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Abstract

Coupling development of ecological agriculture and ecological tourism based on the constraints of resources and environment is the
upgrade and transformation for the traditional development pattern of agriculture and tourism in our country. Ecological agriculture
improves agricultural productivity level, original ecological level of agricultural product and the income level of farmers. Ecological
tourism advocates to abandon consuming resources disorderly and immoderately in traditional tourism, and to proceed tourism
development under the constraints of tourism carrying capacity, thus to improve the high taste, environment protection and
economical benefits. Establishing an industry system based on coupling development of ecological tourism and ecological
agriculture, this paper realized the maximum of social benefit of industry system with this industry system, and the optimization of
dynamic industry resources allocation under the constraints of resources and environmental carrying capacity. It also described the
influence of different types of resources (eg. renewable and non-renewable resources, original resources and secondary resources),
pollution (eg. different rate of decay and different environmental capacity) as well as parameters change such as technology progress,
size change, structure change on industry growth pathway on the economical growth of coupling industry system. This study
provides suggestions and helps for government to formulate development planning and macro policy of coupling industry system.
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1 Introduction especially the research about optimal utilization problem
of resources in industrial coupling system is much rarer

The waste and draining of resource, the damage and  [11-13].

deterioration of environment, has made the problems of This article is to analyze the optimal approach of
resources and environment become the biggest confusion  industrial development and optimal configuration of
in the process of China's economic and social  €lements based on dual constraints of resource and
development [1-2]. The coupling industrial upgrading of ~ €nvironment through using dynamic optimal control
ecological agriculture and ecological tourism based on  theory and constructing the coupling industry system
resources and environment constraint is an important ~ Model of open ecological agriculture and ecological
breakthrough of addressing our country's current  tourism, thus provide reference basis for national
resources and environment constraints. Ecological ~ industrial structure adjustment and economic growth
agriculture is to enhance the level of agricultural ~Mode transformation and building a new socialist
productivity, ecological level of agricultural products and ~ countryside.

the income level of farmers' mainly through the approach

of agriculture mechanization, large-scale of land, 2 Coupling Development Model of Open Industrial
technology innovation and technology intensification [3]. System

While ecological tourism advocates abandoning the

disordered and unrestrained resources consumption of 2.1 COUPLING INDUSTRY SYSTEM STRUCTURE
traditional tourism, promoting tourism development OF AGRICULTURE AND TOURISM

under the constraints of tourism carrying capacity, so as  According to different classification basis, the structure
to promote the high taste, environmental protection and ¢ coupling industry system including agriculture and
economic benefits of tourism product [4]. At present,  tourism can be divided into two categories, one is the
most of the research is to separate the two industry for  gystem structure based on industrial functions, the second
making independent research [5-10]. So far, though s he system structure based on constraint subsystem.

ecological tourism and ecological agriculture has The system structure based on industrial functions is
achieved fruitful results in separate areas, but it still lacks  ghown in Figure

the coupling mechanism research of two industries,
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FIGURE 1: Systemic structure of wireless sensor network node

The system structure based on constraint subsystem is shown in Figure 2.
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FIGURE 2: Communication mode of wireless sensor

2.1.1 Basic Relationship

Look from systematic perspective, industry refers to the
collection composed of natural resources subsystem,
population subsystem, market subsystem, environment
subsystem (mainly including monitoring, calculation,
analysis, forecast and control of pollutant), the
government regulation, institution sub-system and many
sub-systems. You can indicate it through using
mathematical expression in type (1):

—fgl=—— @)

Where Xi represents the different sub-system in
industrial system, such as that 1 represents sub-system of
natural resource, X2 represents population sub-system, X3
represents market sub-system, “*4 represents environment
sub-system (it mainly includes the monitoring, calculation,
analysis, forecasting and control of pollutants), Xs
represents government monitoring, interest allocation and
institution sub-system.

Industrial system=

In open system, the relationship among different
industries could be divided into three kinds including
mutual competition, mutual complementation and
uncorrelation.

2.1.2 Uncorrelation

The development of an industry does not affect the other
industries; the correlation coefficient between the two
industries is zero. In this case, industry could be regarded
as a closed industry system, there is no matter, energy
and information communication among them, the mutual
influence coefficient is 0, this paper does not makes key
analysis for this type.

2.1.3 Mutual Supplement Relationship

If an industry can promote the development of other
industries, thus the relationship between the two
industries is complementary, such as promoting tourism
with agriculture or feeding agriculture with tourism.

2.1.4 Competition Relationship
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The development of an industry will reduce or take up
resources of another industry, thus causes the conflict of
benefit allocation and regulation, weakens each other's
development, such as the conflicts of tax revenue
redistribution between agriculture and tourism, regional
planning conflict between agriculture and tourism,
regulation conflict or conspiring phenomenon based on
the constraints of the environment.

In open system, the relationship among different
industries is:

dX
A —apXa(Ny+CpgNg—X,p)
dt )
dX
& —agXg(Ng +CgaNp—Xp)
dt ©)

Where, aa represents the developing speed of industry

><A; Na represents the threshold of constraint variables
such as natural resources, population, pollution levels and

so on in industry Xa or the largest potential market; ag

represents the developing speed of industry><B ; Ng
represents the threshold of constraint variables such as
natural resources, population, pollution levels and so on

in industry W or the largest potential market; Crg
represents the influence coefficient of industryXBon
industryXA;CBA represents the influence coefficient of

industry Xa on industry Xg .
The Optimal Use of Resources in Coupled Systems of
Open Industry

3.1 OPTIMAL ALLOCATION OF NON-RENEWABLE
RESOURCES

3.1.1 The Optimal Consumption of Non-Renewable
Resources

Suppose the time interval to be of unlimited time
sequence, the following social welfare function of ordinal
utility type will be obtained:

t=00

W= IU(Ct)e’ptdt
w0 4
Consider the renewable property of resource,
resources reserve is fixed and limited initial stock.

Suppose the initial resources preserve is SO, the rate of

exploiting and using resource is Re at time t, there is

following constraint condition:
=t

S, =S, - J'R,dt
=0

®)
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Could be transformed to be differential form:

o _
dt

t

Which indicates consumption rate of resources stock

dt

As the output is distributed between consumer goods
and capital, the part which is not consumed in economic
output would cause the change of capital stock. Thus, in
continuous time series, it is expressed as:

equals the rate of exploiting and using resource R .

dK
@ A
But according to C-D function: Q= Q(Kt Ry ) thus,
dK
E = Q(Kt , Rt)_ct
To sum up, objective function:
s.t.d—S =-R,
dt
dK
d_ = Q(Kt, Rt)_Ct
t (6)
The present value of Hamilton function in model is:
H, =U(C)+ R (=R )+ (Q{K(.R }-C,) )
Solution:
dP dw
U(Ct): @, B = oQp,—— = PR, —— = poy — Q&
dt dt 8)

0
Where, Qx; = xQ

K represents the partial differential of

. . 0
output on capital at t time; Qg =—Q represents the

oR
partial differential of output on non-renewable resources
at t time;Pt represents the shadow price of non-

renewable resources; “t represents the shadow price of

capital, both of them are function about time.

U(C,)=w, represents the marginal utility of
consumption at any time equals to the shadow price of
capital, an optimal result should be that the marginal
income which the output of a unit used in consumption
equals to the marginal income which increases capital
stock.

P, = &, Qg represents that the shadow price of capital

stock at t time equals to the marginal product value of

dP
non-renewable resources ot =pR and
do
e poy — Qi  represents that the resource and
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capital could get equal rate of pay at any time and point, 2(Bg  Bn)_ B P do

and it is equal to the discount rate. Cmer fior) ~ @R =aQu g =Ry =ra—Quer - (13)

3.1.2 The Optimal Consumption of Non-Renewable E( Bg + Ba J:w

R ; . -r) = i i
esources in Coupled System L\1l+r 1-r and P, = »Qx is the static

Then we consider the optimum utilization problem of
non-renewable resources in coupled system of agriculture
and tourism:

Objective function: 2( Bs _ Ba

efficiency condition about efficient allocation of land
resources .Where:

5 B Lil+r 14] represents that the marginal utility of

MaxW = I [—A+—3Je"tdt agriculture and tourism based on resource consumption at
o La Ls ) any time equals to the shadow price of capital, an optimal

result should be that the marginal income of both

industrial unit output used in consumption equals to the

BA BB
Where ", represents the total revenue of marginal income which is used to increase capital stock.

employee in agriculture and tourism depending on the P _

t =& Qp represents the shadow price of resource
stock at time t equals to the marginal product value of
non-renewable resources.

land resources to make a living respectively, LA,LB
represents the quantity of employee in agriculture and
tourism depending on the land resources to make a living

dP dw
Ba Bg d_: P d—=pq — Qe . .
. Ly Lg o ¢ _ t and dt is the dynamic
respectively, ~* , "% indicate the concept of per capita. efficiency condition about effective allocation of land
Define following several variables: resources, which represents that resource and capital

could get equal rate of pay at any time and point, and it

La =£(1+e_% —e‘d) | .
2 , d represents the competitive equals to discount rate.

advantage of agriculture relative to tourist industry,

suppose it equals to the competitive disadvantage of 3.1.3 The Competitive Consumption and Cooperative

. . . d—0 Consumption of Non-Renewable Resources in Coupled
tourism relative to agriculture. Whend =Y resource System.

inclines towards tourism; whend = resource inclines ~ Then it considers the problem of competitive
towards agriculture. That is to say, the smaller the value  consumption and cooperative consumption of non-
of d is, the smaller the utility of agriculture (expressed in renewable resources under the coupled system of

per capita income) than that of agriculture will be. agriculture and tourism:
Ba (IMulti-period model of non-renewable resource
d= “B. 1 oot _g consumption
Order B, suppose * =+, define” =€ = —€ "7, Consider objective function:

de(0,0) re(-11)

] t=00
~ MaxW = I U(C, e "dt
Then L, = LlTr, Lg = L1+Tr (10) =0

So, objective function could be transformed into: Constraint condition:

= 2( B B st d—S =-R
MaxW = [ £ =24 22l Tt (14)
o L\1+r 1-r
; With further deformation, it considers that non-
Constraint condition: renewable resources select its mining approach Re within
B R timet=0andt="T, get:
ffK »/B. B Objective function:
& ol r)- 2o Ba)
(11) t=oo
The present value of Hamilton function in model is: Max\W = J.U(Rt)efptdt
_2( By . B 2(Bg B, "
He= E(1+ P rj+ R(-R)+ w{Q{K“ R f(1+ r T 1 Cpnstraint condition:
(12) ds
Get following through solution: S.t.a =-R

15)
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As the constant improving of marginal discount, social
welfare will rise continuously, so only the discount of
marginal benefit is equal at any time, social welfare will

be maximum.  Suppose U(R):IOR(R)dR, then

ou
a_Rt: P(R), that is to say, marginal benefit of non-
t

renewable resources equals to the net price of non-
renewable resources.

_ Jat
Then Pe ™ =P, , in other words, R=Pe™

Further assume that the demand function of non-
renewable resources is nonlinear function:

P(R)=Ke R = K = pe™® (16)

When R =0, P = K. So the K in function represents
that when such kind of non-renewable resources consume
away, or when the price of such non-renewable resources
is K, the society will use other alternative resources to
replace such kind of non-renewable resources.

_ ot _ -aR
From R =Fe and P(R)_ Ke
/A _ a—aR
Re” =Ke (17)

Hamilton function of present value in above model

, we could obtain

IS:

H=U(R)+R(-R)
(18)

d_P - th’_d_P_Fd_U =

Through solution: we get Gt dt  dR
(19)

Through using optimal control theory of maximizing
principle, the resource stock at time T is 0, at this

_ _ pr
moment, R=K , then K =Fee ,

F)Oept = KE_aR

0

combining with
, We get:

Pe” = Pe” R = R(t)=

(T-1)

» |

(20)

:
s = [ R(t)t
NERIC
)

[ PH-
:>s_oa(T t)dt
b
:T:(@j
Yo

=Py Ke (25)%

= B, =Re?("T)

= R, :%(T —o):(%)%

(21)

Ry =0,R, =§(T ~t)
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(2Zompetitive cost model of non-renewable resources
under coupled system of agriculture and tourism.

Under coupled system, suppose both agriculture and
tourism have a representative enterprise competing for
non-renewable resources in market. Their consumption of

resource is RA,RB respectively. Industry profits are

7 =PxR4 and 7B = PxRg respectively, market

interest rate is I, and as these two industries are in
competing situation, it considers market price P to be
exogenous and fixed.

Constructing objective function:
T it
Max 7= jo (70 + 75 Je"dlt
Constraint condition:
T
st. S= I (R +Rg )it
0
P(R)=Ke R 22)

If the exploiting rate of non-renewable resources is not
equal to the obtained discount marginal profit in these
two industries, so the increase of total profits could be
increased by adjusting the exploiting rate. Therefore,
maximization principle can be used to conclude:

O pt i =Py=Pe ™ =R,
OR (23)
The solution of above Hamilton function of present

2aS j%

value in above model is: T = (_i

=Pk = Ke(2ias):

= P, =ReltT) = pe'

i 2is )2

i
Ri =Rat +Rg; =E(T _t)
(24)

(3The  collaborative  consumption  model  of
nonrenewable resources under coupling system of
agriculture and tourism.

Under the relations of cooperation, the two industry
has performed unified management to the consumption of
non-renewable resources by means of coupling method.
As a result, the market price P is no longer exogenous,
but the production of big industrial system after relying
on coupling system. Assume that agriculture and tourism
jointly set up a representative enterprise, and the
consumption of non-renewable resources in the market

cooperatively. Its consumption of resource is Ras  Total
profit is#AB = Pag % Pag , market interest rate is i .
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Constructing objective function: T
T . 0
Max 7 :I 7€ tdt _ a—aR
| e P(R)=Ke (25)
Constraint condition: The following could be obtained through
maximization principle:
Ot _Rp P(R)=K(1-aR, e 2R = Ke"-aR)gaR _ kelnl-aR)-aR
Rpgy  OR (26)
R € (R,O) In the same way, the solution of above Hamilton
~Infl-aR,)~-aR, function of present value in above model is:
T- 4as %
O pg t ~ Ke-22R 7 —P = Ke—(ias)}/z
aRAB,t (27)
. it-T) it
=P =Re )2 = Poeé
. i isV2 . i
= Ry =R =2—(T _0)=(—j Rt =Rpg1 =0,Rpg; =—(T _t)
a a 2a (28)

In order to distinguish it from competitive industries,

superscript  ” is used to represent the consumption of
cooperative industry to non-renewable resources. It is not
difficult to find that:

T<T,R<R.R>R.R;>R,R =R.R>R

Through summing up above points, we find that for
the big system after coupling two industries of
agricultural and tourism, mutual cooperation is more
sustainable than non-renewable resources in development
and consumption of non-renewable resources. Coupling
cooperative industry is to extend the exploiting and
consumption time of non-renewable resources based on
the price control on the products produced by non-
renewable resources, therefore, it has delayed the
consumption of non-renewable resources to a certain
extent.

3.1.4 The Optimal Configuration of Renewable Resources

In the consumption of some resources in the coupled
systems of agriculture and tourism, some resource
belongs to the renewable resources, such as forestry,
fisheries resources and so on. For simplicity, under the
coupling system, only one or two renewable resource
consumption is considered. When inspecting the coupling
industry of ecological tourism and ecological agriculture,
due to the typical property of ecological fishery
sightseeing tourism, therefore, the following mainly takes
fishery resources as example. Other situation can be done
in the same manner. In addition to the above considered

BA(gt)

A

H,

The following is obtained through solution:

—Cal9:,S)+ R (G(S)- gt)+a)t(Q{Kt ; gt}_

constraints of the resources and labor to the development
of industry system, this section also increasingly
considers the impact of environmental pressure on the
sustainable development of multiple industry system.

3.1.5 The Optimal Use of Renewable Resources in Closed
System

Build ecological agriculture system model in the type of
fishery resource consumption as following:

Objective function:
t=00
Max\W = J' {M —C,(g,,5, )}eptdt
t=0 La
Constraint condition:
ds
St = G(S)- g,
dK B
m = Q(Kt ) gt)_M_CA(gt ) St)
At (29)

Where Ba represents the total profit of agricultural

employee depending on fishery resources for living. La
represents the quantity of agricultural employee

BA
depending on fishery resources for Iiving,L— expresses
A

the concept of per capita.
Hamilton function of present value in above model is:

BA(gt)

At

—CA(gt,St)j

(30)
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He g, 1,Ba Ln p_ (aQ oCy 1xaBAj:O

094 - Lya 09 00 09y 09y La g
dP, oG(S oC
T p ( t)+ A
dt oS, oS,
do
d_t = pay — Qg
t (31)

The social welfare maximization model in the
3.1.6 The Optimal Utilization of Renewable Resources in ~ coupling system of ecological agriculture and fishery
Open Coupling System tourism based on the framework of fishery resources,
Through summing up above derived results, then the  labor supply and environmental constraint is shown as
limited renewable resources, labor supply, the optimal  following:
utilization problem under coupling system of agriculture Objective function
will be considered.

Max\W :t]'w( BA(gt)+ BB(gt)_ CA(gt!St)_ CB(gt’St)_ EA(gt!‘]t)_ EB(gt’St)]eptdt

LAt LBt LAt LBt LAt LBt
Constraint condition:
st as _ G(Sy)- gy
dt  Lp +Lg

dJ _ MA(gt)+ MB(gt)_5AJAt _Ogda N()
dt Lt Lgt Lt Lot La+Lle
K _ QA(Kt,gt,E(gt,Jt))JFQB(Kt,gt,E(gt,Jt)){BA(gt)+ BB(gt)}[CA(gt,St)}B(gt,St) Ve (g
dt LAI LBt LAI LBI LAt LBI LAl + LBt

Where BA, Bg respectively represent the total profit resources. That is to say, the smaller the value of d is, the

smaller the agricultural utility (expressed with per capita
income) than tourism utility based on fishery resources
consumption will be.

of the agriculture and tourism employee depending on
fishery resources for living.

Introduce variable d, let La :%(ue% _e—dj, d dogBa

represents the competitive advantage of agriculture Order B, assume @ =1, define
relative to tourism bas_ed on fishery resources r—ed_g %, d e(0,0)r e(~12)

consumption, assume that it equals to the competitive

disadvantage of tourism relative to agriculture. When L, = Ll—r Lg = |_1+r,|_: Ly+Lg

d =0 resources inclines towards the tourism based on So ] 2 ) :
, . d — oo So, the objective function could be transformed to be:
fishery resources consumption; when , resources

inclines towards the agriculture based on fishery

MaxW :t]‘w{z[ Ba + Bs _CA(gt’St)_CB(gt’St)_ EA(gt"Jt)_ EB(gtyst)}}e—ptdt
t=0

E 1-r 1+r 1-r 1+r 1—r 1+r

Constraint condition:

615



COMPUTER MODELLING & NEW TECHNOLOGIES 2014 18(12C) 609-618 Luo Yi

o|_K=3[QA(K“9“E(gt,Jt))+QB(Kt,gt,E(gt,Jt))}g{BA(gt)+ BB(gt)}_
L L

dt 1-r 1+r 1-r 1+r

g{CA(gt.Sthb(gt,st)}_\i
L

1-r 1+r L
d_S:G(St)_gt
dt L
d_‘]:EI:MA(gI)_FMB(gt)} 2|:5A‘]Al 5B‘JBt:| N(VI)
d L| 1-r 1+r Ll 1-r  1+r L (33)
Hamilton function of present value in above model is:
H :E BB(gt)+BA(gt)_CA(gt’St)_CB(gt'St)_EA(gt"]t)_EB(gt"]t) +P G(St)_gt
oLl 14r 1-r 1-r 1+r 1-r 1+r ' L
+a)t{ngA(Kngt,E(@Jt,Jt))+QB(Kt,gt,(ngt))]
L 1-r 1+r
_20Ba(9), Ba(9) | 2/ Cal90S), Cal(90S) | Ve
L 1-r 1+r L 1-r 1+r L
+/’11{ |: ( ) ( )j| 2|:5A‘]At+5BJBl:| N(Vl)} (34)
L -r 1+r Ll 1-r 1+r L
%=0:>
Through solution, we obtain: 99y
gc’BBA>< 1 +aBBX 1 2 5CA>< 1 +8CBX 1
o9, 1—r o9, 1+r o9, 1—r o9, 1+r
_2(2Ea(9::3) 1 FEa(9.d) 1 ) R
L o9, 1—r o9, 1+r L
“+eo, 2 =< oQ, 4 oQ . =< oE + . oQ, aQB Es
L(1—r) og, oE, o9, |_(1+ r) ag, 8gt

2 8BAX 1 +6BBX 1 2 8CAX + .
L\ o9, 1—r og, 1—r L o9, 1—r agt 1+r
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ON
= w, = A, <
= ATy
oG (S
dr _ F’t—Ptxix—( t)+£><a)t>< 1 xaCA+ 1 xaCB
dt L s, L 1—r &S, 1+r &S,
d—QZPa)t—a)txgx 1, 9Qn, 1 9
dt L (1—-r &K, 1+r oK,
35
—d/’ltz,oﬂt+£ﬂ4t _1 < S, + < Sg +£>< 1 xaEA+ 1 xaEB (35)
dt L 1—r 1+r L 1—-r A3, 1+r o3,
2 1 oQ, OE, 1 8Q, oE,
——Xa)t > > > >
L 1-r OE, &3, 1+r oE, &3,

3.1.7 The Explanation and Analysis for Part of the Model

Foon 4, represents the shadow price of fishery

resources, capital stock, environment pollution stock
based on constraints of three aspects including natural
resources, labor and environment respectively, which is

the static condition of optimum configuration;
dP. do, dA,
dt '~ dt ' dt

represents the situation of various
shadow price which varies along optimal path
respectively, which is the dynamic condition of optimum
configuration.

4 Conclusion

Coupling process of industry system is essentially the
process of self-organization. It is the process of open,
nonlinear competition and nonlinear cooperative process
among different industries, and it will finally realize to
make the system develop towards more orderly direction.
This article has proposed that the mutual relationship
among industries within system could be divided into
three kinds of relationship including uncorrelation,
complementary and competition. Then it performs
classification discussion to the optimal configuration
problem of non-renewable resources and renewable
resources in open coupling industry system through
building mathematical model and combining with the
optimal control theory, distinguishes the difference
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