and	inputs.	For	example,	the	fixed	effect	estimation	method	uses	information	such	as	
industrial	added	value,	fixed	assets	and	employee	size	of	an	enterprise.	OP	method	further	uses	
current	 investment	 as	 the	 proxy	 variable	 of	 unobserved	 productivity	 shocks	 to	 solve	 the	
simultaneity	problem,	while	LP	uses	 intermediate	 inputs	 instead	of	 investment	as	the	proxy	
variable	of	unobserved	productivity	shocks.	The	generalized	moment	method	(GMM)	also	uses	
the	 information	of	enterprise	output,	 fixed	assets,	employees,	 intermediate	 input	and	so	on.	
Thus,	it	can	be	seen	that	enterprise	output	and	input	information,	such	as	industrial	added	value	
and	intermediate	input,	are	necessary	to	estimate	enterprise	total	factor	productivity.	
Enterprise	markup	and	 intermediate	 input.	Markup	rate	 is	defined	as	 the	deviation	of	price	
from	marginal	cost,	which	is	usually	used	to	describe	the	market	structure	and	measure	the	
market	power	of	an	enterprise.	There	are	two	main	methods	to	measure	the	enterprise	markup:	
accounting	method	and	production	function	method.	In	the	accounting	method,	the	added	value,	
wage	expenditure	and	 intermediate	 input	of	an	enterprise	are	used	to	calculate	the	markup	
[16].	Due	to	the	short	life	span	of	data	samples	in	China,	estimation	results	using	accounting	
methods	are	not	affected	by	the	economic	cycle	and	external	shocks	[5].	However,	[17]believed	
that	due	to	the	different	accounting	methods	used	to	deal	with	fixed	costs,	there	was	no	stable	
time	series	relationship	between	markup	and	profit.	The	production	function	method	estimates	
the	production	function	of	enterprises	by	using	the	information	of	enterprises	output	and	input,	
and	then	calculates	the	markup	of	enterprises	according	to	the	formula	derived	from	the	cost	
minimization	condition.	[18]	used	this	method	to	estimate	the	markup	of	enterprises.	As	can	be	
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seen	 from	above,	 both	 the	 accounting	method	 and	 the	production	 function	method	use	 the	
information	of	enterprises	 industrial	added	value	or	 intermediate	 input	 in	 the	estimation	of	
enterprises	 markup,	 so	 the	 lack	 of	 information	 of	 enterprises	 intermediate	 input	 poses	 a	
challenge	to	the	estimation	of	enterprises	markup.	
Research	on	intermediate	input	of	enterprises.	In	addition	to	assisting	scholars	in	estimating	
total	 factor	 productivity	 and	 markup,	 there	 are	 many	 researches	 directly	 related	 to	 firm	
intermediary	 input.	 For	 example,	 many	 scholars	 have	 studied	 the	 relationship	 between	
intermediate	goods	import	and	the	productivity	and	performance	of	enterprises	from	different	
perspectives	[19‐24].	Recently,	[25]	discussed	the	relationship	between	intermediate	tradable	
goods	liberalization,	market	structure,	and	firms’	markup.	[26]	explained	the	"quality	change	
puzzle"	by	combining	the	complementarity	of	labor	skill	input	and	intermediate	input	quality	
of	enterprises,	that	is,	the	increase	in	the	proportion	of	college	students	employed	by	Chinese	
enterprises	did	not	bring	about	significant	improvement	in	the	quality	of	export	products.	
As	can	be	seen	from	the	literature	review	above,	the	database	of	Chinese	industrial	enterprises	
has	been	widely	used	in	the	field	of	economics	and	has	made	a	great	contribution	to	the	analysis	
of	China's	economic	problems.	The	index	of	enterprise	intermediate	input	information	in	China	
Industry	Database	 is	 necessary	 for	 scholars	who	want	 to	 use	 the	 database	 for	 productivity	
estimation,	markup	estimation	or	research	directly	related	to	intermediate	input.	However,	the	
lack	of	intermediate	input	information	from	2008	to	2013	has	made	it	difficult	for	scholars	to	
analyze	 relevant	 issues	 in	 these	 years.	 Therefore,	 putting	 forward	 an	 effective	 method	 to	
estimate	the	input	of	intermediate	factors	in	these	years	will	be	helpful	for	scholars	to	study	
and	analyze	related	problems.	

3. Methods	and	Results	of	Intermediate	Input	Estimation		

Because	the	output	of	an	enterprise	is	determined	by	the	input	and	the	production	function	of	
the	enterprise,	and	the	production	function	of	enterprise	is	stable	in	time.	Therefore,	we	can	
use	the	information	of	intermediate	inputs	of	enterprises	from	1998	to	2007	to	estimate	the	
intermediate	inputs	of	enterprises	from	2008	to	2013.The	estimation	method	only	requires	the	
premise	that	enterprises	seek	to	minimize	costs.	

Specifically,	assumed	that	the	production	function	of	firm	i	 in	period	t	 is	 ( , , )it it it it itY F L K M ,	
where it it itL K M、 、 	are	labor,	capital	and	intermediate	input	respectively.	Enterprises	pursue	
cost	 minimization.	 Considering	 the	 associated	 cost	 minimization	 problem,	 the	 Lagrange	
function	is:	
	

   , , ( ,= , )it it it it it it it it it it it it it ititL K M L r K t M Y F Lw K M    																														(1)	

	
Where,	 itw , itr 	and	 itt are	the	prices	of	 labor,	capital	and	intermediate	goods	respectively.	The	
Lagrange	multiplier it itY    	reflects	the	marginal	cost	of	the	firm.	According	to	the	first‐
order	condition	of	cost	minimization,	enterprises'	demands	for	intermediate	goods	meet	the	
following	requirements:	
	

  0itit it it itM t F M       																																																													(2)	

	
According	to	Equation	(2),	the	intermediate	input	of	an	enterprise	can	be	obtained	as	follows:	
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																																																									(3)	

	

Where	Pit	is	the	price	of	enterprise	products.	Denote	      it it it it it it it it it ii ttF M M Y P t M P Y     ,	

that	is,	 it 	is	the	ratio	of	the	intermediate	input	to	the	total	output	value	of	the	enterprise,	and	

it	changes	at	the	level	of	the	enterprise‐year.	In	particular,	we	want	to	know	whether it varies	
significantly	from	year	to	year	for	any	given	enterprise,	and	if	so,	what	is	the	trend?	
In	order	to	solve	this	problem,	we	use	the	data	of	industrial	enterprises	from	1998	to	2007,	take	
the	variable	"total	intermediate	input"	as	the	intermediate	goods	expenditure	of	the	enterprise,	
the	variable	"total	industrial	output	value"	as	the	total	output	value	of	the	enterprise,	and	set	

it 	as	the	ratio	of	the	two	variables.	In	the	calculation	process,	due	to	the	measurement	error	of	
the	data	and	 the	unexpected	random	shocks,	 the	 logarithm	of	 the	observed	 industrial	gross	
output	 value	 is	 lnit it it ity P Y   ,	 where	 it is	 the	 independent	 identical	 distribution	 (i.i.d)	
random	shocks.	In	order	to	eliminate	the	influence	of	non‐observable	errors	on	total	output	
value,	we	refer	to	the	practice	of	[18],	and	assume	that	the	specific	production	function	of	an	
enterprise	is	in	the	form	of	Translog	(hereinafter	referred	to	as	Translog),	that	is:	
	

2 2 2yit l it k it m it ll it kk it mm it

lk it it km it it lm it it lkm it it it it it

l k m l k m

l k k m l m l k m

     
     
     

     
																																													(4)	

	
Where	 lowercase	 letters	 are	 the	 natural	 logarithm	 of	 the	 corresponding	 variable,	 such	 as

lnit it itm t M .	ωit	is	the	non‐observable	heterogeneity	productivity	of	the	enterprise.	Referring	
to	[27],	we	selected	intermediate	material	 input	(m)	and	capital	(k)	to	control	unobservable	
productivity,	i.e	  ,it it it ith m k  .  ith  is	still	in	Translog	form	([28]	used	firm	investment	as	a	
proxy	 for	 productivity,	 while	 [27]	 used	 intermediate	 input	 as	 a	 proxy	 for	 productivity.).	
Therefore,	in	order	to	obtain it ,	we	took	the	logarithm	of	industrial	gross	output	value ity 	as	

the	 dependent	 variable	 and 2 2 2( , , , , , , , , , )it it it it it it it it it it it it it it itl k m l k m l k k m l m l k m as	 the	 independent	
variable	to	make	OLS	regression	for	each	2‐bit	code	industry,	and	took	the	regression	residual	

as	 the	 estimated	 value	 of it .	 After	 it 	is	 estimated,	 then   expit it it it it itt M PY  .Table	 1	

shows	the	distribution	of	 it 	in	each	industry,	from	which	it	can	be	seen	that	90%	of	enterprises’	

value	of	 it 	is	between	0.55	and	0.9.	

In	order	to	observe	whether it has	a	great	difference	in	different	years,	for	each	enterprise,	we	

use	the	difference	between	the	maximum	and	minimum	value	of it 	,    max mini it it    ,	to	
measure	the	variation	of	A	from	1998	to	2007.	As	can	be	seen	from	Table	2,	during	the	period	
1998‐2007,	 although	 the	value	of	 it 	of	 enterprises	has	 certain	 changes,	 the	 change	of	 it of	
more	than	half	of	enterprises	is	less	than	0.1.	
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Table	1.	Distribution	of	 it (the	ratio	of	intermediate	inputs	to	gross	industrial	output	value)	

Industry	 p5	 p25	 p50	 p75	 p95	
13	 .595	 .719	 .754	 .801	 .867	
14	 .61	 .712	 .739	 .781	 .836	
15	 .563	 .67	 .711	 .759	 .815	
16	 .389	 .501	 .589	 .675	 .78	
17	 .648	 .741	 .773	 .802	 .852	
18	 .557	 .698	 .75	 .789	 .847	
19	 .609	 .711	 .754	 .793	 .852	
20	 .615	 .715	 .746	 .782	 .85	
21	 .615	 .723	 .757	 .789	 .837	
22	 .652	 .742	 .772	 .797	 .832	
23	 .55	 .676	 .73	 .768	 .816	
24	 .591	 .718	 .763	 .795	 .845	
25	 .608	 .719	 .764	 .8	 .852	
26	 .605	 .725	 .762	 .797	 .854	
27	 .54	 .666	 .707	 .746	 .8	
28	 .703	 .767	 .8	 .826	 .857	
29	 .608	 .721	 .754	 .788	 .841	
30	 .623	 .739	 .776	 .807	 .857	
31	 .596	 .701	 .738	 .769	 .815	
32	 .647	 .741	 .777	 .808	 .859	
33	 .619	 .738	 .79	 .828	 .888	
34	 .614	 .732	 .772	 .803	 .863	
35	 .614	 .722	 .754	 .783	 .84	
36	 .585	 .702	 .734	 .773	 .838	
37	 .584	 .721	 .756	 .789	 .854	
39	 .62	 .738	 .777	 .805	 .86	
40	 .524	 .695	 .759	 .805	 .894	
41	 .54	 .689	 .735	 .78	 .865	
42	 .588	 .694	 .745	 .785	 .844	
43	 .508	 .699	 .796	 .857	 .916	

Note:	 P5,	 P25,	 P50,	 P75,	 and	 P95	 represent	 the	 5th,	 25th,	 75th,	 and	 95th	 percentiles,	
respectively.	
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Table	2.	Distribution	of	 i 	(the	difference	of	the	ratio	of	intermediate	input	to	industrial	gross	
output	value	from	1998	to	2007)	

Industry	 p5	 p25	 p50	 p75	 p95	
13	 0	 .03	 .065	 .121	 .251	
14	 0	 .024	 .06	 .111	 .199	
15	 0	 .033	 .08	 .135	 .251	
16	 0	 .062	 .114	 .175	 .272	
17	 0	 .023	 .052	 .095	 .204	
18	 0	 .032	 .076	 .136	 .307	
19	 0	 .03	 .065	 .114	 .242	
20	 0	 .015	 .048	 .095	 .21	
21	 0	 .024	 .053	 .096	 .204	
22	 0	 .024	 .049	 .083	 .187	
23	 0	 .029	 .063	 .106	 .221	
24	 0	 .03	 .068	 .12	 .262	
25	 0	 .031	 .065	 .113	 .229	
26	 0	 .03	 .065	 .115	 .238	
27	 0	 .042	 .088	 .138	 .28	
28	 0	 .025	 .046	 .077	 .161	
29	 0	 .029	 .067	 .114	 .231	
30	 0	 .026	 .06	 .105	 .233	
31	 0	 .026	 .059	 .102	 .221	
32	 0	 .027	 .057	 .104	 .208	
33	 0	 .028	 .066	 .116	 .239	
34	 0	 .025	 .059	 .109	 .234	
35	 0	 .022	 .053	 .098	 .21	
36	 0	 .024	 .06	 .113	 .228	
37	 0	 .025	 .06	 .11	 .232	
39	 0	 .026	 .063	 .114	 .243	
40	 0	 .036	 .091	 .163	 .332	
41	 0	 .034	 .085	 .152	 .291	
42	 0	 .028	 .064	 .112	 .235	
43	 0	 .017	 .074	 .139	 .275	

Note:	 P5,	 P25,	 P50,	 P75,	 and	 P95	 represent	 the	 5th,	 25th,	 75th,	 and	 95th	 percentiles,	
respectively.	

	

In	order	to	intuitively	observe	the	change	of	the	value	of	 it 	with	years,	we	take	the	mean	of	 it 	

by	industry‐year.	Figure	1	shows	the	change	of	the	mean	of	 it in	each	sector	from	1998	to	2007.	

As	can	be	seen	from	Figure	1,	 it 	shows	a	downward	trend	in	other	industries	except	industry	
23.	
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Figure	1.	The	trend	of	the	industry	average	of	the	ratio	of	intermediate	input	to	industrial	
gross	output	value	from	1998	to	2007	
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According	to	Table	2	and	Figure	1,	we	believe	that	 it has	a	downward	trend.	In	order	to	depict	

the	 change	of	 it with	 time	more	 specifically,	we	 took	1998	 as	 the	base	 year	 to	 explore	 the	

influence	of	the	distance	between	the	observation	year	and	the	base	year	on	 it .	Specifically,	
we	defined t to	be	equal	to	the	observed	year	minus	1998,	and	performed	the	following	OLS	
regression	for	each	department:	
	

0 1it i itt         																																																															(5)	

	

Where	 i 	is	the	firm	fixed	effect,	and	 it 	is	the	random	error.	Table	3	presents	the	coefficients	

and	their	t	statistics	for	each	industry.	As	can	be	seen	from	the	table,	 1 	is	significantly	negative	
and	between	‐0.005	and	‐0.015,	which	 indicates	 that	 it 	decreases	about	0.005	to	0.015	per	
year.	
	

Table	3.	Influence	of	distance	between	observation	year	and	base	year	on it 	(the	ratio	of	
intermediate	input	to	gross	industrial	output	value)	

Industry	
The	coefficient	of	

t 	
The	value	of	
statistic	t	

Industry
The	coefficient	of	

t 	
The	value	of	
statistic	t	

13	 ‐0.014***	 ‐126.30	 28	 ‐0.005***	 ‐20.00	

14	 ‐0.013***	 ‐113.01	 29	 ‐0.010***	 ‐44.33	

15	 ‐0.015***	 ‐76.55	 30	 ‐0.008***	 ‐60.98	

16	 ‐0.011***	 ‐19.26	 31	 ‐0.007***	 ‐88.21	

17	 ‐0.008***	 ‐94.92	 32	 ‐0.008***	 ‐46.74	

18	 ‐0.009***	 ‐55.38	 33	 ‐0.009***	 ‐37.04	

19	 ‐0.009***	 ‐55.83	 34	 ‐0.009***	 ‐68.48	

20	 ‐0.011***	 ‐48.34	 35	 ‐0.009***	 ‐97.75	

21	 ‐0.006***	 ‐24.29	 36	 ‐0.012***	 ‐97.19	

22	 ‐0.006***	 ‐50.19	 37	 0.010***	 ‐84.06	

23	 ‐0.007***	 ‐50.81	 39	 ‐0.009***	 ‐84.06	

24	 ‐0.007***	 ‐28.38	 40	 ‐0.012***	 ‐61.02	

25	 ‐0.006***	 ‐19.75	 41	 ‐0.015***	 ‐62.06	

26	 ‐0.010***	 ‐108.48	 42	 ‐0.007***	 ‐32.14	

27	 ‐0.011***	 ‐66.55	 43	 ‐0.013***	 ‐6.13	

	

By	doing	the	regression	of	Equation	(5),	we	prove	that	 it has	a	slight	downward	trend.	Next,	in	

order	to	purify	the	time	trend	of	 it ,	we	make	the	following	regression	for	each	industry:	

	
2

0 1 2it itt t          																																																														(6)	
	

Where 2
1 2t t    is	the	influence	of	time	trend	on	 it .	we	subtracted	this	item	from	 it 	to	get	

the	ratio	of	intermediate	input	expenditure	to	industrial	gross	output	value	after	removing	time	
trend	and	denoted	it	as	it ,	that	is 2

1 2 0=it it itt t           .	We	then	take	the	mean	of	it 	
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from	1998	to	2007	for	each	enterprise,	 i ,	as	the	ratio	of	intermediate	input	to	gross	industrial	
output	value	of	each	enterprise	after	removing	the	time	trend.	To	get	an	estimate	of	the	ratio	of	
intermediate	inputs	to	gross	industrial	output	from	2008	to	2013,	including	the	time	trend,	we	
add	 i 	to	 the	 corresponding	 time	 trend	 for	 each	 year,	 i.e.  2

1 2it i t t        .With	 this	
estimate,	we	can	use	the	total	industrial	output	for	2008‐2011	and	2012‐2013	to	estimate	the	
intermediate	input	for	2008‐2013.	
Before	 estimating	 intermediate	 inputs	 from	 2008	 to	 2013,	 we	 first	 examine	 the	 difference	
between	intermediate	inputs	estimated	using	this	method	and	observed	intermediate	inputs	
using	data	from	1998	to	2007.	It	is	worth	pointing	out	that	for	every	true	intermediate	input	
observed	from	the	data,	there	is	an	estimated	intermediate	input	corresponding	to	it.	Now,	we	
arrange	the	data	for	each	year	in	ascending	order	of	intermediate	input	observations,	noting	
that	after	sorting,	the	true	value	of	each	intermediate	input	still	corresponds	to	its	estimated	
value.	In	Figure	2,	we	set	the	sort	number	as	the	abscissa,	the	observations	and	estimates	of	
intermediate	inputs	as	the	ordinate.	Due	to	large	sample,	the	intermediate	input	values	in	the	
two‐dimensional	coordinate	characterized	by	a	smooth	curve	on	the	graph	(solid	curve	on	the	
graph),	and	because	of	the	estimation	error,	the	estimate	of	the	corresponding	intermediate	
input	fall	above	or	below	the	observed	value	(scattered	points	on	the	graph).	Therefore,	the	
vertical	 distance	 between	 the	 true	 value	 of	 each	 intermediate	 input	 and	 the	 corresponding	
estimated	 value	 measures	 the	 effectiveness	 of	 the	 estimation	 method	 in	 this	 paper.	If	 the	
vertical	distance	between	the	true	value	of	each	intermediate	input	and	the	estimated	value	is	
small,	then	the	estimation	method	in	this	paper	is	effective.	If	not,	the	error	is	large.	It	can	be	
seen	 intuitively	 from	 this	 figure	 that	 the	 estimated	 intermediate	 input	 is	 symmetrically	
distributed	on	 the	observed	 intermediate	 input	 line,	 and	 the	estimated	value	 is	 close	 to	 the	
observed	value.	Therefore,	the	estimation	method	in	this	paper	is	effective.	

	

Figure	2.	Observations	and	estimates	of	intermediate	inputs	from	1998	to	2007	
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To	 get	 an	 accurate	 measure	 of	 the	 difference	 between	 the	 two,	 we	 calculate	 the	 variable	

   it it it it it it it itt M t M t M t M   .	Table	4	shows	  it itt M 	for	each	industry.	From	this	table,	we	

know	that	approximately	50%	of	the	estimates	differ	from	the	observed	value	by	less	than	2.5%,	
and	 approximately	 90%	 of	 the	 estimates	 differ	 from	 the	 observed	 value	 by	 less	 than	 10%.	
Therefore,	the	intermediate	input	estimated	by	this	method	does	not	produce	large	error.	

	
Table	4.	Differences	between	estimated	and	observed	intermediate	inputs	from	1998	to	2007	

Industry	 p5	 p25	 p50	 p75	 p95	
13	 ‐.079	 ‐.023	 0	 .019	 .095	
14	 ‐.064	 ‐.018	 0	 .017	 .07	
15	 ‐.082	 ‐.023	 0	 .022	 .099	
16	 ‐.106	 ‐.04	 0	 .044	 .135	
17	 ‐.064	 ‐.019	 0	 .016	 .077	
18	 ‐.099	 ‐.029	 0	 .023	 .135	
19	 ‐.073	 ‐.022	 0	 .018	 .089	
20	 ‐.073	 ‐.02	 0	 .015	 .081	
21	 ‐.068	 ‐.018	 0	 .019	 .085	
22	 ‐.061	 ‐.017	 0	 .014	 .07	
23	 ‐.083	 ‐.024	 0	 .026	 .104	
24	 ‐.083	 ‐.024	 0	 .02	 .104	
25	 ‐.077	 ‐.023	 0	 .021	 .103	
26	 ‐.075	 ‐.022	 0	 .017	 .094	
27	 ‐.09	 ‐.026	 0	 .024	 .123	
28	 ‐.049	 ‐.015	 0	 .015	 .06	
29	 ‐.074	 ‐.023	 0	 .018	 .092	
30	 ‐.076	 ‐.022	 0	 .017	 .091	
31	 ‐.071	 ‐.021	 0	 .019	 .089	
32	 ‐.068	 ‐.02	 0	 .016	 .086	
33	 ‐.08	 ‐.025	 0	 .02	 .103	
34	 ‐.078	 ‐.024	 ‐.001	 .016	 .095	
35	 ‐.067	 ‐.019	 0	 .018	 .083	
36	 ‐.074	 ‐.021	 0	 .019	 .085	
37	 ‐.076	 ‐.021	 0	 .019	 .087	
39	 ‐.075	 ‐.023	 0	 .018	 .094	
40	 ‐.111	 ‐.035	 0	 .027	 .151	
41	 ‐.094	 ‐.03	 0	 .024	 .118	
42	 ‐.077	 ‐.023	 0	 .023	 .104	
43	 ‐.088	 ‐.017	 .003	 .064	 .24	

Note:	 P5,	 P25,	 P50,	 P75,	 and	 P95	 represent	 the	 5th,	 25th,	 75th,	 and	 95th	 percentiles,	
respectively.	
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Next,	 we	 estimate	 intermediate	 inputs	 for	 2008‐2013.	 The	 intermediate	 input	 estimation	

formula	is,	    expit it it it it itt M PY  but	for	2008‐2013,	we	do	not	have  exp it ,	so	we	estimate	

it	in	two	steps.		The	first	step	is	to	get	  exp it .			

We	set	 
it it it it itt M P Y ,	 	 	and	make	the	 logarithm	of	 industrial	gross	output	value	 ity 	perform	

OLS	regression	on	     2 2 2( , , , , , , , , , )itit it it it it it it it it it it it it itl k m l k m l k k m l m l k m to	obtain	the	residual	  exp it 	as	

the	estimated	value	of	  exp it ,	whereitm 	is	 the	 logarithm	ofit itt M .In	 the	second	step	we	set	

    expit it it it it itt M PY  	as	an	estimate	of	the	intermediate	input.	

We	have	now	estimated	intermediate	inputs	for	2008‐2013.	In	Table	5,	we	present	complete	
summary	statistics	of	intermediate	inputs	from	1998	to	2013.Among	them,	the	data	from	1998	
to	2007	were	directly	observed	from	the	database,	and	the	intermediate	input	from	2008	to	
2013	 was	 obtained	 by	 the	 estimation	 method	 in	 this	 paper.	 However,	 the	 estimated	
intermediate	input	was	missing	due	to	the	lack	of	industrial	gross	output	value	in	2011.	

	
Table	5.	Summary	statistics	of	intermediate	input	after	supplement	from	1998	to	2013	
Year	 Sample	size	 Mean	 Standard	error	 Min	 Max	
1998	 148686	 31147.5	 194000	 0	 2.10e+07	
1999	 146094	 33694.56	 217000	 ‐216	 2.24e+07	
2000	 147243	 39292.96	 284000	 ‐51806	 2.51e+07	
2001	 155722	 41647.05	 302000	 0	 2.92e+07	
2002	 165853	 45291.03	 337000	 0	 3.89e+07	
2003	 181174	 53734	 430000	 0	 5.24e+07	
2004	 255768	 52455.24	 456000	 ‐23	 6.96e+07	
2005	 251482	 66250.91	 601000	 ‐4911	 1.19e+08	
2006	 279257	 75055.47	 702000	 ‐85421	 1.48e+08	
2007	 313017	 86127.01	 803000	 ‐972	 1.73e+08	
2008	 275287	 97991.65	 778000	 .566	 1.26e+08	
2009	 209728	 99570.64	 804000	 .26	 1.11e+08	
2010	 285694	 114000	 957000	 .08	 1.42e+08	
2012	 147392	 239000	 1630000	 46.104	 3.04e+08	
2013	 78986	 259000	 1880000	 4.212	 2.50e+08	

Note:	The	intermediate	input	from	1998	to	2007	is	directly	observed	from	the	database,	while	
the	intermediate	input	from	2008	to	2013	is	estimated	using	the	method	in	this	paper.	However,	
the	estimated	intermediate	input	is	missing	due	to	the	lack	of	industrial	gross	output	value	in	
2011.	

4. Conclusion	

This	paper	 takes	 the	manufacturing	 industry	of	China's	 industrial	 enterprise	database	 from	
1998	to	2013	as	the	sample,	and	uses	the	total	industrial	output	value	and	intermediate	input	
of	enterprises	from	1998	to	2007	as	well	as	the	information	of	total	industrial	output	value	from	
2008	to	2010	and	from	2012	to	2013	to	estimate	the	intermediate	input	of	enterprises	from	
2008	to	2010	and	from	2012	to	2013.In	order	to	test	whether	the	estimation	method	in	this	
paper	will	produce	 large	errors,	we	also	use	this	method	to	estimate	the	 intermediate	input	
from	1998	to	2007	and	compare	it	with	the	observed	intermediate	input	in	the	corresponding	
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years.	 It	 is	 found	 that	 the	 estimated	 intermediate	 input	 is	 symmetrically	distributed	on	 the	
observed	intermediate	input	line	and	is	close	to	the	observed	intermediate	input.	Therefore,	
this	paper	effectively	estimated	 the	 information	of	 intermediate	 input	of	enterprises	during	
2008‐2010	and	2012‐2013,	which	is	helpful	 for	scholars	to	use	the	data	from	2008‐2013	to	
conduct	related	research.	
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