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Fig 1. Analytical framework for selection of directed technological innovation based on DICE model from the perspective of green growth

n n e (0 1.000) ;p
1 T
r>0; L,
1.1 1.2
1) Repetto  Easton *
vee) 1) ¢ . o)
L(1) L(1) K
y(1)  y(1) = Solow
A ) £
v u(A) . o(7)
c K  Cobb-Douglas
. Y = ul4) ¢l 7) K°
c o(7) =(xi(r-7)"+1) 7"

” —(p—n)tL d
ma [ 7Ly e v () x



— 64 — 2018 10
xi >0 4 my = m(0)
o >0, u(A) T GHG m
w(A) = A X2 T o(7)
X >0 1-:—)\7'+77lnﬂ
Moon  Sonn * x. =1;K my
. A 'm GHG
y X .
2) % ' T To 7o = 7(0)
1.3
C. K.GHG (b)Y ve L
e (DY K (¢ b
K=Y-C-(8+nK-c¢(b)Y-¢c(DY
é 5 e (0 1.000) ;b .
1-r
GHG by GHG maxW = max [ 0L, (1)
bo _b( 0) ’[ C b T b r
I, I, =1(0) st
K s K =Y-C-(6+n) K—c,(b) Y-, (DY (2)
n . GHG e, (b)Y %:—A7+nlnmﬂ (3)
0
Y . .
301(1) () m=—vm+(1-b)Y, (4)
) N x =l - 8% (5)
. . Y = (1 + ewx) o( 1) K* (6)
x =Bl -5« n=1+cwx (7)
b 0 ' &
A §=l+(1—3)wx (8)
E A $(7) = (n(r-m)"+1)~ (9)
p(A) E Ch 1 Karam x
GHG 14 L n L
e e (0 (1) C
1. 000) A E (2) ~ (9) Y.K Y.K
X ) T\m\x\M\d) g
[A =1+ sowx .
E=1+(1-¢)ox b I ()
@ ' e(b) =0.01 —— (10)
4) GHG  m  GHG 1-5
b Y GHG e (D) :0.011%[ (11)
E GHG
Ak ~A, A, A, Kirem  «
¢ ( ) Hamilton
_ % c~
g - E H:ﬁ+/\K Y—C—(8+H)K—Cl(l) Y—Cl(b)y +
m =—vm+(1—b) Yf /\T(—)\T‘Fnlnﬂ)'l')\m —vm+(1—b)Y§ +
{o GHG £o =¢(0)5 v My
GHG ;m  GHG m, A (Bl - 6,x) (12)




1+(1 -8 wx

1+

2(1 —&)wB( 1, - 1) “Tw‘

Bl -¢&)wfgy + 28210e—52t

gy + 26,

€

5, gy +28,

10 — 65 —
M _ oo Ao =0 (13) GHG GHG )
aC Bréchet Bond-
%_0 __0.01 A —A, =0 (14) arev
(1 -0) m 0
oH 0.01 « »
= = 0> - YAg+A, =0 (15 T 0
ol g(1-n>"% " (15) “ ”
. oH
Ag = (,TK‘*'(,D—H))\K (16)
_ oH
A, —E‘F(P—”)/\T (17) gy = & = &¢ (28)
oH g =8, =0 (29)
Ay ==t (p-na, (18) 51 GHG b I
7 27) ~ (29
A, —ﬁ+(p—n))\x (19) ) (27) (29)
0 g, =& (30)
1
Y (31)
lime ™ A,K = 0 (20) o 28
1—x 1
}HB e—(p—n)r/\TT =0 (21) gy = . ag“ (32)
lime ™A, m =0 (22) b1
. —(p-n)t _ .
lim ™A% = 0 (23) b= (1-D(r-a+l)g (33)
; 1
2 ]:—T(I—I)gy (34)
b1
. J'/ . gyl r+a-1)
y oy &=y b=(b,-1)e = +1 (35)
y (13) ~ (19) I o=(l -1)e? +1 (36)
K\’T\m )\K‘Ar \)\m Y 2.2 X~ M GHG
gy =T8¢ (24) {
g/\,:gv_rgc+2gll_] (25) (5) (7) x
o 2B 2 Bre 42,
8r, =8 Y78 +28, 7 (26) gy +26, &1 g, +25,
gy = &, +agx — 248, (27) (37)
Y.K.C (37) (7) (8) A
“ ”‘ m 0 M E g
) 2 I, - 1) & ,
b=l 4o =1+ swB( I, )C2 _ Bew[ gy + 282]0652' ~ 1] (38)
gy +26, gy + 26,
g;‘l — g() — g() (39)



2.3

2018 10
Y. K . =£=g(101_ 0.02 _0.011*))(
gc coc o\ 1-b" 1-T1
3) . 4 29 R
(3. (4 (29 Ko ot (45)
1 r
m = —{(1 = b) ud( 7) K* (40)
0 2.4 gy
ATy _ (41) (6 v r &v T
n My
(39) (40) K Ay _Y(7) -¥(7)
& =N T wvi-y
- A0 1 +(1 -g)wx O Y ¥(7o)
K =|mye™ " (42) 2 -
(1=0)¢(1 +ewx ) = (r-7)" +1) 7" -1 (46)
(6) Y
A _ *
Y = mger Lt L =elox (43 3
(1-b6)¢
(12) (15) 3.1
. C ..,
)\K = - TEC ( 1) .
v t=1
a =T
= (1-a(b) -a(D) 5cC \ \ \
0.01 9Y .., .
l—baKC +(p+d)C (44)
(44) g
1
Tab 1. Volume of the key parameters
n 0.030 36
0 0.035 37
r 2.500 37
L, 1.000 36
e 0. 180 0.700 38
X 0.030 36
W 0.200 36
8 0.075 34
by 30.500 GHG 34
I, 0.500 35
B 0.700 35
6, 0.100 35
w 0.050 0.200 36
& (0 1.004 440) 35
o 0.043 3 GHG 34
v 0. 005 GHG 34
mg 1.000 GHG 36
A 0.110 35
n 0.591 GHG 34
) 292.000 36




10
3.2 AT gy . gy=0.005.£=0.500
Ar e 08 C gy w={0.200 0.100 0.050}
2.8y AT
Bréchet  ** .Bondarev =~ * 3 4 w u ¢t
2 Bréchet i AT 30
gy At 2C gy 70
2.23%; At gy N Cobb-Douglas a=0.180
AT K Y A
gy gy - 30wt N
gy w={0.200 0.100 0.050} wu ¢
Bréchet . ) M N4
At gy At 8°C (38) (39) wocw ¢ ocllw.
gy 19.22% Bréchet £=0.500
8. 92% Bondarev A E A Y
. 26. 73% Bondarev T (
35 3.2 ) E GHG
L.
3 ® u ot
Fig 3. Change pattern of u over ¢ under different
2 At gy
Fig 2. Effect of A7 on gy
2 At gy
Table 2. Effect of A7 on g,
gy( %)
A7/C
Bréchet 3 Bondarey ¥
+2 -2.23 -2.23 -2.23
+4 -7.50 -4.46 -8.36
+6 -13.57 -6.69 -17.02
+8 -19.22 -8.92 -26.73
3.3 0]
w 4 w0 (¢

Fig 4. Change pattern of { over ¢ under different w



— 68 — 2018 10
5 w={0.200 0.100 0.050} n
K £=0.500 K m
w (42) £=0.500 K A “
® ® K A (2). (9 psIY
E & =0.500
« »” w " K .
v X o 7. (37) x
K c Y ¢
(b)Y (DY
G;
K A
K . 3 4 70
oL 30
6 30
a=0.180 gy =0.005
70
K; 8y 1
(36) [ =g,
7
Fig 7. Change pattern of x over ¢ under different w
3.4 e
Cobb-Douglas Y =
p(A4) ¢(7) K*
A
5 K -
Fig 5. Change pallear)n of K ovir t under different o & =
0.005.w =0.100 e ={0.100

6

w I

t

Fig 6. Change pattern of I over ¢ under different w

0.500 0.900}
3
& M
( 8
oo d
e =0.500
30 &



10 — 69 —
wo L 7 “ T ’
pogt Y
10 s K 1t
8 e 4 i Fig 10. Change pattern of K over ¢ under different &
Fig 8. Change pattern of  over ¢ under different &
11 e Y 1
9 e ¢ 1 Fig 11. Change pattern of Y over ¢ under different &
Fig 9. Change pattern of { over ¢ under different &
10 I4 Y
K )
K t K
gy = K-
0.005 e={0.100 0.500 0.900}
K b 1
K (35) (36) b’
Y I e b
11. 10 11 1
A 12 13) .
" K gy = by
0. 005 Iy.



2018 10

— 70 —
w
& &c & &
g2, =0.005
gc
K E¢
12 e b 1t
Fig 12. Change pattern of b over ¢ under different &
14 w  gc

Fig 14. Change pattern of g over ¢ under different w

13 e I t

Fig 13. Change pattern of I over ¢ under different &

3.5 0 & Ze
c L
L
¢ 8c- 15 e g !¢
gy =0.005.£ =0.500 Fig 15. Change pattern of g, over ¢ under different &
o ={0.200 0.100 0.050} g,
14 © g © ” 4
gy =0.005 ®
&c ® DICE
w=0.200 g,
w=0.100 w= N N .

0.050 g, . 4 .

14 gy =0.005.w =0.100

e={0.100 0.500 0.900} g, « n o« » o«

”»

15 & gc



10 — 71 —
. 1) 13 »
2) :1)
2)
. 3) 1
“ ”
.3)
; GHG “ 7
(43 ”»” .,
4) “ ”»
GHG .4)
1 . M . : 2015.
Chen Yan. Climate Change and Green Transformation M . Beijing: Gold Wall Press 2015. (in Chineses)
2 Smulders S Toman M Withagen C. Growth theory and ‘green growth’ J . Oxford Review of Economic Policy 2014 30
(3): 423 -446.
3 — v v v~ J

2016 34(4): 528 -538.
Yu Jingtao Wang Shanshan. Green growth and green innovation: Empirical evidence from China US UK German Japan

and Korea J . Studies in Science of Science 2016 34(4): 528 —538. ( in Chineses)

4 Gerlagh R. Too much oil J . Cesifo Economic Studies 2011 57(1): 79 —102.

. I 2012

(2): 113 -125.
Zhang Jiangxue Zhu Lei. Research on technological innovation efficiency of industrial enterprises based on green growth of
regions in China J . Journal of Quantitative & Technical Economics 2012 (2): 113 -125. ( in Chineses)

- - J . 2014 29(6):
852 - 868.
Duan Hongbo Zhu Lei Fan Ying. Review on the integrated assessment model of energy-environment-economy for the global
climate change J . Journal of Systems Engineering 2014 29(6): 852 —868. ( in Chineses)



— 72 — 2018 10

J. 2013 33(8): 1905

-1915.
Wei Yiming Mi Zhifu Zhang Hao. Progress of integrated assessment models for climate policy J . Systems Engineering —

Theory & Practice 2013 33(8): 1905 —1915. (in Chineses)

8 Nordhaus W D. An optimal transition path for controlling greenhouse gases J . Science 1992 258(5086) : 1315 —1319.

9 Nordhaus W D Yang Z. A regional dynamic general-equilibrium model of alternative climate-change strategies J . Ameri-

10

11
12

15

16

17

18

19

20

21
22

23

24

25

26

27

can Economic Review 1996 86(4): 741 —765.

Greaves G. Evaluation of the DICE climate-economy integrated assessment OL . MPRA Paper https: //mpra. ub. uni—
muenchen. de/64588 2015: 1 -24.
Zaddach J. Climate Policy under Intergenerational Discounting M . Wiesbaden: Springer 2016.
Loschel A Schymura M. Modeling technological change in economic models of climate change J . SSRN Electronic Jour—
nal 2013 1(7): 89 -97.
Escap UN  UNEP. Green Growth Resources and Resilience Environmental Sustainability in Asia and the Pacific M .
Bangkok: United Nations and Asian Development Bank publication 2013.
OECD. Interim Report of the Green Growth Strategy: Implementing our Commitment for a Sustainable Future R . Meeting
of the OECD Council at Ministerial Level 2010.
Smulders S Werf E V D. Climate policy and the optimal extraction of high—and low-carbon fossil fuels J . Canadian Jour—
nal of Economics/Revue Canadienne d’ Economique 2005 41(4): 1421 —1444.
Bondarev A Clemens C Greiner A. Climate Change and Technical Progress: Impact of Informational Constraints M .
Heidelberg: Springer 2014.
Acemoglu D Aghion P Bursztyn L. et al. The environment and directed technical change J . American Economic Re—
view 2012 102(1): 131 -166.
Acemoglu D Aghion P Hémous D. The environment and directed technical change in a North — South model J . Oxford
Review of Economic Policy 2015 30(3): 513 -530.
Smulders S Maria C D. The Cost of Environmental Policy under Induced Technical Change R . CESifo working Paper Se—
ries NO. 3886 2012.
Buonanno P Carraro C Galeotti M. Endogenous induced technical change and the costs of Kyoto J . Resource & Energy
Economics 2003 25(1): 11 —34.
Bretschger L. Climate policies and economic growth J . Resource and Energy Economics 2017 49(8): 1 -15.
Kober T Van Der Zwaan B B C Résler H. Emission certificate trade and costs under regional burden-sharing regimes for
a 2°C climate change control target J . Climate Change Economics 2014 5(1): 1 -32.
N J. 2006 9(4): 12
-17.
Yu Bo Li Yongliang Chi Chunjie. Endogenous model with exhaustible energy pollution abatement spending and sustain—
able growth induced J . Journal of Management Sciences in China 2006 9(4):12 —17.( in Chinese)
. J. 2010 13(1): 20
-30.
Xu Shichun He Zhengxia Wei Xiaoping. Sustainable optimal economic growth path under resource consumption and pollu—
tion control J . Journal of Management Sciences in China 2010 13(1): 20 -30. ( in Chinese)
I 2015 35(2):
291 -299.
Yan Xiaoxia Zhang Jinsuo Zou Shaohui. Study on the optimal depletion model of exhaustible resources under pollution
constraint J . Systems Engineering — Theory & Practice 2015 35(2): 291 —299. ( in Chinese)
J. 2015 18(10): 26
-37.
Shi Ying Zhu Yongbin Wang Zheng. The cost-effective path of energy mix evolution for China under the emissions budgets
J . Journal of Management Sciences in China 2015 18( 10) : 26 —37. ( in Chinese)
Quaas M F' Smulders S. Brown Growth Green Growth and the Efficiency of Urbanization R . CESifo Working Paper Se—
ries No 4044 2013.



10 : — 73 —

28 Rauscher M. Green R&D versus end-of-pipe emission abatement: A model of directed technical change J . Thuenen-Se—
ries of Applied Economic Theory 2009 106(4): 1 -18.

29 Moser E Prskawetz A Tragler G. Environmental regulations abatement and economic growth J . Dynamic Modeling &
Econometrics in Economics & Finance 2013 14(4): 1 -24.

30 . J.

2016 36( 10) : 2601 -2609.

Zhou Jingmiao Wu Chunyou Xiao Guirong. Study on the influence of environmental regulation intensity on the directed
technological change under the perspective of green growth J . Systems Engineering — Theory & Practice 2016 36( 10) :
2601 -2609. ( in Chinese)

31 Inada K I. Production function and neutral technical progress in hicks’s sense J . Metroeconomica 2010 19(1): 62 —74.

32 Repetto R Easton R. Analyzing climate uncertainty and risk with an integrated assessment model J . The SAIS Review of
International Affairs 2015 35(1): 47 -59.

33 Moon Y S Sonn Y H. Productive energy consumption and economic growth: An endogenous growth model and its empirical
application J . Resource & Energy Economics 1996 18(2): 189 -200.

34 Bréchet T Camacho C Veliov V M. Model predictive control the economy and the issue of global warming J . Annals
of Operations Research 2014 220( 1) : 25 -48.

35 Bondarev A Clemens C Greiner A. Climate Change and Technical Progress: Impact of Informational Constraints M //
Moser E et al (Eds) Dynamic Optimization in Environmental Economics Heidelberg: Springer 2014: 3 -35.

36 Maurer H Preuf J J Semmler W. Optimal Control of Growth and Climate Change-Exploration of Scenarios M . Heidel-
berg: Springer 2013.

37 Chu H Lai C C. Abatement R&D market imperfections and environmental policy in an endogenous growth model J .
Journal of Economic Dynamics & Control 2014 41(1): 20 -37.

38 Roseta P C Ferreira L A Sequeira T N. Externalities in an endogenous growth model with social and natural capital J .

Ecological Economics 2010 69(3): 603 -612.

Selection of directed technological innovation from the perspective of
green growth

ZHOU Jing-miao' > ZHAO Yu-she'> WU Chun—ou' XIAO Gui-ong'

1. Faculty of Management and Economics Dalian University of Technology Dalian 116023 China;
2. Collaborative Innovation Center for Transport Studies Dalian Maritime University Dalian 116026 China

Abstract: Regarding the climate feedback economic losses caused by GHG emissions how to guide the direct—
ed technological innovation exactly to achieve long-term green growth has become a major challenge. Based on
DICE model a nonlinear optimal control model which considers the equilibrium inclusiveness and sustain—
ability of green growth is established to reconstruct the endogenous relationship between the dynamic factors of
directed technological innovation and climate innovation. The numerical simulation shows that: firstly the cli-
mate feedback economic losses should not be underestimated; secondly under the guidance of green techno-
logical innovation stressing production social production is powerful but there is a risk of environmental degra—
dation; under the guidance of green technological innovation stressing emission reduction climate feedback e—
conomic losses are small but a risk of lack of growth momentum exists. Although long-term green growth can
be achieved by both directions neutral green technological innovation will be more stable. Finally the rate of
per—-capita consumption will be improved significantly in the short term under the first guidance.

Key words: green growth; DICE model; directed technological innovation; nonlinear optimal control



