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Y 2.161589 0.277467 7.79 0. 000 2.7054 1.617
CO, 5.191421 2.523128 2.18 0.030 5458813.10. 43636
Labor -34.13783 5176. 22 -2. 66 0.008 | -2395.2 -3638. 49
Capital . 003207 0.0002689 -1.19 0.033 | -. 0008478 0.000264
Energy 1.69690 2436476 -0. 07 0. 044 | -4945092 4605712
()? -3. 85e-10 4. 84e-11 -7.95 0. 000 -4. 80e-10 -2. 90e-10
(CO»? 6. 98e-11 7.70e+08 0.89 0.371 -8.20e-11  2.20e-10
Labor? -1. 007599 0.03590 -2.81 0.005 | -. 1711248 -. 030394
Capitaly’ 3.79-10 2.21e-11 17.13 0. 000 3.36e-10 4. 22e-10
Energyy’ -553. 1957 526. 4629 -1.05 0.293 | -1585.04 478. 652
Y *CO;, -3. 69e-09 4.18e-10 -8. 83 0.000 | -4.51e-09 -2. 87e-09
Y*Labor -3. 33e-06 1. 78e-06 -1.78 0.062 | -6. 83e-06 1. 65e-07
Y*Capital 5. 70e-13 4.98e-14 11.14 0.000 | 4.71e-13 6.67e-13
Y*Energy 0.000441 0001994 0.22 0.822 | -. 0003466 0.000349
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(Time)? 1562113 703104. 7 2.22 0.029 | 183154.1 2939272
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Price
Energy*Energy
Price 8281264 5. 268966 0.16 0.876 | -9. 498857 11. 15511
Energy Price*
Time -190.5213 74. 80557 -2.55 0.011 | -337.1376 -43. 90513
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Likelihood-ratio test of sigma=0: chibar2 (01) =0.00 , Probe>=chibar2 = 1. 000
Adj R-squared = 0.2947 , R-squared = 0.3777

&b&opb@:@u

Sl ol Sl ok 3557 5 (sla el ST o 1) 1y s (54l 2b sy, ) dsa

L ssl 5y 50 polie (galaml Hlb,y 4 a5 b lagasys 5 L s & ©lp sl Gar)s Glacs o &S
L,.,uﬁifﬂ,;bu,n?@msvw@,m4,,‘(.,;@quﬂbgéuuww)ﬁym.,u)u
3 ealizal b opl sl A8l o QL 016 ST (S Il g sl ol diajl el ol b
Sls Loy sl ine b bad e (sla alyl & oS LG e O )3 odd 3,571 il
a e bzl Lyls 5l 3 ol a5 5, 5e( Energy Price) sl et Cws 5 (Time)
T sty ol ool Bl o (6557 0 U35 B0l e el 5 6057 B e Dl S ine
Isb o3 Wy il Sl o el sy St oo (V)5 e (534 e o3 b Jer )3
Soldie 33 (COR ST sausp oode Sldie )y Jldie ol Lib oo anlllas 3550 Sloj (g0,
(348 Hin Ll mlio pl (5w 1 4l Sl (ST sansa i Sl 7 il e ot
S5 8 dons Ol g 0 4 ool T oy e e (308 55 4 5 arlo e 9 L1 (55 o 2
Sl 4 S 5 mlio 53 ) (9,5 JUnsl Olsn el 5 (6558 5 sl o b Glaj ep90 Jsb s
5 GoA Aum ade Hldie 354 53 8 B Lledd pasle Gw;@,@\ asl rals sl
55 o3l 5550 (6551 sla Joboua 58 055 Ik 53 Sl 015 o 45 Sl olaT Sty Cote (g3e
St 5 g RIS B s ol ) s S Ol e 45 Sl ails (g3 300 (55 pbe
335 S 4 o Loy 515 (pl ABL o 5 (5l (omr B (slacs)sLe 3l eslizal 31 (B el OT
Sl 4 53 5 (6550 sl Jol 1 th eslital o 305 a4l cpl 5 xBls 3L dlols Ui
© dw gl o 3 (B gdslee 45 ol 3,57 ) e 33 5 e 3 eslil 350 (55 4 o
RSP dslae ol ol dcwle 4 (e a6l (M) gddslan ol 5 (6590, ks Olgme pund ) sbats
Syt o o) 53235 8 oo e L3l 0 DS o5 Ol Sy S(DFFH = DY) O a2

.@\ouo\ﬁ(\))bﬂ);j@u}nf@numﬂ;d}ﬁ;p;t&bso\},"Mm




VFY VAT s -0 o)led —pgs Jlo olnl 5o @l goladl clallla gy — ol aolilad

(')
D' =oe+ XAy ocn xEF By +Bob tyiq +ITE TR oo xEE ki
+E__15_1x_ TRE 4 bkrz _15_ﬂxkr+
T2o: e X 4 B3 paaxfq +2 Byyy ™+ B YR + 3, YR+ B,y i +
PbTE + OB + 0540 + Dyas 74 Syt + g (VY)
Dt+1:

] Y 3 ) i
L D‘:nx.—.(rﬂ +J'31J'k':r+iJ +J'-?:bk(r+1’ +yq +
%Z§=1Z§1=1 D‘nmxi(rﬂ}xﬂrﬂ} +¥E_, 5mxl?::(r+1]yk(r+1] 4+ bMYE_ En:x:(”ﬂ +
2 Elt41) z k(t+1] i .2 ] . ] ]

Zn:iﬁnix.—. (t+1) +E.L=1P’*n2x.—. ) +EJ'311J' Re(e+2 + f42) Rler)pk(e+s) 4
Oy VROt + 1) + By, y*Et 1) g + 2 b2+ 2) 4 g, pEEHI (1 + 1) + 0, b4+ g +
2y A1) 4 3 (f 4 g £ 5( + 1)glers) (13)

S 555 o asloes ETCH) G 50 (5515 55 i 31 i al o 53¢ 21587 i Ol oo domslons 31 o
W 0k Ol V513 905 53 OT il 5335 o dlomn 5 a3 55 0T
(\F)

af.}f : 1
Z.u, X+ 8L Y+ 0, bFE + 1t+2]ﬂnq“

n=1

aﬂt+1

1
Z Mg T B YOO 4 0, PR oy (4 1) + 5155042
&

+.§q(f+1}
Gdslee 534S bl an njfu.a ol ITCH)6,55T 3 s oW Cad 3150 5T (gl 0 )5

S G lgn o a6 51 Ced s Ol cup}ualmLsabdeur_f@aMw VY
L;S.LL}.:EJL#JJ

o
"J;@uﬂ{( + ): D-S}Q)L:P)Jc(qt'i'l'qt)

(\o)

gDt
g +Z Pz XEE+ By ¥ + @, bF +y,,tq + 9t

n=1



sy daame BT b5l 5 ! aio Sl IS (659l8 i (555 2 (65 Ceond Sl oy 0 el

%)
Z—[I =y, + Z g Xp T 4 gy 4 @ bROHL 4y (84 1)g(0 ) + 8(t + 1)
Wl 0 Ols (V)13 50 5 (F)J st 51 ealital L 49 5 &y g Solasslons I fuol> =k
PCH wilas 3l Joola glis # Jgaa
Jlu EFFCH) 1,5 159, 28T 0B 03 i Gosls ek oW s
ETCH) dTCH)
\n'ad - - _
VO 0.59 0.3 0.14
a%4 0.25 0.13 0.35
A 0.79 0.24 0.50
VA 0.68 0.32 0.54
v 0.35 0.35 0.63
™ 0. 42 0.48 0.73
AN 0.55 0.53 0.55
AT 0. 26 0.44 0.69
AYAY 0.52 0.65 0.74
TAY 0.55 0.64 0. 80
YWAD 0. 4 0.75 0.85
\YAS 0. 49 0.8 0.95

G C)L:w‘a:ﬂickﬂ

VAPSAYVY b 50,90 Jsb 4o (ETCH,EFFCH,ITCH) jlsgas\ jlagas



V£O VAT s -0 o)led —pgs Jlo olnl 5o @l goladl clallla gy — ol aolilad

1.5

e=4==EFFCH

0.5 W —B—ITCH
—i—ETCH
0

1375 1¥6 1377 1378 1 1380 1381 1382 1383 1384 1385 1386

Py Ql:w:\’ulclﬁ

e o hils oL xS i Oly e ) i 6l (VDigosled 50 4 g b
sl 035 Hlastl dte e bdle 1 dm 53 5 Cute ite pl lie adle 1 sdm 3 5 AL
b 058 Sl b 3 6551 sl el sl 035 il 45 23 5wt 015 0 ol
S15305 p Ol pedd (6551 omd S (2131 L imman 345 (6551 o185 Cel Wiy s
oo Slaiad I oS i Ol o 55 ol 1 Sl 428l oalS STV RCETPRTL
G5 (6130505 Sl ks 3550 55 sl 4Bl ol 3l andllas 3558 g0y53 b 53 (ST Hlasl g5
skials” = 5L UTCH)Cwl 65 87 1y ol 530 odialS” 6y b (655L8 (65 1 o Cond ,uiS b 5
Sl S35 1 b W Ol ke (63T (o T o ol (ST iy L3
Rl 5 Sl odaT 5525 4 55287 53 (6551 03,1 e LI 3 (55518 125 3,10 5587 53 3 g5
Sl 3,1 5525 (6551 o e alS (gl W5 slaeslgs o il OISl 5 ol 4T (g 5l5
335n $0333 b 53 4 88 4z U5 o S sk & Slosl ol b LI (65,1 O3 e i
Szl Ol e ossls ST ke Sl 5 Mg I L 655 o o SRl L asdlae
.w‘aj;\_kﬁ:&bélﬁié.ﬁjn-

oS dais ¥
Sy Jsl Garss Shas s & G U5 «0)dsdr 5o ediansT sbjull 4 4 L
aol> Wﬁc‘jw.x)\z\))\b;}\ 3ys0 polde (galal Hld, 4 a5 Ln oy g la o5 5
el bl 3l Sl Sy ST (sl 5 s 5 S0 o 3 WS35 53 b oo Lyl

u,fu_l;al JS..L:’ S sdal Cwdds Cula (g3de (Y)J.:Jj xa (63de Hldde (D) g o ol Cwddy



sy daame BT b5l 5 ! aio Sl IS (659l8 i (555 2 (65 Ceond Sl oy 0 \FF

(CO2) 5T aujp g3 Jldie (5 Jltie ol bl oo andllan 5550 Sloj goy35 Jsb 5 Wy
b mbo ol s 31 el lasl (ST Gauia (Rl Sl o Ll e St (M
OIS o 45 Sl olaT Cwzas oo 5 (e (63408 o o35 aila s 5 O (6580 o 2 (S Il
gle 53 08 o0 JUdl Ol 5 (65l 5 ol o b Slej senss Jsb 5o S s
@3 5l 3550 53 L Lok pasle s mlio 2l 5 il bl falS ool Sl 4 o) 5
Sl Jol 4y 58 (50553 Jsb )3 S Ol g oS el oleT ey e (38 35 (555 4y
5 AU ek ol Sl e S Olg e S Sl ails (63520 (5L, ples 3 eslizel 3550 (53
bg)sld ol dib oo LI 5 (6l smstd Sla(g)sls loslamal 51 50 Lol OT 31 idw s M5 il 33l
Sl Jol 51 i oslitwl Cow s uar g a4l cpl g atdls (6oL 5 akols Lis G4, slas,sls 4
5 O)dsdr b 4 ey Lsa S mlio 55 esliel 350 5550 ain SISl e )3 5 5
b Ol 53 655 DIk 5 (5551 e ST 45 S OIS gr ) laged 55 Slealons
ST (i b i & ol ) 35 55 b 3y sy saeie dlal) adlllas 30 (60593
Sl 3 (5558 K5 Sole 4 3,16 55587 53 3 g0 Slac sl S5y p Ceed QWIS e
Oml s 4 S LIS (6551 o e S 51 655l 5 Sl odeT sy 4 88T 55 (6551 0151
Ol e STy Cond 1131 4 o LS55 b mlio Cl ST (5058 (il RS 03

Ly

&:Eu
Arrow,K. (1994). Catching Up,ForgingAhead, and Falling Behind. , Joural of
Economic History, 46:385-406.
Caputo, Michael R., Paris, Quirino (2005). An Atemporal Microeconomic Theory
and an Empirical Test of Price-Induced Technical Progress.Journal of Productivity
Analysis, 24: 259-281.
Celikkol, P., Stefanou, S., (1999). Measuring the impact of price induced
innovation on technological progress: application to the U. S. food processing and
distribution sector. Journal of Productivity Analysis 12: 135-151.
Christmann P. (2000). Effects of “Best Practices” of environmental management
on cost advantage: the role of complementary assets. Acad ManagJ 43(4): 663—
680.
Clarkson R. and Deyes K. (2002). Estimating the Social Cost of Carbon
Emissions.Government Economic Service Working Paper 140.
Coelli, T., (1995). Estimators and hypothesis test for a stochastic frontier function:
a Monte-Carlo analysis. Journal of ProductivityAnalysis 6: 247-268.



VPV VAT s -0 o)led —pgs Jlo olnl 5o @l goladl clallla gy — ol aolilad

Conceicdo A. S. P.,M. &Emmanuel, T. (2006). Malmquist indexes using a
geometric distance function (GDF). Application to a sample of Portuguese bank
branches.J Prod Anal 25:25-41.

Esposti, Roberto and Pierani, Pierpaoclo (2005).Price-Induced Technological
Change in Italian Agriculture: An SGM Restricted Cost Function Approach (1951-
91).Paper prepared for presentation at the Xith Congress of the EAAE (European
Association of Agricultural Economists), Copenhagen, Denmark: 24-27.

Fare R, Grosskopf S, Tyteca D. (1996). An activity analysis model of the
environmental performance of firmsapplication to fossil-fuel-fired electric
utilities.Ecol Econ 18:161-175

Féare R., Grosskopf S.,Carl A. Pasurka Jr. (2007). Environmental production
functions and environmental directional distance functions.Energy32 :1055-1066
Fare, R., Grosskopf, S.,Noh. D-W,Weber, W.(2005). Characteristics of a polluting
technology: theory andpractice. Journal of Econometrics.

Féare R.,Filho, C. M.,Vardanyan, M. (2009).0On functional form representation of
multi-output production technologies.J Prod Anal DOI 10. 1007/s11123-009-
0164-4.

Fuentes, H. J., Emili Grifell-Tatj’e, Sergio Perelman(2001). A parametric distance
function approach for Malmquist productivity index estimation.Journal of
Productivity Analysis, 15: 79-94.

Gallagher, K. S., Holdren, J. P., Sagar, A. D., (2006). Energy-technology
innovation.Annual Review of Environment and Resource 31:193-237.

Hailu, A., Veeman, T. S. , (2001). Non-parametric productivity analysis with
undesirable outputs: an application to the Canadianpulp and paper industry.
American Journal of Agricultural Economics 83: 605-616.

Halkos. G. E., Tzeremes. N. G,(2012). Measuring German regions’ environmental
efficiency: a directional distance function approach.Lett Spat Resour Sci 5:7-16.
Halkos.G. E., Tzeremes. N. G., (2011). Measuring regional environmental
efficiency: A directional distance function approach..MPRA Paper No. 32934.
Handbook of Environmental Economics, vol. 1, North-Holland: 461-516.

Hicks, J. R., 1932. The Theory of Wages. St. Martins, New York.

Karanfil, Fatih, Yeddir-Tamsamani, Yasser. (2010). is technological change biased
toward energy? A multi — sectoral analysis for the French economy. Energy policy
38(2010): 1842-1850.

Khanna Madhu, Kumar Surender. (2011). Corporate environmental management
and environmental efficiency.Environ Resource Econ(2011) 50:227-242.

Kumar, S. & Managi,S. (2009). Trade-induced technological change: Analyzing
economic and environmental outcomes Economic Modelling26: 721-732.

Kumar, S. &Managi,S. (2009). Energy price —induced and exogenous
technological change: Assessing the economic and enviromental outcomes.
Resource and Energy Economics. 31:334-353.



sy daame BT b5l 5 ! aio Sl IS (659l8 i (555 2 (65 Ceond Sl oy 0 VA

Lindenberger, D.,Kummel. R. (2002). Energy-dependent production functions and
the optimization model “PRISE” of price-induced Sectoral Evolution. Int. J.
Applied Thermodynamics, Vol. 5 (No. 3: 101-107.

Linn,Joshua (2006). Energy prices and the adoption of energy-saving
technology.Center for Energy and Enviromental Policy Research, 06-012 WP.
Managi, S., Jena, P. R., (2008). Environmental productivity and Kuznets curve in
India. Ecological Economics 2 (1):432-440.

Managi, S., Opaluch, J. J., Jin, D., Grigalunas, T. A. (2006).Stochastic frontier

analysis of total factor productivity in the offshore oiland gas industry.Ecological
Economics, 60: 204-215.

Managi, S., Opaluch, J. J., Jin, D., Grigalunas, T. A. 2005).Technological change

and petroleum exploration in the GulfofMexico.Energy Policy,33 .2005: 619-632.
Mansfield, E. (1968). The Economic of Technological Change.New York,NY:W.
W. Norton

Popp, D. ,( 2002). Induced innovation and energy prices.American Economic
Review 92: 160-180

Ray. S (2008). The directional distance function andmeasurement of super-
efficiency: an application to airlines data. Journal of the Operational Research
Society (2008) 59: 788 -797

Tadeo. A. J. P., Martinez. E. R, Sancho. F. H (2005). Directional distance
functions and environmental regulation.Resource and Energy Economics 27
(2005): 131-142

Watanabe, M., Katsuya Tanaka (2007). Efficiency analysis of Chinese industry: A
directional distance function approach. Energy Policy 35 (2007): 6323-6331.



