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a b s t r a c t 

Demographic, economic, social, and climate change are all putting pressure increasing on natural resources 

through global energy, food, and water demand growth, which threatens the well-being of the ecosystems. To ad- 

dress this scientific and political challenge, a dual-purpose optimization tool has been proposed with the approach 

of minimizing the environmental effects and development costs of the region in line with resource consumption 

management, which optimally takes resources from the ecosystem, and regarding development approach (eco- 

tourism development in this study), it has suggested the optimal strategy to improve the economic benefits. 

Moreover, this model is able to propose some effective management policies on resource planning at the re- 

gional level. This approach has been applied to Shif Island in the south of Iran. The main results are: (i) The 

regional potential has the possibility of increasing more than 2067 tourism numbers per year, which can com- 

pensate for a large part of the regional development costs. (ii) The regional management strategy of wastewater 

and solid waste resources with the view of the nexus approach development of the system (development of the 

eco-industrial park) and the ecosystem (the relationship between the soil and plant model) and the system devel- 

opment models in line with the regional demand), can reduce waste production to about zero and provide more 

than 90% of the region’s fertilizer needs in order to improve the ecosystem’s performance. (iii) In this model, the 

producers of materials and energy are the main inputs of the ecosystem, and the outputs of the ecosystem include 

the outputs of the agriculture, forestry, animal husbandry, and fishing process in the remote areas, as well as 

mineral resources (industrial raw materials and fossil resources), renewable energy, etc. Consumers consist of 

humans and living organisms of the urban-rural ecosystem. 

In general, in this paper, the aim is to develop a practical method for analyzing the symbiosis of living and 

non-living parts of the ecosystem in terms of water- Food-Energy and Ecosystem nexus model. In this regard, a 

hybrid technology model has been suggested to minimize the dynamic cost of changes in line to reach an optimal 

path for the development of living and non-living interaction. 
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bbreviation 

Y max , i , t maximum yield of crop production 

re a ag i , t an area dedicated to the mangrove forest 

iomass facto r i biomass production in kg of crop product 

 

1 , 2 , 3 
constant coefficients 

P carbon to phosphorus ratio 

N carbon to nitrogen ratio 

ro p 1t tomato production 

 SO M t 
carbon concentration in soil (pools) 

ompos t f i , t producing compost from composting technology 

T residual capacity of technology 

T i , t the capacity of technology i 

D/dt mangrove growth rate 

EG D min minimum degree- day of growth 
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EGD degree- day of growth 

mission facto r i , t technology diffusion coefficient i 

E eco-efficiency index 

E max maximum eco-efficiency 

ES eco-efficiency number 

 leachin g N nitrate leaching losses in soil 

 P immo b t 
immobilization of organic phosphorus during miner-

alization of soil organic matter 

 weathering material weathering 

 percentage of residual carbon in the soil after decom-

position as SOM 

CT the historical capacity of technology 

 J , 1 k J , 2 decay rate constant of soil organic matter (s − 1 ) 

 occl phosphorus occlusion rate 
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 de p pot sediment reaction coefficient 

 the base reaction rate that forms the enzyme-

substrate product complex 

 number of evaluation events 

 de c t and P de c t decomposed N and P values 

 J , t P J , t pool dimensions (gm − 2) of nitrogen and phosphorus

CT new capacity of technology 

r N t nitrogen concentration in plant residues 

r P t phosphorus concentration in plant residues 

 ap p t applied nitrogen 

 C , i the nitrogen concentration of compost 

 D t nitrogen demand 

e g t the average release of nitrogen gas 

NA nutrient index (the ratio of phosphate concentration

to the maximum phosphate content) 

 𝑬 𝒊 , 𝒐 𝒖 𝒕 𝒑 𝒖 𝒕 , 𝒕 energy output from technology i 

𝐄 𝐢 , 𝐢𝐧𝐩𝐮𝐭 , 𝐭 input energy to technology i 

 i t production of tomato biomass 

 out , i , t output concentration of various technology combina-

tions i 

WHOUSED fresh water demand in household 

lec facto r i , energy , t electricity consumption per mass input to technology

i 

X L i , t carbon emissions of each flow 

ertilize r f i , t fertilizer consumption in the region 

 N immo b t 
, F P immo b t 

flux immobilization of inorganic Nitrogen and phos-

phorus in soil 

 sur f P t 
surface adsorption flux of phosphorus 

 occl p t phosphorus occlusion flux 

 leachin g N nitrate leaching 

 weathering material losses due to weathering 

 leachin g P phosphorus leaching 

 N mo b t 
gross nitrogen mineralization rate 

 P mo b t 
gross phosphorus mineralization rate 

 N immo b t 
losses of organic nitrogen during the mineralization

process 

 ij the fraction of SOM that goes from pool i to pool j 

 leachin g P leaching losses of soil phosphorus compounds 

 de p N deposition of ammonia and nitrate in the atmosphere

 sur f P depletion of surface phosphorus 

 absorbed nutrient flux 

 N mo b t 
, F P mo b t 

immobilization flux of inorganic nitrogen and phos-

phorus 

 sur f 𝑃 adsorption of phosphorus surface flux 

 J , t , N J t total phosphorus and nitrogen added to the soil 

 f , i nitrogen produced from manure 

e N t , N e P t Erosion of nutrients (Phosphorus and Nitrogen) 

e g t Losses of gaseous Nitrogen 

 ap p t applied phosphorus 

 C , i phosphorus production from the composting process 

ri probability of random state variable X in an uncertain

system 

 C , i phosphorus concentration of compost 

 f , i production of phosphorus from manure 

 de c t decomposition losses of soil organic matter 

 S adsorbed content for phosphorus 

 D t phosphorus demand 

 ap p t applied phosphorous in the soil 

ij standard value calculated from raw data 

j sum of the standardized index in year j 

 information entropy of an uncertain system 

𝒊 the upper limit of technology i 

S entropy changes of ecotourism development 

𝐂 , 𝐢 , 𝐭 conversion parameter of different combinations of

technology i 
w  

2 
i , energy , t the energy efficiency of technology i 

i , t the efficiency of technology i 

 i x i environmental impacts 

r probability in eco 99 calculation 

WHOUSED non-drinkable water demand in household 

ntroduction 

Food, Energy, and Water (FEW) are essential resources for a region’s

ustainable development. These resources have an interconnected ef-

ect [46] , energy is needed for water pumping, collection, treatment,

nd distribution of water. At the same time, energy is very important in

ood production and processing, as in the fertilizers generation, irriga-

ion, packaging, processing, and storage of food, and it appears in the

ustainable Development Goals (SDGs) [44] . 

Energy provision as one of the sustainable development policies re-

uires regional water resources. The transfer to biofuels will lead to

 wider water-food nexus for various sectors, especially global trans-

ort in line with the circular economy [ 20 , 25 ]. In 2019, Raul Munoz

astillo et al. analyzed the synergy between land and water use for

ioethanol production and its environmental impact across Brazilian

tates. It showed that there is a significant difference between irrigated

nd rainfed ethanol production due to water and land scarcity [43] .

ext, Mohamad Abdel-Aal in 2020, examined the spatial and temporal

ffects of the use of anaerobic digestion (AD) as one of the methods of

iofuel production, in line with the WEF framework and the quantifica-

ion of environmental, social, and economic benefits associated. To do

his, an agent-based model (ABM) was developed to simulate AD emis-

ions across the UK, and various scenarios were explored to predict the

uture [1] . 

Moreover, between food and energy, water is also a vital resource

or the sustainable economic and social development of a region. Water

ecurity is often a priority in the depletion of triple resources [8] and

any scales are selected based on water-based environmental contexts

 31 , 41 ]. Water resource management in regional development is not

ust about drinking water production but also includes wastewater man-

gement. For the development of an urban-rural area, there is a need

o build applicable decision-making tools in terms of resource scarcity

onsideration, and the minimization of the environmental impact ac-

ording to the economic power of the area. industrial symbiosis is an

pproach to optimizing the wastewater treatment system in industrial

states. It is done by reusing organic matter in food wastewater (as an

xternal carbon source in advanced centralized wastewater treatment

lants (WWTP). Some biodegradable organic matter, such as food waste,

hich is abundant in industrial wastewater, can be used as external car-

on sources for disinfection. The industrial symbiosis model focused on

astewater treatment systems at the level of industrial parks and has

aved many costs and environmental benefits [28] . In 2020, Mohd Arif

isrol et al. developed a mathematical model to maximize the continu-

us benefits of water recycling and water integration in a superstructure

astewater management system [42] . Moreover, some researchers have

orked on the synergy between water- Energy, and food nexus [21] .

n this regard, a study has been developed to investigate the synergy

otentials of water integration and solid waste utilization using Pareto

ptimization [18] . In this way, Chihhao Fan et al. conducted an inte-

rated assessment model of water, Food, and Energy(WFE) deficiencies

n the urban sector. In this regard, using a linear regression model and

imultaneous equation model (SEM) and weighting of each of the main

ariables, different scenarios have been investigated such as population

rowth, technology-based development of agriculture, energy structure

mprovement, and access to water resources [13] . In 2020, Huang et al.

escribed the structure of WFE in an urban area using a set of equations

ystems. In this study, the SEM method has been used instead of only

ne indicator to identify the nexus of different sectors, This method is an

ffective method for the exchange mechanism in the structure of Nexus,

hich can have more reliable results than recent work [29] . Besides,
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chull VZ et al. modeled the water, energy, and food nexus with a view

f water management. In this work, an agricultural watershed in north-

estern India was surveyed using the WFE nexus framework. Spatial

nd temporal analysis of the water model was identified and studied

sing SWAT software. One of the main characteristics of this study was

he evaluation of water quality using the water-energy and food nexus

ramework [52] . Saige Wang examined the effects of the water sector

nd energy-related decisions and developed an evaluation framework

or the water and energy nexus scenarios by using of input-output table

ethod to predict the future of the energy sector in China [57] . In 2019,

aphaël Payet-Burin et al. developed an open-source model of hydro-

conomic optimization. This model incorporates water, agriculture, and

ower systems with a holistic approach. In this model, they examined

he potential and investments required to prioritize the development of

ydropower generation, irrigation of the agricultural sector, and net-

ork connection [48] . In 2018, Kuang-Yu Yuan et al. introduced a way

o minimize the environmental impact of development. In this method,

onsidering the interactions between water, energy, and food, they have

erformed a spatial optimization for three energy products (rice, corn,

nd sugarcane) in four main scenarios of climate change. To this end,

ife cycle assessment, linear programming, and climate change simula-

ion model have been integrated to develop the bioenergy production

hain and due to the benefits of bioenergy, its development priorities

ave been identified according to the current renewable energy policy

n Taiwan [60] . Integrating the study of consumption patterns and con-

umer behavior in the nexus framework can play an important role in

educing the overall impact of development on the environment in the

uture [40] . 

While Nexus provides a strong framework for interdisciplinary study,

uch research has been done on the "security" of regionally focused

esources from a resource trade perspective, and in this regard, envi-

onmental impact assessment alone cannot be a set of relationships be-

ween natural underlying processes [11] . In Korea, a comprehensive

tudy was done on the whole supply chain. The target of this project

as Eco-industrial parks (EIP) development analysis in economic per-

ormance using the IoT method. They tried to enlighten the national

nancial system reforming and planning [ 14 , 47 ]. The economic power

f the region is another lever of development, which should be provided

y the regional potential. In this way, one of the economic perspectives

f local development is regarding the local potential for tourism devel-

pment. Unfortunately, in the 20th century, we faced major changes

n technology, political, and economic changes in rural areas, and they

ave brought a large number of challenges in this area. Dorobantu et al.

tudied the sustainable development of local Romanian communities

hrough ecotourism., and they tried to show the relationship between

ural ecotourism development and some requirement in line with sus-

ainable development in these regions [50] . Fan et al. used the eco-

fficiency coefficient for resource, economy, and environment manage-

ent toward sustainable development and showed that the scale and

umber of regions could change their performance [14] . 

One of the main risks of regional development is the barrier effect

f development on ecosystem regeneration and restoration. So, it is so

mportant to fill the gap between system enlargement, and ecosystem

egeneration. A regenerative point of view can lead to an optimal in-

erconnection between the system and the ecosystem to a large extent.

cosystems that can recover, renew, or revive their energy, material,

nd information resources not only produce regenerative products that

an be recycled but also lead to improving the environmental condi-

ions during the product’s life cycle. In this regard, Regenerative design

eeks to address the ongoing degradation of ecosystems by developing

he built environment to restore the capacity of ecosystems to function

ptimally in health for the mutual benefit of human and nonhuman life

10] . It can add an Ecosystem part to the water-Food, Energy nexus

odel. Biowaste management can augment the ecosystem regeneration

pproach. Tareq Al-Ansari et al. studied the relationship between the

roduction and use of fertilizer and livestock, and the water system,
3 
hich through mechanical and thermal desalination processes supplies

ater to agriculture demand and an energy subsystem, natural gas pro-

uction, and renewable solar energy system [17] . The analysis shows

hat the food system is the biggest cause of global warming, and re-

ional development [2] . 

Studies in the past have focused on a more systemic approach to river

asin connectivity and global scale. The WEAP [59] LEAP tool combines

n allocation energy system (LEAP) with a hydrology-agricultural model

WEAP-cropWat) [45] . This tool has been used in the context of the Tana

iver basin in Ethiopia [30] and California [59] . As a simulation (rather

han an optimization tool) it is limited to exploring user-defined sce-

arios. CLEW1, GAEZ-WEAP-LEAP [27] was this type’s first integrated

odeling approach. It analyzed simultaneous scenarios of GHG reduc-

ion, adaptation, energy, water, and agricultural development. CLEW2

pproach, GAEZ-WEAP-OSeMOSYS-MAMS includes an optimization in

he energy sector using the Open-Source Energy Modeling System (OS-

MOSYS), which enables the optimization of energy investments and

heir performance [53] . World Bank’s Evaluating Climate Resilience

WBecr) approach is the most comprehensive to date [12] . It simultane-

usly assessed 8 major African river basins, agricultural plans, and more

han 40 countries. The approaches are open source and allow dynamic

ptimization and trade-offs for water use in each basin. WE2F Nexus

UNECE) LISFlood-OSeMOSYS is the use of the LISFlood model [56] to

reate potential water production constraints in the OSeMOSYS model

26] . This tool considers not only the average hydrology but also the po-

ential effects of flooding. ASBmm (ICWC), Aral Sea Basin Management

odel (ASBmm) and BEAM [49] are software product basin economic

llocation models, that are useful for evaluating projects and using wa-

er, land, and other natural resources. which provides the possibility

f evaluating the social, ecological, and economic conditions of cer-

ain regions and countries. GAEZ Global Agro-Ecological Zones [16] is a

lobal tool that helps calculate potential yields and water for up to 280

rop/land use types under alternative input and management levels for

istorical, current and future climate conditions. CLITools has been de-

eloped by MIT and Indecon [9] . These are open-source tools that allow

ynamic optimization of water allocation, including optimization across

rops. The BEAM model [49] estimates the welfare variation associated

ith changes in water allocation. OSeMOSYS is an open-source energy

ystems model. It is typically extended to include water, land and green-

ouse gas emissions [ 26 , 3 ]. LISFLOOD [56] is a GIS-based hydrological

recipitation and runoff model developed at the JRC. It includes a one-

imensional hydrodynamic channel routing model that is currently used

o simulate water resources in Europe, Africa, and on a global scale. 

Regional nexus modeling concerning the natural limitation is a chal-

enge in most nexus models, which requires entering the structure of

he soil, and other ecosystem elements’ interaction in terms of social

elfare in an optimization nexus approach. It can make a guarantee to

evelopment of the ecosystem regarding nature’s limitations. 

Regenerative design is an integral component of the ecosystem. In

ther words, Soil as one of the forgotten links of water, energy, and

ood nexus is another requirement to study. Soil is the cause of runoff

ransfer and infiltration into irrigated water, which is eventually given

y the soil to green water for plant growth. In addition, soil plays an

mportant role in the conversion of agricultural, animal, and tree waste

nto humus nutrients in the soil, which, of course, is ultimately used

s nutrients for plant growth. The sludge of the water treatment pro-

ess can also be used as plant nutrients. Contaminated water (gray and

lack) must be converted to blue and green water through filtration pro-

esses and then enter the soil [33] . In this respect, A multi-study model

as developed in India. This model developed in different economic,

ocial (population growth), and environmental aspects. Cooling tech-

ologies in the power plants are one of the most important items, which

ere used to estimate the optimum water withdrawal and the amount

f CO2 reduction in the water-energy nexus framework. Moreover, the

tilizing different types of electricity generation technologies and dif-

erent renewable and fossil fuels were entered into the model and their
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E

nteraction with water consumption was surveyed to make a strategy for

olicymakers [54] . 

he gap, aims, and objectives of the paper 

Given that the Nexus approach originates from the understanding

hat water, energy, agriculture, and natural ecosystems have strong

nter-linkages, and under a sectoral approach, it moves towards achiev-

ng resource security so that development takes into account Water,

nergy and food without the approach of mutual effects of ecosystem

ustainability, the security of access to resources in the region may face

isks due to future limitations. This study, to identify mutual links, syn-

rgies, and exchanges in an industrial area with the Nexus approach,

o identify solutions, strengthening the security of access to resources in

he future by considering economic drivers and increasing the efficiency

f resource exploitation. Water, food, and energy, and reducing the ef-

ects and risks of development on ecosystems have been addressed in

he agricultural sector (soil productivity considering the development of

atural resources). In this regard, the integrated water-energy-food and

cosystem model has been developed with the Nexus approach to en-

ble the analysis of mutual links between sectors and to provide positive

ynergy according to development potentials. This is done by adopting

n integrated and coordinated approach across sectors to reconcile the

otential of conflicting interests as sectors. Moreover, sensitivity anal-

sis has considered the regional development options, which have the

ompetition for access to scarce resources, while it has been identified

nd strengthened the current opportunities extremely dependent on the

imitation, which leads to augment the ecosystems. 

On the other hand, Soil is a non-forgotten section of nature. The

nique natural organization of soil forms the foundation of any food-

ater-energy linkage system. It moderates the soil-water-plant-energy

exus by providing green water (from precipitation) to plants and soil

rganisms, which in turn enables the production of biomass as a source

f food, feed, fiber, and biofuel. As a result, the soil is not only the ba-

is for the provision of natural resources: food, water, and energy but

lso urgently needs to be integrated with understanding the complex

nterdependence of each food, energy, water, and soil system. Here, the

cosystem elements such as forest, and crop growth and their interac-

ion with the soil have been considered as some systems, in which the

uman-made systems development affects the ecosystem elements’ qual-

ty and growth. 

In this study, according to the economic challenges in the stud-

ed area and the importance of ecotourism development, the effects of

astewater and solid waste pollution will be intensified. The economic

evelopment of the region requires the development of basic infrastruc-

ure and increases the operational capacity of the region. Moreover, the

evelopment of ecotourism causes the management of waste and sewage

nd its effect on the regeneration of the region in terms of making soil

ertilizers, and the additional effects on the soil capacity improvement

or the agricultural sector with regard to the available natural resources

o support the production of organic materials. 

On the other hand, the potential of exploiting energy resources in

emote areas can provide the possibility of long-term investment in this

ector with the participation of the private sector for the development

f the region. 

ethodology 

Energy services, including lighting, heat, and power supply, are a vi-

al demand for the development of societies. Rural areas often have min-

mal access to energy due to limited access to finance and development

nitiatives. While people in these areas also need the energy to meet

heir daily needs, to have a healthy and modern lifestyle, and to grow

heir level of economic activity. Residents of all these regions, includ-

ng rural areas, should have an equal opportunity to access sustainable

nd affordable energy. In this project, we try to develop an integrated
4 
odel for rural development, in which residential places are near the

ea ( Fig. 2 ). In this regard, First of all, after the data gathering process, it

as been modeled all of the regional sectors (energy, water, agriculture,

nd soil), and it has been considered all interactions between different

ections. Some constraints have been utilized in the model (demand and

upply constraint, Maximum capacity development constraint, environ-

ental impact constraint, resource input to the region limitation, etc.).

t should meet the main current and predicted demand based on the

opulation growth and the output of the eco-tourism model. A multi-

bjective model has been applied to select the optimum capacity for

ach technology in the region. 

The objective function of an integrated agroecosystem model in-

ludes two main approaches: maximizing Value-added by developing

he Shif region and minimizing environmental impacts(Eco-indicator 99

inimization [ 23 , 22 ]). Therefore, the optimization process should solve

ulti-objectives. A common method to evaluate a sustainable ecosystem

s considering Eco-efficiency. The eco-efficiency of Eco-Industrial Park

EIP) is defined as the ratio of value-added to the environmental impact.

his conceptual model has been developed to evaluate the integrated en-

rgy and environmental management system in Shif Island. The model

as been extended to include industrial and non-industrial Water, En-

rgy, Agricultural, and Waste supply chains. The non-Industrial water

upply chain includes water withdrawal from the sea, water extraction

rom air humidity, and solar energy. Domestic sewage and wastewater,

hich are sent to the collection and treatment units and then stored in

on-drinkable water storage tanks, are consumed in agriculture and as

reywater. Tidal technology has been considered for power generation.

he energy supply chain includes various technologies for power pro-

uction, heat, and cooling. The connection of the integrated system to

he national grid has also been assumed. The leading technologies rep-

esented in the model include, among other technologies such as PV,

HP, and waste power generation. Decentralized PV is used for lighting

he streets, and the centralized PV electricity generation is sent to the

ocal network. The transformation of Shif Island into an ecotourism zone

s considered a prosperity factor for further development. The develop-

ent of ecotourism shall lead to the expansion of economic and social

ctivities, which would require expansion of the supply chain of goods

nd services, which would be associated with an impact on the environ-

ent. Ecotourism would require the minimization of waste discharge

nto the environment and the accretion of natural resources. Therefore,

he present study aims at maximum recycling and reuse wastes and

tilization of renewable energy sources. The development of agricul-

ure in the region would be modeled with the help of the Liebig law,

nd the growth rate of agricultural products is optimized subject to the

imitation of nutrients. Furthermore, the interactions between soil, at-

osphere, and biosphere are modeled in order to identify the path of

ustainable development of land use ( Fig. 1 ). Formally, the relative eco-

fficiency of EIP k can be calculated as follows [36] : 

 𝑬 = max 

( 

𝒚 ∑𝒎 
𝒊 =1 𝒘 𝒊 𝒙 𝒊 

) 

(1) 

.𝑡. 
𝒚 ∑𝒎 

𝒊 =1 𝒘 𝒊 𝒙 𝒊 
≤ 1 , ∀𝑗 = 1 , 2 , … , 𝑁. 

𝒘 𝒊 ≥ 0 , ∀𝑖 = 1 , 2 , … , 𝑚 

(2) 

𝑬 𝑬 : 𝐄𝐜𝐨 − 𝐞𝐟 𝐟 𝐢𝐜𝐢𝐞𝐧𝐜𝐲 
𝒚 : 𝐕𝐚𝐥𝐮𝐞 − 𝐚𝐝𝐝𝐞𝐝 
𝒘 𝒊 𝒙 𝒊 : 𝑬 𝒏 𝒗 𝒊 𝒓 𝒐 𝒏 𝒎 𝒆 𝒏 𝒕 𝒂 𝒍 𝒊 𝒎 𝒑 𝒂 𝒄 𝒕 

Relative eco-efficiency has been defined as a non-dimensional indi-

ator, and it is defined as follows [37] : 

 𝑬 𝑺 = 

𝑬 𝑬 

𝑬 𝑬 

𝒎 𝒂 𝒙 (3) 

𝑬 𝑬 𝑺 : Eco-efficiency Score (Eco-efficiency measured) 

𝑬 𝑬 

𝒎 𝒂 𝒙 : 𝑻 𝒉 𝒆 𝑴 𝒂 𝒙 𝒊 𝒎 𝒖 𝒎 𝐄𝐜𝐨 − 𝐞𝐟 𝐟 𝐢𝐜𝐢𝐞𝐧𝐜𝐲 , which is observed in all

IPs 
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Fig. 1. The framework of eco-industrial park 

in Shif Island. 
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Variability of the environmental impact may be estimated with the

elp of minimizing Eco-indicator 99 for a given probability level. The

efinition of this performance measure increases the level of probabilis-

ic constraint: 

r 
[
𝑬 𝑪 𝑶 99 ≤ 𝛀

]
≥ 𝑲 (4)

The deterministic equivalent of this probabilistic constraint can be

btained by using chance-constrained programming [ 35 , 55 ]. Specifi-

ally, by subtracting the mean ( ̂𝑬 𝒄 𝒐 99 ) and dividing it by the standard

eviation of the Eco-indicator 99 ( 𝑬 𝑪 𝑶 

𝑺 𝑫 
99 ), the chance constraint, nor-

alized function, and the final equation can be written as: 

r 

[ 

𝑬 𝑪 𝑶 99 − 𝑬 𝒄 𝒐 99 
𝑬 𝑪 𝑶 

𝑺 𝑫 
99 

≤ 

𝛀 − 𝑬 𝒄 𝒐 99 
𝑬 𝑪 𝑶 

𝑺 𝑫 
99 

] 

≥ 𝑲 , (5)
5 
( 

𝛀 − 𝑬 𝒄 𝒐 99 
𝑬 𝑪 𝑶 

𝑺 𝑫 
99 

) 

≥ 𝑲 (6) 

 𝑪 𝑶 

𝑺 𝑫 
99 𝜙

−1 ( 𝑲 ) + 𝑬 𝒄 𝒐 99 ≤ 𝛀 (7)

The general objective function can be changed as: 

𝐚𝐱 
( ( 

𝑬 𝑬 𝑺 = 

𝐕𝐀 𝐟 𝐢𝐧𝐚𝐥 ∕ 𝐄𝐜𝐨 − 𝐢𝐧𝐝𝐢𝐜𝐚𝐭𝐨𝐫 99 
𝑬 𝑬 𝒎 𝒂 𝒙 

) 

, − 𝛀
) 

(8) 

In all technologies, first, according to the conversion efficiency of

he material, the amount of material required can be calculated. Next,

ccording to the concentration of substances in the different mass flows,

he final concentration of the substance has been estimated. Moreover,

he amount of energy consumed through consumption factors is entered
Fig. 2. Model structure of this paper. 
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nto the model as a coefficient of mass input proportional to production.

he carbon emission of each stream has been generated based on energy

onsumption. 

 𝑴 𝒊 , 𝒐 𝒖 𝒕 , 𝒕 = 𝑻 𝑴 𝒊 , 𝒊 𝒏 , 𝒕 × 𝜼𝒊 , 𝒕 (9)

 𝒐 𝒖 𝒕 , 𝒊 , 𝒕 = 𝑾 𝑴 𝒊 , 𝒊 𝒏 , 𝒕 × 𝜼𝑪 , 𝒊 , 𝒕 (10)

 𝑬 𝒊 , 𝒐 𝒖 𝒕 𝒑 𝒖 𝒕 , 𝒕 = 𝑻 𝑬 𝒊 , 𝒊 𝒏 𝒑 𝒖 𝒕 , 𝒕 × 𝜼𝒊 , 𝒆 𝒏 𝒆 𝒓 𝒈 𝒚 , 𝒕 + 𝑻 𝑴 𝒊 , 𝒊 𝒏 , 𝒕 × 𝜼𝒊 , 𝒆 𝒏 𝒆 𝒓 𝒈 𝒚 , 𝒕 

×𝒆 𝒍 𝒆 𝒄 𝒇 𝒂 𝒄 𝒕 𝒐 𝒓 𝒊 , 𝒆 𝒏 𝒆 𝒓 𝒈 𝒚 , 𝒕 (11) 

 𝑿 𝑳 𝒊 , 𝒕 = 𝑻 𝑬 𝒊 , 𝒊 𝒏 𝒑 𝒖 𝒕 , 𝒕 × 𝒆 𝒎 𝒊 𝒔 𝒔 𝒊 𝒐 𝒏 𝒇 𝒂 𝒄 𝒕 𝒐 𝒓 𝒊 , 𝒕 (12)

Where, 𝑇 𝑴 is the mass flow for each technology, i are differ-

nt technologies(Air-water generation, Tidal power plant, Freshwater

ipeline, Freshwater Reservoir, Seawater pipeline, Desalination tech-

ologies (Reverse Osmose, Thermal desalination, desolenator), Filtra-

ion, Undrinkable water pipeline, Undrinkable water Reservoir, Algae

arvesting, Fish waste process, Biodiesel production, Waste process,

naerobic Digestion, Composting process, Waste conversion, Recycling,

ce making, Fish processing), X is the concentration of the different sub-

tance in streams, TM is the mass flow in different technology, TE is the

nergy flow in different technology, 𝜼 indicates the efficiency of differ-

nt technology for energy and material conversion, 𝒆 𝒍 𝒆 𝒄 𝒇 𝒂 𝒄 𝒕 𝒐 𝒓 𝒊 , 𝒆 𝒏 𝒆 𝒓 𝒈 𝒚 , 𝒕 
s used to estimate the electricity consumption per mass input, EXL illus-

rates the carbon emission of each technology, in and out are the input

nd output flow, and consequently, t indicates the time horizon of the

roject. 

The capacity of each technology has been chosen as: 

 𝑻 𝒊 , 𝒕 + 𝑵 𝑪 𝑻 𝒊 , 𝒕 ≤ 

𝐇 𝑪 𝑻 𝒊 , 𝒕 

𝜼𝒊 , 𝒕 
(13)

CT, NCT, and HCT are the current, new, and historical technology

apacity, respectively. 

It means that the technology capacity selection has been determined

onsidering historical capacity and new required capacities. 

Depending on the amount of material and energy required, the sum

f all resources that can produce materials and energy shall always be

ess than the total amount of production. In other words, another con-

traint relates to the supply and demand constraints throughout the sys-

em. Under this limitation, all the energy required by the system, the

nergy, and material required by the system must be supplied through

xisting technologies and input resources for studies. 

20 

𝒕 =1 

∑
𝒊 

𝑻 𝑴 𝒊 , 𝒊 𝒏 , 𝒕 ≤ 𝑻 𝑴 𝒅 𝒆 𝒎 𝒂 𝒏 𝒅 , 𝒕 𝒐 𝒕 𝒂 𝒍 , 𝒕 (14)

Another limitation is the capacity of each technology. According to

he technologies available in the market, a limitation of the high capac-

ty for technologies has been selected for each technology: 

 𝑻 𝒊 , 𝒕 ≤ 𝜶𝒊 (15)

Here, 𝜶 is the upper limit of each technology. 

On the other hand, each technology produces some waste and efflu-

nt. Each of these streams has been converted into energy, water, and

aterials according to waste management technologies. Each of these

echnologies is also included in this model. the model of agriculture

nd natural ecosystems includes the annual growth rate of tomatoes,

ates, mangroves, and grassland species. In the agriculture ecosystem,

onstraints on nutrients change the growth rate of agricultural species,

hich enables the projection of agricultural products. Michaelis-Menten

ethod (as a developed Liebig law) and biomass generation factor have

een used for evaluation of the growth of agrarian product and biomass

eneration, respectively. The rate of biomass generation is used to cal-

ulate the rate of depletion of natural resources. The rate of depletion
6 
f mangrove forests is therefore estimated based on [4] . The main con-

traints of nutrients are related to the demand for nutrients required for

ustaining plant growth. On the other hand, the concentration of the

utrient is increased because of the rate of waste decomposition in the

oil due to waste production by population growth in the area. The min-

mum amount of nutrients required and the amount of nutrients added

o the soil over time determine the amount of demand for nutrients.

ariation of soil SOM concentration depends on different types of the

ool(Non-woody biomass, Woody biomass, Litter, CWD, Fast, Slow, and

assive SOM) [ 6 , 7 , 34 , 39 ]. The transient dynamics of terrestrial carbon

torage are determined by two components: the C storage capacity and

he C storage potential [38] . Table 1 shows different interactions be-

ween Soil- Crop in this study. 

Per FOREMAN model is used for the mangrove forest growth, is

ased on soil salinity, nutrients availability, temperature, and light ra-

iation. The growth equation of this model is as Table 2 [24] . More

etailed data on this method has been illustrated in Appendix A . 

Regarding different interactions in different technologies and differ-

nt ecosystem interactions, the main roadmap of developing this system

as been proposed in this paper. 

esults and discussion 

Interactions between different sectors in Shif Island are shown in

ig. 1 . The figure also indicates different technologies that can be ap-

lied in the region. The model structure of various technologies is pre-

ented in the appendix. The concept of Water-Energy and Food inter-

ctions (WEF) has emerged in response to the climate change impacts

nd the social changes, e.g., population growth, globalization, economic

rowth, urbanization, growing inequalities, and social dissatisfaction.

hese issues put more pressure on water, energy, and food resources.

n this section, the results of two main scenarios based on Table 3 ; an

co-industrial park and ecotourism rural region have been illustrated,

nd the effects of these developing approach in Shif Island development

as been discussed. 

tudy area 

Shif island is a small rural region near the Persian Gulf ( Fig. 3 ). It is

ocated north of Bushehr Port and at the end of Helleh wetland, which

s composed of the interconnection of Shapour and Dalaki rivers. A par-

icular characteristic of this island is that about 40% of the island is

ffected by tidal streams. 

The special feature of this island is that about 40% of the island is

ffected by tidal currents. Shif Island is a coastal area and has a high

otential for tourism development. Due to the lack of proper manage-

ent, in recent decades, not only the number of tourists in this area has

ecreased, but the area itself has also suffered widespread destruction.

o, in this research, taking into account the potential of the region’s

cosystem and its development requirements, it has been investigated. 

ifferent technology development in the rural region (Shif Island) 

In this model, recycling, composting, and energy generation pro-

esses are reviewed as the relevant waste management technologies in

hif Island. Like this model, about 45% of urban waste (food waste) is

uggested using as compost, 30% use in the recycling process, and a

mall percentage of waste can be utilized in the energy production unit.

The number of available nutrients based on agricultural production

nd land productivity is calculated according to Liebig Law. Phospho-

us, nitrogen, and potassium are the most important nutrients for plant

rowth. According to the Liebig Law (minimum level of nutrient require-

ents for plant growth), the plant nutrient demand, its accumulation in

he land, and the nutrient changes can be measurable. In this study,

iomass generation as a source of nutrients has been used, and in the
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Table 1 

Different interaction between Soil- Crop. 

Equation 

Equation 

number Description 

𝑪 𝒓 𝒐 𝒑 1 𝒕 = 
2 ∑
𝒊 =1 

𝑴 𝒊 𝒏 𝒊 𝒎 𝒖 𝒎 𝒊 ( 𝑨 𝒀 𝒎 𝒂 𝒙 , 𝒊 , 𝒕 , 𝑵 𝒊 , 𝑷 𝒊 , 𝑲 𝒊 , 𝒕 ) , 
𝑖 = 1( 𝒕 𝒐 𝒎 𝒂 𝒕 𝒐 ) , 2( 𝒅 𝒂 𝒕 𝒆 , 𝒕 𝒓 𝒆 𝒆 ) 

𝑁( 𝑵 𝒊 𝒕 𝒓 𝒐 𝒈 𝒆 𝒏 ) , 𝑃 ( 𝑷 𝒉 𝒐 𝒔 𝒑 𝒉 𝒐 𝒓 𝒖 𝒔 ) , 𝐾( 𝒑 𝒐 𝒕 𝒂 𝒔 𝒔 𝒊 𝒖 𝒎 ) 

1 (16) Crop Growth function( 𝑪 𝒓 𝒐 𝒑 1 𝒕 ) developing grassland and mangrove forest ecosystems depend 

on their cultivation factors and nutrient limitation [15] . 𝑪 𝑭 ∶ 𝐜𝐮𝐥𝐭 𝐢𝐯𝐚𝐭 𝐢𝐨𝐧 𝐟𝐚𝐜𝐭𝐨𝐫 . 
Michaelis-Menten method (as a developed Liebig law) used for crop growth and nutrient 

limitation 

𝑨 𝒓 𝒆 𝒂 𝒂 𝒈 𝒊 , 𝒕 ∶ 𝒄 𝒖 𝒍 𝒕 𝒊 𝒗 𝒂 𝒕 𝒊 𝒏 𝒈 𝒂 𝒓 𝒆 𝒂 
𝑨 𝒀 𝒎 𝒂 𝒙 , 𝒊 , 𝒕 , 𝑵 𝒊 , 𝑷 𝒊 , 𝑲 𝒊 , 𝒕 : Maximum growth rate 

𝑼 𝒊 𝒕 = 𝑩 𝒊 𝒐 𝒎 𝒂 𝒔 𝒔 𝒇 𝒂 𝒄 𝒕 𝒐 𝒓 𝒊 × 𝑪 𝒓 𝒐 𝒑 𝒊 𝒕 , ( 𝒊 = 𝒅 𝒂 𝒕 𝒆 𝒕 𝒓 𝒆 𝒆 , 𝒕 𝒐 𝒎 𝒂 𝒕 𝒐 𝒂 𝒏 𝒅 𝒈 𝒓 𝒂 𝒔 𝒔 𝒍 𝒂 𝒏 𝒅 ) , (17) 

𝑪 𝒓 𝒐 𝒑 𝒊 , 𝒕 = 𝑪 𝑭 𝒊 , 𝒕 ×𝑨 𝒓 𝒆 𝒂 𝒂 𝒈 𝒊 , 𝒕 ( 𝒊 = 3( 𝒈 𝒓 𝒂 𝒔 𝒔 𝒍 𝒂 𝒏 𝒅 ) , 4( 𝒎 𝒂 𝒏 𝒈 𝒓 𝒐 𝒗 𝒆 𝒇 𝒐 𝒓 𝒆 𝒔 𝒕 ) (18) 

𝑼 4 𝒕 = 
𝒂 − 1 

𝒂 − 𝒂 𝒕 − 𝑻 
× 𝒂 𝑻 +1− 𝒕 − 1 

𝒂 𝑻 +1 − 1 
𝑺 𝒕 −1 , 

𝒂 = 1 . 02( 𝐮𝐧𝐬𝐮𝐬𝐭𝐚𝐢𝐧𝐚𝐛𝐥𝐞 ) , 1 . 05( 𝐥𝐢𝐦𝐢𝐭𝐞𝐝 𝐬𝐮𝐬𝐭𝐚𝐢𝐧𝐚𝐛𝐥𝐞 ) 
, 1 . 1( 𝐬𝐮𝐬𝐭𝐚𝐢𝐧𝐚𝐛𝐥𝐞 ) 

(19) For mangrove forests, biomass generation is based on the prediction of depletion of natural 

resources [32] . 2 

𝑺 ∶ 𝒏 𝒂 𝒕 𝒖 𝒓 𝒂 𝒍 𝒓 𝒆 𝒔 𝒐 𝒖 𝒓 𝒄 𝒆 𝒔 𝒕 𝒐 𝒄 𝒌 

𝐗 𝐢 ( 𝐭) = ( 
𝐧 ∑
𝐣 =1 
𝐟 𝐢𝐣 𝐛 𝐣 𝐮 ( 𝐭) − 

𝐧 ∑
𝐣 =1 𝐣 ≠𝐢 

𝐟 𝐢𝐣 𝝉 𝐢 𝐱 𝐣 ′) × 𝝉 𝐢 (20) 𝒇 𝒊 𝒋 is a fraction of C transferred from pool j to i through all the pathways, 𝒃 𝒋 is a partitioning 

coefficient of C input to the jth pool, 𝒖 ( 𝒕 ) u(t) is C input rate, 𝝉𝒊 measures residence times of 

individual pools in isolation, 𝒙 ′
𝒋 

is the net C change in the jth pool, 𝑿 𝒊 ( 𝒕 ) is the C storage in 

the i th pool. The first term on the right-hand side of the above equation is the C storage 

capacity, and the second term is the C storage potential 3 . 

𝐱𝐣 ′ ( 𝒕 ) = 
𝑿 𝒑 , 𝒊 ( 𝒕 ) 
𝝉𝒊 

, 𝐱𝐣 ′ = 𝒄 𝒐 𝒏 𝒔 𝒕 𝒂 𝒏 𝒕 , 𝐱𝐣 ′ = [ 1; 1; 1; 0 . 91; 0 . 21; 0 . 23; 0 . 79; 0 . 93 ] 

𝝉𝒊 = 
𝑿 𝒑 , 𝒊 ( 𝒕 ) 
𝐱𝐣 ′ ( 𝒕 ) 

4 

(21) 𝐱𝐣 ′ ( 𝒕 ) is the variation of carbon concentration in each pool. 

𝝉𝒊 ∶ 𝐑𝐞𝐬𝐢𝐝𝐞𝐧𝐜𝐞 𝐭𝐢𝐦𝐞 , 𝑿 𝒑 , 𝒊 ( 𝒕 ) is the sum of all the individual net C pool changes. In mangrove 

forest, carbon efficiency and carbon canopy (annual carbon capture) are 0.33 and 032, 

respectively [5] 

𝐮 𝒕 = 𝐦𝐚𝐧𝐠𝐫𝐨𝐯 𝐞 𝐂 𝐜𝐚𝐧𝐨𝐩 𝐲 𝒕 + 𝐠𝐫𝐚𝐬𝐬𝐥𝐚𝐧 𝐝 𝐂 𝐜𝐚𝐧𝐨𝐩 𝐲 𝒕 (22) Carbon canopy is the sum of mangrove and grassland carbon canopy. 𝐮 𝒕 is C input rate 

𝐍𝐫 𝐏 𝒕 = 𝐂 𝐒𝐎 𝐌 𝒕 × ( 1 
𝐂𝐏 

) , 𝐍𝐫 𝐍 𝒕 = 𝐂 𝐒𝐎 𝐌 𝒕 × ( 1 
𝐂𝐍 

) , 
𝐂𝐍 = [ 16; 13; 7 . 9 ] , 
𝐂𝐏 = [ 110; 320; 114 ]( 𝐬𝐢𝐱 𝐬𝐜𝐞𝐧𝐚𝐫𝐢𝐨𝐬 ) [19] 

(23) Biomass SOM can be used for calculating nitrogen and phosphorous concentrations in soil. 

𝐍𝐫 𝐏 𝒕 :P concentration in residue; 𝐂 𝐒𝐎 𝐌 𝒕 :carbon concentration in soil (SOM size); 𝐂𝐏 :C to P 
ratio; 𝐍𝐫 𝐍 𝒕 : N concentration in residue; 𝐂𝐍 : C to N ratio 

𝑵 𝒂 𝒑 𝒑 𝒕 
= 

4 ∑
𝒊 =1 

𝑪 𝒐 𝒎 𝒑 𝒐 𝒔 𝒕 𝒇 𝒊 , 𝒕 × 𝑪 𝒓 𝒐 𝒑 𝒊 , 𝒕 ×𝑵 𝑪 , 𝒊 + 𝑭 𝒆 𝒓 𝒕 𝒊 𝒍 𝒊 𝒛 𝒆 𝒓 𝒇 𝒊 , 𝒕 × 𝑪 𝒓 𝒐 𝒑 𝒊 , 𝒕 ×𝑵 𝒇 , 𝒊 , (24) The amount of nutrients is obtained from fertilizers and compost. 

𝑵 𝒂 𝒑 𝒑 𝒕 
: applied nitrogen 

𝑵 𝑪 , 𝒊 : nitrogen concentration of compost 

𝑵 𝒇 , 𝒊 : nitrogen concentration of fertilizer 

𝑷 𝒂 𝒑 𝒑 𝒕 : applied phosphorus 

𝑷 𝑪 , 𝒊 : phosphorus concentration of compost 

𝑷 𝒇 , 𝒊 : phosphorus concentration of fertilizer 

𝑷 𝒂 𝒑 𝒑 𝒕 = 
4 ∑
𝒊 =1 

𝑪 𝒐 𝒎 𝒑 𝒐 𝒔 𝒕 𝒇 𝒊 , 𝒕 × 𝑪 𝒓 𝒐 𝒑 𝒊 , 𝒕 × 𝑷 𝑪 , 𝒊 + 𝑭 𝒆 𝒓 𝒕 𝒊 𝒍 𝒊 𝒛 𝒆 𝒓 𝒇 𝒊 , 𝒕 × 𝑪 𝒓 𝒐 𝒑 𝒊 , 𝒕 × 𝑷 𝒇 , 𝒊 (25) 

𝑷 𝑱 , 𝒕 = 𝑷 𝒂 𝒑 𝒑 𝒕 + 𝑵 𝒓 𝑷 , 𝒕 , 𝑵 𝑱 , 𝒕 = 𝑵 𝒂 𝒑 𝒑 𝒕 
+ 𝑵 𝒓 𝑵 , 𝒕 

𝑵 𝒅 𝒆 𝒄 𝒕 
= 𝒌 𝑱 , 1 ×𝑵 𝑱 , 𝒕 × 𝒓 𝜽 × 𝒓 𝒕 , 𝒌 𝑱 , 1 = 0 . 0438 , 𝒓 𝜽 , 𝒓 𝒕 = 1 

𝑷 𝒅 𝒆 𝒄 𝒕 = 𝒌 𝑱 , 2 × 𝑷 𝑱 , 𝒕 × 𝒓 𝜽 × 𝒓 𝒕 , 𝒌 𝑱 , 2 = 0 . 00438 , 𝒓 𝜽 , 𝒓 𝒕 = 1 

(26) 𝑵 𝒅 𝒆 𝒄 𝒕 
𝒂 𝒏 𝒅 𝑷 𝒅 𝒆 𝒄 𝒕 𝒂 𝒓 𝒆 decomposed amounts of N and P. 

𝑵 𝑱 , 𝒕 and 𝑷 𝑱 , 𝒕 are pool sizes (gm 

− 2 ) of nitrogen and phosphorus, respectively (j from 1 to 7 

represents the soil organic matter pools: CWD, metabolic litter, cellulose litter, lignin litter, 

fast soil organic carbon (SOC), median SOC, slow SOC); 𝐍 𝐝𝐞 𝐜 𝐭 , 𝐏 𝐝𝐞 𝐜 𝐭 are N and P 

decomposition; 𝐤 𝐉 , 1 , 𝒌 𝑱 , 2 are the rate constant of soil organic matter decay ( s − 1 ) 

𝐫 𝜽, 𝐫 𝐭 (dimensionless) are soil temperature and moisture environmental regulators 

𝑭 𝑵 𝒎 𝒐 𝒃 𝒕 
= 

𝒏 ∑
𝒋 

𝑵 𝒅 𝒆 𝒄 𝒕 
× max ( 1 

𝑪 𝑵 

− 
𝒈 𝒊 

𝑪 𝑵 

, 0 ) × 𝒇 𝒊 𝒋 , 𝑭 𝑷 𝒎 𝒐 𝒃 𝒕 
= 

𝒏 ∑
𝒋 

𝑷 𝒅 𝒆 𝒄 𝒕 × max ( 1 
𝑪 𝑷 

− 
𝒈 𝒊 

𝑪 𝑷 
, 0 ) × 𝒇 𝒊 𝒋 

𝑭 𝑵 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 
= 

𝒏 ∑
𝒋 

𝑵 𝒅 𝒆 𝒄 𝒕 
×𝐦𝐚𝐱 ( 𝒈 

𝑪 𝑵 

− 1 
𝑵 𝑵 

, 0 ) × 𝒇 𝒊 𝒋 , 𝑭 𝑷 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 
= 

𝒏 ∑
𝒋 

𝑷 𝒅 𝒆 𝒄 𝒕 ×𝐦𝐚𝐱 ( 
𝒈 

𝑪 𝑷 
− 1 
𝑪 𝑷 

, 0 ) × 𝒇 𝒊 𝒋 

𝑵 𝒆 𝑵 𝒕 = − 𝑵 𝒅 𝒆 𝒄 𝒕 
+ 𝑭 𝑵 𝒎 𝒐 𝒃 𝒕 + 𝑭 𝑵 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 , 𝑵 𝒆 𝑷 𝒕 = − 𝑷 𝒅 𝒆 𝒄 𝒕 + 𝑭 𝑷 𝒎 𝒐 𝒃 𝒕 + 𝑭 𝑷 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 

𝑵 𝒆 𝒈 𝒕 = 0 . 006 ×𝑵 𝑱 𝒕 

𝑭 𝑵 𝒅 𝒆 𝒑 𝒕 
= 

𝑵 𝒂 𝒑 𝒑 𝒕 

𝑲 𝒅 𝒆 𝒑 𝒑 𝒐 𝒕 ( 1 + 
𝑵 𝒂 𝒑 𝒑 𝒕 

0 . 11 
+ 0 . 000125 

2 
+ 

𝑭 𝑵 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 

0 . 04 × 1000 
+ 0 . 0012 

0 . 011 
) 

𝑭 𝒔 𝒖 𝒓 𝒇 𝑷 𝒕 
= 133 × 64 

0 . 01 × ( 64 + 𝑷 𝒂 𝒑 𝒑 𝒕 ) 
2 

𝑭 𝒐 𝒄 𝒄 𝒍 𝒑 𝒕 
= 𝑲 𝒐 𝒄 𝒄 𝒍 × 𝑷 𝑺 , 𝑲 𝒐 𝒄 𝒄 𝒍 = 12 × 10 −6 , 𝑷 𝑺 = 0 . 2 

𝑵 𝑫 𝒕 
= 𝑵 𝒂 𝒑 𝒑 𝒕 

+ 𝑵 𝒆 𝒈 𝒕 + 𝑵 𝒆 𝑵 + 𝑭 𝒍 𝒆 𝒂 𝒄 𝒉 𝒊 𝒏 𝒈 𝑵 + 𝑭 𝒅 𝒆 𝒑 𝑵 , 𝑷 𝑫 𝒕 = 
𝑷 𝒂 𝒑 𝒑 𝒕 + 𝑵 𝒆 𝑷 + 𝑭 𝒍 𝒆 𝒂 𝒄 𝒉 𝒊 𝒏 𝒈 𝑷 + 𝑭 𝒔 𝒖 𝒓 𝒇 𝑷 + 𝑭 𝒘 𝒆 𝒂 𝒕 𝒉 𝒆 𝒓 𝒊 𝒏 𝒈 + 𝑭 𝒐 𝒄 𝒄 𝒍 𝑷 
𝑵 𝑫 𝑷 𝒕 

= 𝑵 𝒆 𝒈 + 𝑵 𝒆 𝑵 + 𝑭 𝒍 𝒆 𝒂 𝒄 𝒉 𝒊 𝒏 𝒈 𝑵 + 𝑭 𝒅 𝒆 𝒑 𝑵 , 𝑷 𝑫 𝑷 𝒕 = 
𝑵 𝒆 𝑷 + 𝑭 𝒍 𝒆 𝒂 𝒄 𝒉 𝒊 𝒏 𝒈 𝑷 + 𝑭 𝒔 𝒖 𝒓 𝒇 𝑷 + 𝑭 𝒘 𝒆 𝒂 𝒕 𝒉 𝒆 𝒓 𝒊 𝒏 𝒈 + 𝑭 𝒐 𝒄 𝒄 𝒍 𝑷 

(27) 

(28) 

(29) 

(30) 

(31) 

(32) 

(33) 

(34) 

Mobilization, immobilization (mineralization), leaching, nitrogen loss, deposition, 

phosphorous surface loss, occlusion, Soil nutrient demand, and depletion of different 

nutrient resources 

𝒈 𝒊 is the Percentage of carbon that remains in the soil after decomposition of ith SOM 

𝑭 𝑵 𝒎 𝒐 𝒃 𝒕 
, 𝑭 𝑷 𝒎 𝒐 𝒃 𝒕 

are mobilization fluxes of soil mineral nitrogen and phosphorus 

𝑭 𝑵 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 
, 𝑭 𝑷 𝒊 𝒎 𝒎 𝒐 𝒃 𝒕 

are immobilization fluxes of soil mineral nitrogen and phosphorus 

CN is Soil organic matter CN ratio 

𝑪 𝑷 is Soil organic matter CP ratio 

𝑵 𝒆 𝑵 𝒕 , 𝑵 𝒆 𝑷 𝒕 : nutrient erosion(P: phosphorus and N: nitrogen) 

𝑵 𝒆 𝒈 𝒕 : gaseous nitrogen loss 

𝐾 𝑑𝑒𝑝 𝑝𝑜𝑡 : deposition reaction coefficient 

𝐹 𝑠𝑢𝑟𝑓 
𝑃 𝑡 

is the adsorption flux 

𝐹 𝑜𝑐 𝑐 𝑙 𝑝 𝑡 
is P occlusion flux 

𝑲 𝒐 𝒄 𝒄 𝒍 is P occlude rate 

𝑷 𝑺 is sorbed P content 

𝐹 𝑙𝑒𝑎𝑐ℎ𝑖𝑛𝑔 𝑁 is nitrate leaching 

𝐹 𝑤𝑒𝑎𝑡ℎ𝑒𝑟𝑖𝑛𝑔 is lost Parent material by weathering 

𝑃 𝐷 𝑃 𝑡 
: depletion of P 

𝐹 𝑙𝑒𝑎𝑐ℎ𝑖𝑛𝑔 𝑃 : leaching of P 

1 The trend of maximum yield of tomato, date, mangrove and grassland growth predicts by FAO data [15] . 
2 The trend of maximum yield of tomato, date, mangrove and grassland growth predicts by FAO data [15] . 
3 In fact, this equation shows that at a given time, the amount of carbon in each pool is calculated from the difference between carbon storage capacity and carbon 

storage potential. 

4 𝑿 𝒑 , 𝒊 ( 𝒕 ) = 

⎡ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎢ ⎣ 

0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 1 . 00 
0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 1 . 00 0 . 00 
0 . 00 0 . 00 0 . 00 0 . 00 0 . 00 1 . 00 0 . 00 0 . 00 
0 . 00 0 . 00 0 . 00 0 . 00 0 . 91 0 . 80 0 . 38 0 . 02 
0 . 00 0 . 00 0 . 00 0 . 21 0 . 00 0 . 00 0 . 91 0 . 00 
0 . 00 0 . 00 0 . 23 0 . 22 0 . 88 0 . 57 0 . 60 0 . 01 
0 . 00 0 . 79 0 . 25 0 . 23 0 . 52 0 . 30 0 . 89 0 . 00 
0 . 93 0 . 88 0 . 16 0 . 22 0 . 32 0 . 20 0 . 87 0 . 01 

⎤ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎥ ⎦ 
. 
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Table 2 

The mangrove forest growth based on soil salinity, nutrients availability, temperature, and light radiation. 

Equation 

Equation 

number Description 

𝑑𝐷 

𝑑𝑡 
= 

𝐺𝐷( 1 − 𝐷𝐻 

𝐷𝐻 𝑚𝑎𝑥𝐻 𝑚𝑎𝑥 

) 

274 + 3 𝑏 2 𝐷 − 4 𝑏 3 𝐷 

2 ×

𝑆( 𝑠𝑎𝑙𝑡 ) .𝑁 ( 𝑁 𝑈𝑇 ) .𝑇 ( 𝐷𝐸𝐺𝐷 ) .𝑟 ( 𝐴𝐿 ) 

(35) Per FOREMAN model 

𝑆( 𝑠𝑎𝑙𝑡 ) = 1 
1 + exp ( 𝑑( 𝑈 𝑖 − 𝑈 ) ) 

(36) The growth multiplier of salinity in FORMAN [24] 

U: Constant for salt effect on growth (g/kg) 

𝑁 ( 𝑁 𝑈𝑇 ) = 𝑐 1 + 𝑐 2 𝑅𝑁𝐴 + 𝑐 3 𝑅𝑁𝐴 2 (37) constrain the growth of plants in response to nutrient availability [58] 

𝑐1,2,3 are constants; The nutrient availability index (RNA) is the ratio of phosphate concentration to 

the maximum phosphate content. 

𝑇 ( 𝐷𝐸𝐺𝐷 ) = 1 − ( 
𝐷𝐸𝐺𝐷 𝑚𝑖𝑛 

𝐷𝐸𝐺𝐷 

) 
2 

(38) The temperature multiplier T (DEGD) in the FORMAN model describes the global effect of climate on 

mangrove growth [51] . 

𝐷𝐸𝐺𝐷 𝑚𝑖𝑛 : Minimum growth degree days 

𝐷𝐸𝐺𝐷: growth degree days 

CF 𝑡 = CF 𝑡 −1 ×
𝑑𝐷 

𝑑𝑡 
(39) Mangrove growth rate (dD/dt) is related to the cultivating factors in different periods (productivity 

levels). If the condition is ideal, the productivity level is equal to 1, and various factors such as 

salinity, nutrients availability, heavy metals, and climatic factors can change the mangrove forest 

productivity levels. 

Table 3 

Scenario description in the studied area. 

Scenario Description 

Scenario I Eco-industrial park development (zero waste) without tourism development 

Scenario II Eco-industrial park development (zero waste) regarding eco-tourism development 
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ong- term, urban and industrial waste disposal and population mor-

ality increase the nutrient content of the soil. Two population growth

cenarios (with and without ecotourism) can generate municipal waste.

ommonly, municipal waste is a mixture of food, wood, paper, fibers,

nd textiles, and plastics waste. Also, a part of urban waste could be re-

overed as energy resources. For example, compost generation of food

aste, electrical energy of wood and paper waste, and a part of the waste

an be recovered and recycled, such as plastics. In terms of tourism de-

elopment, from 2017, tourists are taking account as a source of value-

dded in this region, then the waste generation increases as a steeper.

n the last year, waste generation was about 405 tons in the ecotourism

evelopment scenario, and, in the same year, in the absence of tourism

evelopment, 151 tons of waste was produced. In the industrial sec-

or, by increasing population growth (ecotourism), the fish processing
8 
apacity can increase. Consequently, the amount of energy carrier pro-

uction (as biodiesel) due to fishery waste will increase. 

Given the region’s potential, Shif Island has the potential to develop

n ecotourism area with a capacity of about 2067 tourists. To meet the

emand for tourism, it is necessary to identify the needed resources ac-

ording to the potential of the region. As Fig. 4 , It can be seen that the

mount of required demand by the region is increasing as the increase’s

opulation. Non-domestic water, which is mostly related to industrial

fishing) activities, has a growing trend according to the potentials of

he region. 

Due to the population increase in the early years, the lower capacity

f technologies (desolanator, RO, and thermal desalination) has been

elected. Furthermore, population increase and the need for a larger ca-

acity of freshwater generation system, the centralized thermal water
Fig. 3. The location of the study area. 
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Fig. 4. Water demand increment with ecotourism develop- 

ment. 

Fig. 5. Water desalination system in the case study. 
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Table 4 

Mass balance in hydrosphere in the last year. 

Material Input (seawater) Discharge (to Seawater) Accumulation 

TDS (kg) 70,000 300,126.54 230,126.54 

COD (kg) 2 273,775.64 273,773.64 

BOD (kg) — 19,848.73 19,848.73 

Ca(kg) 832 21,286.06 20,454.06 

Mg(kg) 2588 19,814.51 17,226.51 

sulfate(kg) 5424 20,190.95 14,766.95 

Nitrate(kg) 0.09672 1574.21 1574.11 

Cl(kg) 38,706 … …

salinity(kg) 804,000 813,068.82 9068.82 
esalination system has been selected. It is worth noting that thermal

esalination technology has been selected as a centralized clean tech-

ology due to the use of solar energy ( Fig. 5 ). 

Given the importance of food security and ecosystem quality, land

se limitations have become very important in recent years. The optimal

and allocation is 45% of the total area for the rural population, 14%

elated to tourism development infrastructure, 10% for algal cultivating,

% for urban waste management, 8% for industrial waste management

nd biodiesel production, 5% for desalinating, 5% Ice production, 4%

f fish processing and less than 1% of the wastewater treatment unit. 

Furthermore, rural and tourist population growth are the main con-

ributors to the carbon footprint in this region. Based on the modeling

esults, from 2017, the carbon footprint of tourism development has

ncreased. In contrast, the carbon footprint of urban populations has de-

reased, and from 2025, the percentage of carbon emissions of tourists

ill increase. In the last year, 63% of carbon emissions were due to

ourist development. Carbon sinks include the atmosphere, algal culti-

ating, the sea, and photosynthesis processes. Over 20 years, 31 percent

f carbon is released into the atmosphere, the sea absorbs 31 percent,

8 percent is absorbed in the algae cultivating process, and 10 percent

arbon is absorbed in the photosynthesis process. 

Waste management technologies will be selected from the first year

o 2018, and water desalination technologies and other sustainable

cosystem development technologies will be developed to significant ca-

acity by 2025, and agriculture will be developed from 2025 to 2030.

he presence of tourists on the island is recommended from the first

ear, although, the development of tourism changes the amount of value

dded by less than one percent. 

In this regard, the rural value-added changes under the developing

conomic activities in that village are illustrated in Figs. 6 and 7 . It is

hown, developing an efficient industry could increase the value-added

n this village considerably. Other activities are not as effective as fishing

hen it comes to the development of the village. These means where the

uitable activity in the village is identified (based on Agro-Complex),

hich can lead to considerable economic potential for the village. 

cosystem flow analysis in optimum model in terms of resource nexus 

For developing a sustainable eco-industrial region, maximizing eco-

fficiency should show that all of the input and the output material and
9 
nergy flow in Shif Island have been managed and organized. It means

hat the most important flow analysis includes the value of streams,

he amount of resources withdrawal, and waste discharge to the en-

ironment. The results illustrate that in the optimal mode, how many

esources will be destroyed and discharged into the atmosphere. In the

ext step, the analysis of mass flows is considered in different supply

hains. 

Throughout the last year, water withdrawal from the sea would reach

000 tons. The change/variations in the number of different elements

nd compounds such as magnesium, calcium, salt, nitrate, and phos-

hate in seawater discharge and input are estimated for the last year.

hroughout the same year, the optimum level of sewage discharge to the

ea is estimated up to 34 tons per year. The cumulative amount of these

ompounds and elements in these 20 years are presented in Table 4 . 

The most important nutrients for plant growth are nitrogen, phos-

horous, and potassium. Therefore, estimating their current and re-

uired concentrations for plant growth has crucial importance. 

In this regard, considering the low concentration of nutrients in the

oil by 2030, agriculture development is not suggested suitable. From

his year forth, the nutrient could be supplied using sewage discharge,

ead organisms’ decomposition, and composting process with adding

ertilizers. In the next step, the concentrations of heavy metals (Ni, Zn,

nd Cd) are estimated in the first and last years, and finally, the cu-

ulative levels of said elements and the number of nutrients that leave

he system boundaries (Shif Island) like agricultural products are deter-

ined ( Table 5 ). 
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Fig. 6. Value-added variation based on developing technolo- 

gies in this rural region. 

Fig. 7. Economic analysis of nexus model in the case study. 
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Different materials in this region can be predicted as different meth-

ds. Available nutrients, water, and energy have been explained in the

ext sections. 

co-Industrial Park- Zero Municipal solid waste(MSW) 

One of the most important issues in Shif Island is the lack of waste

anagement technologies. In order to develop this region and transform

t into a green and sustainable one, waste management is necessary. In

he structure of the main model, the discharge rate to the environment

hould be lower than the permissible limit. 

In this scenario, the main structure of the waste management tech-

ology model has been taken into consideration. The optimal capacity

f the units has been determined based on the amount of waste produc-

ion. The optimum discharge rate of the landfill is very low, and it does

ot make significant environmental impacts. It makes a little difference

o the first optimum model because of environmental effects ( Fig. 8 ). 

The value-added generation in the region has increased the invest-

ent in industrial activities. The fishery is the dominant activity in the

egion, which can bring a lot of economic potential to the region. The

ack of an ice-making system in the region has limited the revenue from

his activity in the base year. So, in the present model, due to the devel-

pment of the ice-making system in the region, this industry has devel-
Table 5 

Mass balance in Lithosphere in the last year. 

Materials soil load 

Nitrogen(ton/ha) 13.49 + 1570 

Phosphorous(ton/ha) 5.1 + 2623.16

Potassium(ton/ha) 12.74 + 4710.8 

Ni concentration in soil (kg/ton) 0.08 + 0.087 

Zn concentration in soil (kg/ton) 0.046 + 10.74 

Cd concentration in soil (kg/ton) 0.0004 + 128.71 

Accumulation ( + )/ consumption (-). 

10 
ped in the region. The development of this industry causes the produc-

ion of a lot of valuable waste (fertilizer and energy generation) in the

egion ( Fig. 9 ). 

aste- Water and energy nexus in the regional level 

One of the priorities of regional development is to minimize the

aste discharged into the environment through the high value-added

roducts in the region. In Fig. 10 , the amount of waste generated from

ifferent sections (agriculture, industry, and household), and how the

odel decides on the waste management is shown. Waste management

echnologies have been selected in the early years. The development of

n industrial park means identifying regional potentials for the waste

anagement market. Due to the priorities of reducing regional pollu-

ion, a large part of industrial assets is dedicated to the production of liq-

id fuel for the transportation sector, which requires for the ecotourism

opulation. Compost generation has been selected as one of the sources

f economic value-added production in the second stage. Energy gener-

tion from biomass has been selected for the power generation for the

exus of waste, water, and energy development in this model. 

Industrial waste management, which mainly consists of fishery and

ce-making processes. Because of the composition of fish meat, this kind

f waste has a good potential for biodiesel production, which can be

one through the anaerobic digestion process, transesterification pro-
Output (by agriculture products) net 

− 248.580 + 1334.9 

 − 298.2 + 2330.06 

− 2981.82 + 1741.72 

+ 0.006 

… + 10.7 

… + 128.7 
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Fig. 8. Eco-industrial Park in zero municipal waste production 

(eco-tourism development) (ton/year). 

Fig. 9. Developing industrial activity (Fishery industry) and 

waste generation in the case study. 

c  

u  

w  

w  

U  

t  

o  

t  

t  

i

S

 

a  

e  

f

 

r  

t  

c

W

 

v  

m  

a  

t  

e  

i

E

 

m  

B  

p  

o  

o  

t

 

m  
ess, and biodiesel production. For this reason, the construction of this

nit and its capacity are defined as a decision variable. In this scenario,

hich has zero industrial waste to the environment as a constrain, all

aste generated in the biodiesel production process should be used.

rban wastewater discharge is associated with social costs and affects

he environmental impact index. In the main structure of the model, in

rder to wastewater management, the process of sanitary wastewater

reatment has been considered (active sludge technology). Wastewater

reatment units are added to the undrinkable water and are used for

rrigation and household consumption. 

oil- waste nexus development in the regional level 

One of the most important uses of agricultural waste is related to

gricultural fertilizer generation. Moreover, the management of efflu-

nts from the domestic sector produces is a considerable valuable waste

or agricultural activities (qualified fertilizer) 

Based on the number of available nutrients, and the crop growth

ate, the amount of fertilizer and compost are calculated ( Fig. 11 ). Due

o the low cost of compost and decreasing the environmental effects,

omposting would be better than fertilizer. 
11 
aste management and value-added in the regional level 

As shown in Fig. 12 , It hasn’t been having a considerable effect on the

alue-added changes in the waste management process. Waste manage-

ent processes lead to generating the high valuable by-products. Rubber

nd plastics are valued at about $ 250 per ton and fertilizer costs fluc-

uate from 120 $ to 240 $ per ton. Waste management, along with the

ffects of emissions reductions, can largely offset the technology costs

n the early years of investment. 

co-Efficiency: system and ecosystem development 

It is clear that the increased population in the ecotourism develop-

ent scenario has little differentiation with rural population growth.

ecause the value-added of ecotourism development is very low. As ex-

ected, the highest value-added is related to the fishery process unit, and

ther sectors have a small percentage of the total value-added. More-

ver, Fig. 13 shows the variation of income, Cost, and Value-added over

ime. 

Life cycle analysis has been considered in the context of environ-

ental management. In this regard, the Eco-indicator 99 has been rec-
Fig. 10. waste management strategy in the case study. 
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Fig. 11. The demand for fertilizer and compost in the soil. 

Fig. 12. Value-added generation in Eco-industrial park. 

Fig. 13. The Chart of Income, Cost, and Value-added change 

over time. 
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n  

d  
gnized as a method for environmental impact assessment, and Eco-

ndicator 99 variation index is observed in the optimal time 

Eco-efficiency is the objective function defined as the ratio of value-

dded to the environmental impact. In Figs. 14 and 15 , eco-efficiency

ariations are observed during the time interval considered. The total

alue-added of the system is incremental and linear, and Eco-indicator

9 values decrease in the first years and then move to a constant amount

zero). By 2025, the Eco-indicator 99 index has a significant value, and

he value-added is not very high due to the investment costs required
12 
o develop different infrastructures, the eco-efficiency is negligible and

lose to zero. From 2025 onward, the Eco-indicator 99 index converges

o a steady amount, and value-added has significant growth, then eco-

fficiency increases. This trend continues until the final year. In this

egard, waste management technologies will be selected from the first

ear up to 2018, water desalination technologies and other sustainable

cosystem development technologies will be developed based on tech-

ology capacity growth by 2025. The agriculture supply chain will be

eveloped from 2025 to 2030. In general, If Eco-tourism development
Fig. 14. Eco-efficiency variation during the time interval. 
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Fig. 15. The Eco-efficiency Score (%) in Shif Island. 

Fig. 16. Eco-indicator 99 index variation in the optimum 

model over time. 
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Fig. 17. Sensitivity analysis of the model based on fertilizer price(with eco- 

tourism development). 
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Table 6 

Sensitivity analysis of the model based on electricity tariff (with 

ecotourism development). 

Technology 2.5 cents/kWh 6 cents/kWh 10 cents/kWh 

PV 16% 9% 8% 

CHP 20% 13% 4% 

Tidal technology 4% 4% 4% 

Waste to energy 12% 6% 4% 

Grid 48% 68% 80% 
s not required (less than 1% of total value-added in last year), it can

e neglected. In the following figures, the percentage of eco-efficiency

s observed over a specific period. By 2025, the percentage of the eco-

fficiency range is negligible at zero, and then it will increase at a consid-

rable growth rate. By 2030, when sustainable development technolo-

ies have been developed, 50% of the optimal conditions have been

chieved. By 2031, due to the agricultural supply chain, it will reach

0% percent, and finally, in 2035, it is in the optimal mode. 

As shown in Fig. 16 , developing waste management technologies in

he first year, the Eco-indicator 99 index declines at a high annual rate.

y 2025, all of the waste management technologies are developed in

hif Island, so the Environmental Impact Assessment Index has been

odest, and moved to close to zero. 

ensitivity analysis and validation of the model 

The validation of these types of models is very limited. Since the

ccessibility of ecosystem laboratory information is limited, therefore,

n this research, all parts of the model have been validated seperately.

n the water-food-energy sector, it has been used the sensitivity analysis

n the main parameters(fertilizer and water price, and electricity tariff)

 In the soil-agriculture model, this model has been validated by using

he available data in the Lue paper [ 38 , 39 ] to check the applicability of

he soil sector. 

ensitivity analysis of the model based on fertilizer price 

Regional studies on the changes in fertilizer prices have shown that

his parameter changes regionally and seasonally, and changes in this

arameter have many effects on the choice of technologies. Hence, in

his study, the sensitivity of the model is investigated based on the va-

iety of fertilizer prices. 

As shown in Fig. 17 , by changing the price of fertilizer from 1 cent/kg

n the first case, to 4 cents/kg in the third case, the model has shown

reat sensitivity to this parameter. At a price of 1 Toman per kilogram,

he model has all the choices related to fertilizer needed to feed the

and to purchase fertilizer, and compost fertilizer production technology

s not a priority for the model. With the increase in fertilizer price, the

odel has shown a lot of sensitivity and at the price of 2 and 4 cents/kg,

espectively, has reduced the share of purchased fertilizer from the mar-

et and has given priority to compost fertilizer production technology

 Fig. 17 ). 
13 
ensitivity analysis of the model based on electricity tariff

One of the main parameters in determining the optimal technology

or electricity generation is electricity tariffs. Considering the electric-

ty tariff changes from 2.5 cents/kWh to 10 cents/kWh, the changes

n the technology selection ratio are shown in Table 6 . Given that the

lectricity tariff of the network affects the share of different electricity

ower generation, therefore, initially, a large percentage of electricity

as been generated from the network. With the increase in electricity

ariffs, the share of CHP technology, then solar electricity, and other

echnologies has increased. Given the cost of energy generation for a

ariety of technologies, which are CHP, solar, waste management, and

idal power, respectively, the model has behaved quite correctly in the

hoice of technologies. 
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Fig. 18. Sensitivity analysis and validation of the model based on water price, 

and water (with ecotourism development). 
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ensitivity analysis of the model based on water price 

One of the sensitive parameters of the model is the water tariff, which

ffects the selected capacity of various wastewater treatment technolo-

ies. In this regard, the sensitivity of the model to changes in water

rices and its effect on changes in the capacity of wastewater treatment

ystems have been investigated. As shown in Fig. 5 3 , changes in water

ariff have significant effects on changes in the selected capacity of the

odel. By increasing the price of water purchased from the network,

he model has significantly increased the capacity of the wastewater

reatment system ( Fig. 18 ). 

alidation of soil carbon (SOM) model 

In order to validate the soil organic phase model, this study uses the

redicted and experimental data which Luo used in his papers [ 38 , 39 ].

he output of the SOM prediction model, which contains the concentra-

ion of different pools in the soil, is calculated. The predicted trend of

he SOM model is shown in Fig. 19 . 
14 
By comparing the output of this paper and Luo paper, the error rate

aries from 0.3% to 8.5%, and the average error is 4.4%. 

alidation of nitrogen-phosphorus model 

In order to validate the nitrogen and phosphorus competition model,

he error rates of model output and actual data(Nutrient competition

ata in Tapajos National Forest [61] ) are considered. The error rate of

itrogen and phosphorous competition is 17% and 1.4% error rate, re-

pectively ( Figs. 20 and 21 ). 

onclusions 

Since we are witnessing inevitable resource scarcity in most civi-

ized regions, the Water-Energy-Food-Ecosystem Nexus (WEFE Nexus)

pproach highlights the interdependence of water, energy, and food se-

urity and ecosystems – water, soil, and land – and identifies mutually

eneficial responses based on understanding the synergies between wa-

er, energy and agriculture policies. On the other hand, according to the

egional potential according to the type of ecosystem, the WEFE Nexus

pproach can use specific solutions based on different levels of interven-

ions to achieve long-term economic, environmental, and social goals. 

In this research, an integrated model of regional sustainable devel-

pment has been proposed in order to reduce the consumption of ma-

erials and energy directly and indirectly, along with concerning the

mportance of economic development in a rural area. Regional plan-

ing includes forecasting the amount of nutrients (estimation of soil or-

anic composition followed by estimation of phosphorus, nitrogen, and

otassium), waste management in line with the development of the eco-

ndustrial area, development of natural resources (mangrove forests) us-

ng the control of depletion of natural resources (biomass production),

evelopment of sustainable agricultural chain (analysis of nutrient lim-

tation based on Liebig’s law) and restoration of waste streams in order

o manage the resources. This model has been developed considering

emand (in two scenarios: with and without sustainable tourism devel-

pment) and supply chains in the ecosystem and human works. Due

o the review of re-use regenerators and regenerative recoveries in the

odel, it has been possible to develop a hybrid technology to consider
Fig. 19. The predicted trend of SOM model us- 

ing Luo paper carbon canopy. 

Fig. 20. Validation of nutrient competition data in Tapajos 

National Forest (Nitrogen). 
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Fig. 21. Validation of nutrient competition data in Tapajos 

National Forest (Phosphorous) [30]. 
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he cost of changing the effects of breakthroughs on the regeneration

f the ecosystem. In this model, the producers of materials and energy

re the main inputs of the ecosystem, and the outputs of the ecosystem

nclude the outputs of the agriculture, forestry, animal husbandry, and

shing in remote areas, as well as mineral resources (industrial raw ma-

erials and fossil resources), solar energy and geothermal energy and

ther cases. 

In general, in this paper, the symbiosis between living and non-living

arts in the ecosystem has been developed in terms of the hybrid tech-

ology development to minimize the dynamic cost of changes, which

an be suggested as the way to restore the ecosystem by considering the

evelopment and finally reached an optimal path for the development

f living and non-living systems. 

The use of optimization models in the management of water, energy,

nd food resources in nexus consideration, provides suitable options for

olitical decision-makers, managers, and planners of these three sectors

o preserve existing resources and achieve sustainable development, and

ursue new climate water and earth energy analyzes to meet regional,

ational or global challenges and possibilities. In this regard, the devel-

ped model in this paper has comprehensive various aspects. 
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ppendix A 

Table A-1 has presented the main parameters of the FOREMAN

odel. 
Table A-1 

The main parameters of FOREMAN model. 

Parameters Item Value 

b2 Constant in height 48.04 

DH D multiply in H 1.4 × 35 

D The diameter of the crop (cm) 1.4 

H max Maximum height(cm) 35 

GD Growth constant 162 

DEGD min Minimum growth degree days 25 

DEGD growth degree days 36 

C 1 constant − 0.5 

C 2 constant 2.88 

C 3 constant − 1.66 

r AL (light availability) Light availability index 1 

d Constant for salt on growth − 0.18 

Salt 05 (salinity factor at 

S = 0.5) 

Maximum number of sapling 

recruits per plot per year 

100 
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