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ABSTRACT

The low-carbon design of wetland park landscape is very important to maintain the water balance
and carbon balance of human and ecosystem. The combination of an increase in carbon emissions
and a decrease in carbon capture increases net carbon emissions. Based on the coupling and coor-
dination analysis between water ecological construction and carbon emission of urban park wet-
land ecological landscape, this study constructed a carbon-water (CW) coupling simulation model
of urban park wetland ecological landscape, proposed a low-carbon urban park wetland water
ecological model, and then analyzed the coupling effect of carbon and water and carbon emission
prediction of urban park wetland. The above method is supported by the recognition technology
of CW coupling mechanism of urban park wetland and the reasonable allocation technology of
water resources based on low-carbon model, and the technical innovation is realized in these two
aspects. Finally, the low-carbon water resource allocation plan of urban park wetland is discussed.
The results show that economic development and energy consumption will be developed accord-
ing to the extended or low-carbon model, and the agricultural and forestry irrigation quota will be
reduced by 0.01~0.02 mm and 10,000 m?/ ha, respectively. The irrigation water utilization coefficient,
the water consumption rate of canal system and channel system were increased to 0.74 and 0.85
respectively. The technological innovation and results of this study provide new ideas and methods
for low-carbon landscape design and water resource management of wetland landscape ecology.
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1. Introduction

Under the background of climate change, environmen-
tal ecological problems have evolved into water balance and
carbon balance problems of human beings and ecosystems
[1]. At present, the world is focusing on the development of
carbon emission reduction related research. On the basis of
the implementation of ecological planning such as return-
ing farmland to forests, the net carbon emission is still at a
high level. The model of “suppressing sources and reduc-
ing sinks” is gradually replacing the model of “increasing
sources and reducing sinks”, and has not yet achieved the
transition to the model of “reducing sources and increas-
ing sinks” [2]. Current climate change mitigation mea-
sures separate “source reduction” and “sink increase”, and
have not focused on the extent to which climate change is
affected by other greenhouse gases, it was impossible to
find the complex causes of “sink reduction” and propose

effective “sink increase” measures. It lacked comprehensive
regulation of “source reduction” and “sink increase” [3].

The traditional socio-economic demand for water
resources is growing, which makes the ecological water use
more and more seriously occupied. The economic develop-
ment has led to the increase of net carbon emissions (CE)
[4,5]. Low carbon development mode has become the cur-
rent main development mode. With the implementation of
ecological environment restoration measures, the contra-
diction between social and environmental water use is con-
stantly being optimized, and gradually tends to “reduce
water consumption”. Sources increase sinks, but it has not
yet reached the ideal state of negative net CE [6]. At pres-
ent, the discussion of the global “carbon theme” is mainly
around the CO, concentration, and the analysis of the
“water problem” is based on the shortage of fresh water.
These basic studies provide a theoretical basis for relevant
research in the ecological field [7].
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How to adjust the relationship between carbon “source/
sink” and water use, and reduce the net CE through water
resource allocation has become an important research direc-
tion in the field of ecological environment research. Yao and
Song [8] studied CH, and CO, in wetland ecosystem and ana-
lyzed potential emission factors. The research results highlight
the emission characteristics of CH, and CO, under various
water levels, providing a theoretical basis for wetland resto-
ration. Bonetti et al. [9] learned from the analysis that, after
20 y of restoration, the results show that the fence restoration
of semi-arid rain irrigated wetland has almost no impact on
microbial dynamics and carbon process. This study will help
relevant scholars to design the most effective wetland res-
toration measures. Were et al. [10] analyzed the impact of
paddy wetland on climate, and compared the CO, and CH,
fluxes in different seasons. The results showed that the CO,
flux of paddy fields in dry and rainy seasons was significantly
higher than that of vegetation communities in natural pro-
files; and it was predicted that the future emissions of CO,
and CH, from wetlands in the study area would mainly come
from paddy wetlands, and had faster expansion rate.

This study constructed the wetland water ecological
environment in urban parks, analyzed the coupling and
coordination between CE, expanded the theory of wetland
water resource allocation, linked the carbon cycle with the
water resource system, and realized the technology of water
resources to cope with climate change. Innovation, espe-
cially providing technical support for climate change mit-
igation. Taking an urban wetland park as an example, this
study will coordinate the relationship between the society
and ecology to meet the multi-dimensional goals of eco-
nomic development, carbon emission reduction, ecological
environment protection, wetland habitat maintenance, and
groundwater level restoration. practical significance.

2. Process simulation of carbon and water coupling
elements in urban park wetland landscape

2.1. The general idea of ecological landscape simulation modeling

Carbon water (CW) coupling simulation is an import-
ant part of eco-hydrological simulation. It is also a key
technology for water resources and ecological assessment,
which meets the requirements of water resources planning
and ecological planning [11,12]. The CW coupling model
mainly focuses on energy flow, natural social water cycle,
and carbon cycle process. Energy processes affect the flux
and stock of CW cycle elements, such as photosynthetically
active radiation that directly affects net primary productiv-
ity, and determines the sensitivity of evapotranspiration.
heat, latent heat, and changes in canopy air domain, veg-
etation, and soil temperature; with the continuous devel-
opment of social economy, ecological water use is affected
by social water use, resulting in changes in CE and carbon
capture processes. Therefore, water intake, factors such as
water delivery, water use, drainage, and recycled water
utilization are taken into account in the water cycle; The
wetland park is dominated by the wetland ecological envi-
ronment, with water as the landscape matrix and water
and land transition zone as the characteristics. After contin-
uous succession and evolution, the habitats are stable and
diverse, and the biological populations including plants and

animals are very rich, and the plant landscape is rich and
varied, and flexible animals travel through it. CE, carbon
dioxide emissions from vegetation, capture processes, allo-
metric growth of vegetation itself, and soil decomposition
processes have become the focus of carbon cycle research.

2.2. Simulation of elements and processes in wetland park design

Energy flow, water cycle, and carbon cycle are the key fac-
tors in the CW coupling model [13]. The energy flow mainly
analyzes the surface radiation process, sensible heat, latent
heat and soil heat flux; the carbon cycle mainly analyzes the
social and economic CE, as well as the productivity gener-
ation, material distribution, and decomposition of organic
matter in the ecosystem; The natural water cycle mainly ana-
lyzes the processes of snow accumulation and snowmelt,
soil water process, and surface runoff; the social water cycle
mainly analyzes the historical data of water resource use
in the region [14]. For specific simulation methods, Table 1.

3. Construction of urban park wetland water ecology
under low carbon

3.1. Ecological landscape model construction method

Wetland park is a wetland landscape area with the func-
tions of species and habitat protection, ecological tourism
and ecological education. The construction of wetland land-
scape should take wetland protection and restoration as
the premise, and pay attention to the principle of ecological
protection. Water resources allocation is the key technology
for carrying out water resources planning, implementing
comprehensive regulation and scientific management of
regional water resources [15]. RAWRLC is a water resource
allocation model with multiple water sources, multiple users,
and multiple control elements [16]. The model uses modular
programming technology to integrate the data pre-process-
ing simulation module, optimization simulation module and
post-processing module; among them, the optimization simu-
lation module is the core module of the model [17]. The data
pre-processing simulation module mainly includes the format
processing of long series of water supply and demand data,
carbon emission and carbon capture data, and the operation
and scheduling rules of water conservancy projects; the data
post-processing module is formatted and output according
to user needs, including different optimal simulation results
of actual water supply, water consumption, water short-
age rate, CE, carbon capture, and net CE in regions and dif-
ferent water users [18]. Among them, the carbon capture of
the configuration unit needs to be calculated in combination
with the spatiotemporal statistical results of the daily output
data of the carbon cycle simulation model, as shown in Fig. 1.

3.2. Objective function and constraint analysis of
landscape security pattern

Select the water shortage and net carbon emission as the
key target factors. Let the minimum function of water short-
age of the unit be expressed as f,(x); the minimum function
of the net carbon emission of the unit is expressed as f,(x);
the minimum value of the difference between the net CE of
adjacent units is f,(x); the minimum function of the differ-
ence between adjacent units’ water shortage is f,(x).
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Table 1

Simulation methods for elements of energy flow, carbon cycle and water cycle

Thread Element process Simulation method
Energy flow Long wave radiation Law of energy balance
Shortwave radiation
Sensible heat flux Canopy and surface energy balance
Latent heat flux
Soil heat flux Calculation by capacity, thickness, temperature, etc.
Carbon cycle  Artificial Carbon emission Carbon emission coefficient method
Natural Net primary productivity Simulate respiration and photosynthesis
Material distribution Increment distribution in blade, sapwood and root
Material circulation Calculation according to the life value of leaves,
sapwood and roots of vegetable type
Death Considering the natural and stress death of fallen leaves
Decomposition of soil organic Considering temperature, soil moisture content and
matter decomposition time
Water cycle Natural Snow melting Temperature index method
Surface runoff Houghton slope runoff
Infiltration Green Ampt model
Soil water movement Havercamp, Mualem formula
Groundwater movement Bouusinessq equation, Darcy’s law, etc.
Swallow hair Penman Monteith formula
Slope confluence Kinematic wave model
River confluence Kinematic wave model and dynamic wave model
Artificial Water intake, transmission, con- Statistic historical data and assign weights

sumption and drainage

F={A(x) £(x), £(x), £ (x)}

fi (x) = minZT:iW(t,m,x)
t=1 m=1

f(x)=min} >"C,.(t,m,x) (1)
t=1 m=1

f,(x)=min|AC,, Coee (b +1,%)=C, (£,m, %)

fa (x) = min‘AW‘ = min‘W(t,m + 1,x) - W(t,m,x)‘

T M

=min

where t is the period, m is the calculation unit, and x is the
water supply. It W(t,m,x) is the water shortage of the x first
time m period t; it is AW the W(t,m,x) difference between
adjacent configuration units; x it C_,(f,m,x) is the net car-
bon emission of AC_, the first time m period: t the difference
C, . (t;mx) between two adjacent calculation units during
the time period t. The constraints on the total amount of
wetland water consumption are shown in Eq. (2).

SwW.. ()<

where W_ (t) t is the amount of water resources that can
be consumed at time; p is the frequency of incoming water;
W_ .(p) is the amount of water resources that can be con-
sumed at time p. The calculation of unit water balance

constraints is shown in Eq. (3).

W, (p) @)

4%

demand

(t,m,n) W, (t,m,n)

reseviors (t’ m, I’l) - Wundergs (t’ m,n) (3)
-W (t,m,n)—Wp&fs(t,m,n)

where k (1) is the weight of the total water demand of the
calculation unit, W, (tmmn), W_ _(tmmn), W__ . (tmn),
eman rivers reseviors
w (tmmn), W (t,mn), W are the water demand,
A undergs reuses . p&fs(t,m,n)
river water supply, reservoir water supply, groundwater
water supply, reclaimed water reuse, and rain and flood
resources of the calculation unit in period f, respectively.
The balance calculation formula of reservoir water vol-
ume is shown in Eq. (4).

VR(t+1,r)=VR(t,r)+AVR(t,r)- VRD(t,r) - VRL(t,r) (4)

where VR(t,r) and VR(t + 1,r) are the initial and final stor-
age capacities of the r reservoir hub in case of f, respec-
tively; AVR(t,r), VRD(t,r) and VRL(t,r) are respectively the
storage change, discharge volume and water loss of the r
reservoir when ¢. For the carbon balance constraint process,
set C_ (t,m,x) x the net CE as follows, Eq. (5) f m.

net(

Cnet(t,m,x) :Crelease(t,m,x)—c t,m,x)

capture (
N

= Zcrelease (t’ m, x’n) - Zq:ccapture (t’ m,x, p) <0

n=1 p=1
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Fig. 1. Wetland water resources allocation model under low-carbon mode.

where C_, _(t,m,x), Copture(L11,X) are respectively x the carbon
emission and carbon capture in the C_, _(t,m,x,n) follow-
ing t time. m, C__ (tm,x,p) are respectively x the CE and
carbon captures of the following industries, Eq. (6) m n t.

(t,m,x,p) = NPPd(m,x,p)xt

capture turn

Al [ 24 x A(m,x,p)]

PP =28.
e nep) -]

(6)
x0.5x10™° x 86400

where NPP (m,x,p) represents x the daily net primary pro-
ductivity kg-C of each carbon “sink” at the p next f time,
and the unit is m; t_ represents the time conversion coef-
ficient between time t and day; Ah represents m the p sun-
shine hours of each carbon “sink” A(m,x,p); represents x
the p next m. The photosynthesis rate of the carbon “sink”,
in unit umol(CO,/m?>s); Ra(m,x,p) x the vegetation respira-
tion rate of the next carbon “sink”, umol(CO,/m*s); p other
m constants represent the conversion coefficient of carbon.
CW relationship index constraints, Eq. (7).

NRW (t,m,x)=RW(t,m,x) - CW(t,m,x)

L

CW(t,m,x):M zq:Ccapme(t,m,x,p)/ @)
i:ws (t,m,x,n)<CW,,

where NRW(t,m,x) represents x the net emission bene-
fit of unilateral water and carbon in the following time;
RW(t,m,x), t, m, respectively CW(t,m,x) represent W (t,m,x)
the x carbon emission benefit, carbon capture benefit, and
water consumption of unilateral water and carbon in the
following time; RW__, t are m, respectively CW__. the m
carbon emission benefit of unilateral water and carbon
The maximum value and the minimum value of carbon
capture benefit. For the calculation of carbon emission
capture effect, Eq. (8).

PRC, (t,m)=

Cpri_release (t’m) / an (t TI’Z) < max PRC
pcC, (1)

8
(L)W (em)<minpcc O

pri_ capture

where pri represents PRC_(t,m) the carbon emission and
capture benefits of water W .(t;m) conservancy projects, pri,
PCC L(t;m), respectively. tm Cprl relea&e( ,1m), CPrl CaPmre(t m) are
t the wadmg volume, carbon emission benefit and Carbon
capture benefit of the project, respectively; maxPRC
are the minPCC_ historical sequence maximum value and
ori capturelE71) historical sequence minimum value of unilat-
eral water, respectively. Cprl retease(E1) For the calculation of

groundwater level constraints, Eq. (9).

Ug,..(t,m)<Ug(t,m)<Ug, (tm) )
where Ug . (t,m), Ug(t,m), Ug__(tm) are t m the shallow-
est groundwater depth, groundwater depth, and deepest
groundwater depth, respectively. For the calculation of the
minimum water supply guarantee rate constraint, Eq. (10).
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S, (t,m,n) 2s . (t,m,n) (10)
where s (t,m,n) and s__ (f,m,n) are the assurance rate of water
supply and the minimum assurance rate of water supply
for the n industry of m in case of t. The ecological water
demand constraint on the slope is shown in Eq. (11).
Wsed(t,m, k)= Wsed, . (t,m,k) (11)
where Wsed(t,m,k), Wsed , (t,m,k) are the actual value and
the minimum value of the ecological water requirement
t m of the first k kind of slope, respectively. Constraints on
river ecological flow process, Eq. (12).
Wred(t,m) >Wred (t,m) (12)
where Wred(t,m), are Wred__ (t,m) the actual value and the
minimum value of the ecological water requirement of the
river in time, respectively. t m Eq. (13) for environmental
water constraints.
Wevd(t,m)>=Wevd,, (t,m) (13)
where Wevd(t,m), Wevd _ (t,m) are t m the actual value
and the minimum value of environmental water demand,
respectively.

For the solution of the model, the genetic algorithm is
used to calculate f,(x), and calculate the optimal solution f*
of each goal function. Then the shortest distance from the
ideal point is calculated mind[f(x)], and finally the satisfac-
tory solution is calculated through the genetic algorithm [19].

4. Coupling effect of carbon and water in urban park
wetlands and prediction of CE

4.1. CW coupling mechanism

This study takes a certain Yanghu Wetland Park as an
example. The park is divided into wetland ecological com-
munity, wetland ecological conservation area, wetland
biodiversity display area, public service area, wetland sci-
ence and education area and wetland ecological corridor.
The greening rate is as high as 70%, and the negative oxygen.

4
— UF a=0.05 ;

34 . UB - a=0.10 ,"\‘/I "
g2 o=y
)
(=]
8
=
£
Q
g
(a9

971 1981 1991 2001 2011 2020

Years
(a) MK inspection

Fig. 2. (a) Mann-Kendall inspection and (b) MMT inspection.
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The ion content is 6 times higher than that of the central
city. Based on the concept system of wetland CW coupling,
according to the needs of CW coupling simulation and ratio-
nal allocation of water resources, explore the internal rela-
tionship between key elements in the watershed CW cycle,
especially the relationship between natural water cycle and
carbon capture, as well as the relationship between social
water cycle and CE relationship.

Fig. 2 shows the precipitation inspection results of the
wetland park. Taking the precipitation from 1971 to 2020 as
the basic data, the Mann-Kendall method was used to test,
and it was found that the mutation point of 2005-2015 was
between 2007-2010, as shown in Fig. 2a. Tested by the Multi-
media Mass Transfer model (MMT) method, it is found that
the mutation point is located in 2009-2010, as shown in Fig. 2b.
Comparing the results of the two tests, it can be seen that the
abrupt change point of precipitation first appeared from 2005
to 2010, and the precipitation gradually decreased after 2015.
Therefore, the verification period and verification period of
water cycle are set as 2005-2010 and 2011-2015, respectively.

Taking the monthly runoff data of three hydrological
stations from 2005 to 2015 as the research object, the relative
error between the simulated and measured runoff values
and the Nash-Sutcliffe efficiency were selected (Table 2).

The leaf area index was selected for verification, and
field investigations were carried out in spring, summer
and autumn. Among the measured and simulated values,
the relative error of about 73% observation points is within
40%, as shown in Fig. 3. It can be seen from the measured
results in Fig. 3 that only 27% of the measured values have
a relative error of more than 40%, and most of the measured
values are similar to the simulated values. This result is
acceptable due to the larger model cells.

The characterization of wetland CW coupling quanti-
tative relationship mainly includes three aspects, namely
carbon emission coefficient, capture coefficient and net
emission coefficient. According to the data from 2015 to
2020, the value of each coefficient can be obtained, as shown
in Fig. 4. Among the carbon emission coefficients, the aver-
age values of social economy, production, and living car-
bon emission coefficients are 0.0078, 0.0076 and 0.0084 t/m?,
respectively. Showing an increasing trend, Fig. 4a. The aver-
age carbon capture coefficient of wetland area from 2015 to

-0.51

—
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Time Parameter Hydrometric station1  Hydrometric station2  Hydrometric station 3
Calibration period (2005~2010)  Relative error 0.20 0.23 0.27

Nash coefficient ~ 0.96 0.85 0.84
Validation period (2011~2015) Relative error 0.12 0.18 0.43

Nash coefficient ~ 0.95 0.94 0.67

2020 was 0.0012 t/m® which decreased by 61.2% compared

with 2015 in 2020, but since 2016, the carbon capture coeffi-
cient of wetland area has shown a rising trend, as shown in
Fig. 4b. The average net emission coefficient of carbon in the
wetland area from 2015 to 2020 was 0.0067 t/m? moreover,

since 2015, the net carbon emission coefficient of wetland
area has shown a growing trend as a whole. Compared with
2015, it has increased by 159.3% in 2020, as shown in Fig. 4c.

4.2. Carbon emission prediction model construction

[ According to the formula in the IPCC guidelines,

obtained [20], Eq. (14).
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Fig. 4. Quantitative relationship of wetland carbon water coupling. (a) Carbon emission coefficient, (b) carbon capture coefficient
and (c) net carbon coefficient.
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where Ce, represents t the carbon emission of the year,
¢, represents j the CE coefficient of the type energy, and g,
represents the proportion of type j energy efficiency in year
t. Gross production value of wetlands and capital stock
can be converted into comparable prices in 2010 [20-23],
Eq. (15).

K =K_ (1-8,)+], (15)
where K, K, represent t the capital stock in the , year and
year, respectively, and t-1 represent the economic depreci-
ation rate, which is 9.6% according to previous research.
Suppose the energy intensity is t(t), the initial annual energy
intensity is 1, and the growth rate of energy intensity is
v, [24-27], Eq. (16).
Int(t)=Int,+ot+e (16)
where ¢ represents the error term. The energy intensity of
wetlands is calculated by local energy consumption and
GDP data, and linear regression fitting is carried out [28-31]
(Table 3).

The linear regression result is good, R? = 0.948, and the
v_is -0.03, so the fitting model is shown in Eq. (17).
t(t)=2.035x e (17)

Through Eq. (17) it can be concluded that the annual
decline rate of energy intensity is 3%. Further calculate
the economic changes through the optimization model of
the dynamic relationship, assuming that the t number of
employees in the year is L(f) [32,33], the linear statistical
model is shown in Eq. (18).

1{28] =InA4, +a1n[lgétt))]+ yInL(t)+ot+¢

After linear regression analysis through SPSS, the opti-
mal economic growth parameters can be obtained, as shown
in Table 4. The linear regression result is good, R* = 0.995,
except for y, the significance test of other parameter levels
is less than 0.05, which indicates that other parameter levels
are significant.

Therefore, the dynamic relationship model is modified
to obtain the calculation Formula of the optimal economic
growth rate [34,35], as shown in Eq. (19).

(18)

1-a

Y(t)=Ae"K(t)"E(t) ", 0<A<1, O<oa<l

e (19)
g(t):—(l/8)[p—(8—6‘r(t))(Aoe t) t(t) }

Table 3

Parameter estimation of energy intensity
Parameter Parameter T Level of

value significance

In(t) 0.72 44.575 0.000
(4 -0.03 12.706 0.000

T

If the derivative of energy intensity is 0, then when the
growth rate is maximum and optimal, the energy intensity
relationship is shown in Eq. (20).

(20)

where T represents the maximum energy intensity of the
wetland from 2010 to 2020, and the value of the variable
0 is 24.757. According to the constraints, the adjustment
parameter can be 8 8.904, which o is —0.830.

Based on the extended development model, the bench-
mark year is set as 2020, and the energy intensity and
economic growth rate are 1.42 t/10,000 yuan and 12.3%,
respectively. The results of 2025, 2030 and 2040 are calculated
based on the above data. The results show that the carbon
emission in 2025 will increase by 87.29% compared with
that in 2020, but on the whole, the energy intensity of wet-
lands will continue to decline, and the energy consumption
will increase significantly.

According to the energy intensity, energy consumption
and energy structure, it is predicted that the CE in 2025,
2030 and 2040 will be 0.004912, 0.005805 and 0.007059 Mt,
respectively, with an increase of 34.5%, 58.9% and 93.35%
compared with 2020. Although the energy intensity and
the proportion of low-carbon energy have decreased, due
to the rigid demand of economic development for energy,
the CE will still show an increase trend by 2040, but the
increase rate will decrease, Table 5.

4.3. Prediction and analysis of water demand in wetland park
landscape

Based on the natural monthly runoff data from 2000 to
2010, the average runoff flow in the driest month of each

year is selected, and then the monthly runoff Q , and the

Table 4
Estimation of economic parameters

Parameter  Parameter value T Level of significance
In(A,) 1.667 4496  0.003
v 0.010 2.583  0.034
a 0.488 6.016  0.000
Y 0.098 0.572  0.587
Table 5

Prediction of energy consumption, carbon emissions and
energy intensity

/ 2025 2030 2040
Energy consumption (Mt sce) 0.0991 0.17699 0.56458
Carbon emissions (Mt) 0.0684 0.12217 0.38968
Energy intensity (t/10,000 yuan) 1.27 1.09 0.81
Optimal economic growth rate (%) 8.24 6.92 5.26

0.59298 0.84561 0.149433
0.0746 0.0916 0.1199

GDP (RMB100mn)
Energy consumption (Mt sce)
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annual average monthly diameter with a frequency of 90%
are calculated, respectively. The flow Q_ is based on the
principle of ensuring that the river does not flow, and the
monthly average water demand quota Q__ is selected, Table 6.

Therefore, it can be calculated that the annual ecolog-
ical water demand of the upstream river in the wetland is
21,400 m® and the annual ecological water demand is only
13,600 m* based on 90% monthly runoff. On the premise
of ensuring the water level, considering various ecologi-
cal indicators comprehensively, the monthly average water
level guarantee rate is between 65% and 75%, and the
annual ecological water demand of the wetland is 47,200
and 38,900 m?, respectively. The water demand for wetland
ecological environment in 2015, 2020 and 2030 is shown
in Table 7.

4.4. Water allocation plan for Wetland Park

The rational allocation plan of urban wetland water
resources based on the low-carbon development model is
mainly set from five aspects: social and economic devel-
opment, water supply model, water use model and water
conservancy project layout.

4.4.1. Base year 2020

After understanding the water shortage rate and net
carbon emission level of wetland ecological water demand;
agricultural irrigation quota, industrial GDP added value
water consumption and domestic water quota will be
reduced by 15%, and irrigation water utilization rate and
canal water utilization rate will be increased by 5%, respec-
tively. %, reduce groundwater supply. The scheme adopts a
high water-saving scheme.

Table 6
Monthly average water demand quota of wetland rivers
(10,000 m?)

ParamEter Qm% Qave Qem
River 1 0 0.053 0.053
River 2 0.0419 0.1019 0.0419
River 3 0.0589 0.0935 0.0589
River 4 0 0.002 0.002
River 5 0.0718 0.1544 0.0718
River 6 0 0.0047 0.0047
Table 7

Water demand for ecological environment (10,000 m?)

Region Wetland
Current level 2025 1.5040
2030 1.7883
2040 2.5885
Planning level 2025 1.2533
2030 1.4902
2040 2.1571

4.4.2. Horizontal year 2025

This scheme is a high water-saving scheme, the average
agricultural irrigation quota is reduced to about 0.117 mm,
and the forestry irrigation quota is reduced to 3,400 m*ha.
At the same time, the utilization coefficient of irrigation
water and the utilization rate of canal water were increased
to 0.74 and 0.85, respectively.

4.4.3. Horizontal year 2030

This scheme is a high water-saving scheme, and the
agricultural and forestry irrigation quotas are reduced by
0.01 mm and 0.2 million'm*ha, respectively; the irrigation
water utilization coefficient and the canal water utilization
ratio are increased to 0.74 and 0.85, respectively.

4.4.4. Horizontal year 2040

This scheme is a high water-saving scheme, and the
fixed amount of agricultural and forestry irrigation is fur-
ther reduced by 0.01 mm and 0.1 million-m®ha; the irri-
gation water utilization coefficient and the canal water
utilization ratio are increased to 0.74 and 0.85, respectively.

5. Conclusion

For an urban wetland park, a reasonable allocation
scheme of water resources based on low carbon model in
different levels of years in the future is proposed, and the
following conclusions are drawn:

First, based on the extended development model, the
benchmark year is set as 2020, using the relevant data of
2020. The energy intensity and economic growth rate are
respectively 1.42 t/10,000 yuan and 12.3%. Based on the
above data, the wetland energy consumption and CE in
2025, 2030 and 2040 are calculated. The results show that CE
will increase by 87.29% in 2025 compared to 2020, but the
overall energy intensity of wetlands shows a continuous
downward trend, and energy consumption has increased
significantly.

Second, according to energy intensity, energy consump-
tion and energy structure, the CE in 2025, 2030 and 2040 are
predicted to be 0.004912, 0.005805 and 0.007059 Mt, respec-
tively, an increase of 34.5% and 58.9% compared with 2020
and 93.35%. Although energy intensity and the propor-
tion of low-carbon energy have decreased, due to the rigid
demand for energy in economic development, CE will still
increase by 2040, but the rate of increase will decrease.

Thirdly, the urban wetland water resource allocation
scheme under the low-carbon model is proposed. (a) Base
year is 2020. Understand the water shortage rate and net
carbon emission level of wetlands after ecological water
demand; The agricultural irrigation quota, water consump-
tion of industrial GDP added value and domestic water quota
will be further reduced by 15%, and the utilization rate of
irrigation water and canal system water will be increased by
5%, respectively, to reduce groundwater supply. The scheme
adopts a high-water saving scheme. (b) Horizontal year 2025.
This scheme is a high water-saving scheme, the average
agricultural irrigation quota is reduced to about 0.117 mm,
and the forestry irrigation quota is reduced to 3,400 m’/ha.
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At the same time, the utilization coefficient of irrigation
water and the utilization rate of canal water were increased
to 0.74 and 0.85, respectively. (c) Horizontal year 2030. This
scheme is a high water-saving scheme, and the agricultural
and forestry irrigation quotas are reduced by 0.01 mm and
0.2 million'm*ha, respectively; the irrigation water utili-
zation coefficient and the canal water utilization ratio are
increased to 0.74 and 0.85, respectively. (d) Horizontal year
2040. This scheme is a high water-saving scheme, and the
fixed amount of agricultural and forestry irrigation is fur-
ther reduced by 0.01 mm and 0.1 million'm®/ha; the irrigation
water utilization coefficient and the canal water utilization
ratio are increased to 0.74 and 0.85, respectively.

To sum up, the low-carbon design of wetland water
environment in urban park provides a water source guar-
antee for the construction of wetland landscape, and is also
the ecological environment basis for creating good wetland
landscape effect. This low-carbon design not only helps to
improve the efficient use of water resources, but also helps
to achieve the coordinated development of ecological and
economic objectives. This finding highlights the importance
of low-carbon strategies in water resource management
and ecological conservation in urban wetland parks.
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