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1 RESUMO 



O  uso  integrado  de  recursos  hídricos,  energéticos  e  alimentares  é  essencial  para  a  gestão sustentável de bacias hidrográficas. Este estudo desenvolveu uma  metodologia quantitativa para modelar  o  nexo  água-energia-alimento  (AEA)  em  bacias  hidrográficas,  considerando  tanto condições  históricas  quanto  projeções  futuras.  A  metodologia  proposta  utiliza  modelos  criados nos  programas  “Water  Evaluation  and  Planning”  System  (WEAP)  e  “Low  Emissions  Analysis Platform” (LEAP), os quais foram acoplados para troca de dados por meio do WEAP-KIB-LEAP 

 framework.  Para  exemplificar  o  uso  da  metodologia,  foi  realizada  uma  aplicação  nas  bacias hidrográficas  dos  rios  Piracicaba,  Capivari  e  Jundiaí  (PCJ).   Os  resultados  demonstraram  que  a ferramenta  permite  a  simulação  do  nexo  AEA,  oferecendo  suporte  valioso  para  o  planejamento sustentável  dos  recursos  presentes  nas  bacias  PCJ,  podendo  contribuir  com  o  alcance  dos Objetivos de Desenvolvimento Sustentável (ODS). Recomenda-se a aplicação do  framework em diferentes contextos regionais para ampliar sua validação e aplicabilidade. 
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2 ABSTRACT 

 

The  integrated  use  of  water,  energy,  and  food  resources  is  essential  for  the  sustainable management  of  river  basins.  This  study  developed  a  quantitative  methodology  to  model  the water‒energy‒food  (WEF)  nexus  in  river  basins,  considering  both  historical  conditions  and Recebido em 20/09/2022 e aprovado para publicação em 09/10/2023 
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future projections. The proposed methodology uses models created in the “Water Evaluation and Planning”  System  (WEAP)  and  “Low  Emissions  Analysis  Platform”  (LEAP)  programs,  which were coupled for data exchange through the WEAP-KIB-LEAP framework. To exemplify the use of the methodology, an application was carried out in the Piracicaba, Capivarí and Jundiaí (PCJ) river  basins.  The  results  showed  that  the  tool  allows  the  WEF  nexus  to  be  simulated,  offering valuable support for the sustainable planning of the resources present in the PCJ basins, and can contribute to achieving the Sustainable Development Goals (SDGs). It is recommended that the framework be applied in different regional contexts to expand its validation and applicability. 

 

Keywords: WEAP, LEAP, WEAP-KIB-LEAP framework, WEF nexus. 

 

 

3 INTRODUCTION 

The  models  cited  are  examples  of 

 

quantitative  modeling  in  the  ALE  nexus.  A 

Effective  water  resource  planning, 

quantitative 

understanding 

of 

the 

which  considers  interactions  between  natural 

interrelationships 

among 

air 

pollution, 

and social systems, is essential. In this sense, 

climate,  water  availability,  energy,  and  food approaches 

such 

as 

water‒energy‒food 

production  can  support  more  efficient 

(WEF)  nexus  modeling  have  become 

management  of  water  resources  in  river 

especially 

relevant, 

as 

they 

explore 

basins.  In  addition,  it  can  support  public 

interrelationships  between  these  elements 

policies  aimed  at  achieving  Sustainable 

while 

considering 

both 

socioeconomic 

Development  Goals  (SDGs)  2,  6,  7,  11,  12, 

impacts and environmental impacts. 

13, and 15. 

Several  models  have  been  developed 

Given the above, the objective of this 

to  map  the  ALE  nexus  in  river  basins.  One 

research  was  to  develop  a  quantitative 

example  is  the  DAFNE  approach  (decision-

methodology 

to 

analyze 

the 

analytic  framework  for  exploring  water, 

water‒energy‒food  nexus  in  river  basins, 

energy,  and  food  NExus)  by  Koundouri  and 

considering  historical  conditions  and  future 

Papadaki 

(2020), 

which 

explores 

the 

projections. 

interrelationships  among  water,  energy,  and 



food resources in transboundary river basins. 



Another  interesting  model  is  the 

4 MATERIALS AND METHODS 

water-energy-food  nexus  simulation  model 



(WEFSiM)  by  Wicaksono  and  Kang  (2019), 

The quantitative modeling of the AEA 

which  uses  system  dynamics  to  balance  the 

nexus  occurred  through  the  use  of  WEAP 

allocation  of  resources  between  the  water, 

programs  (“Water Evaluation and Planning” 

energy  and  food  sectors,  providing  detailed 

 System), which allows the creation of holistic simulations. 

hydrological  models,  and  LEAP  ( “Low 

Yilin   et  al.  (2024)  modeled  the  AEA 

 Emissions Analysis Platform” ), which allows nexus  in  the  Yellow  River   Basin  and,  via  the the  creation  of  models  that  relate  energy 

 generalized Divisia index, identified the main production,  energy  demand  and  atmospheric 

factors  influencing  spatial  and  temporal 

greenhouse  gas  emissions.  The  WEAP  and 

changes  in  water  use  in  the  food  and  energy LEAP  programs  were  developed  and  made 

sectors. 

available  by  the  Stockholm  Environment 

Institute  (Heaps,  2022;  Sieber,  2023).  Public Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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institutions,  nonprofit  organizations  and 

the  Web  API  ( application  programming 

researchers  from  developing  countries  have 

 interface) through Node.JS. 

free access to these programs. 

The  WEAP-KIB-LEAP   framework 

WEAP  was  connected  to  LEAP 

allows  the  creation  of  interactions  with 

through  an  interaction  model  (IM).  The  IM 

different  time  scales  (daily,  monthly  or 

conceptualized  by  Fard  and  Sarjoughian 

annual).  In  the  model  created  as  an  example (2020) 

uses 

the 

 knowledge 

modeling 

for the Piracicaba, Capivari and Jundiaí (PCJ) 

approach  interchange broker (KIB), resulting river  basins,  the  time  scale  of  the  data  in in  the  WEAP-KIB-LEAP   framework.  The 

WEAP  was  monthly,  whereas  the  data  on 

algorithm  written  in  JavaScript  allows  the 

production, 

energy 

consumption 

and 

coupling  and  exchange  of  information 

greenhouse  gas  emissions  in  LEAP  had  an 

between  the  WEAP  and  LEAP  programs, 

annual scale. 

which are compartmentalized and receive the 

When 

establishing 

a 

connection 

names  C-WEAP  and  C-LEAP.  C-WEAP 

between C-WEAP and C-LEAP for modeling 

transfers and receives data from C-LEAP via 

the AEA nexus, the following steps in Frame 

1 should be followed. 



Frame 1. Steps for establishing a connection between C-WEAP and C-LEAP through the WEAP-KIB-LEAP  framework 

1.  definition of module ports (Ex.: InputFromWEAP , OutputToLEAP);  

2.  adding module ports (addInput , addInput);  

3.  definition 

of 

data 

transformation 

ports 

(Ex.: 

WEAP_LEAP_Transformation);  

4.  adding transformation (addTransformation);  

5.  definition of the coupling between the module ports and the transformation (Coupling c1 and Coupling c2);  

6.  addition of coupling (addCoupling).  



Figure 1 presents the general structure 

 framework.  Each  part  of  the  algorithm  is of  a  connection  between  C-WEAP  and  C-related to steps (1 to 6) to be followed. 

LEAP 

through 

the 

WEAP-KIB-LEAP 
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Figure 1. General structure for a connection between CWEAP and CLEAP via the WEAP-KIB-LEAP  framework 





The 

names 

received  the  same  name,  which  was  named 

WEAP_PROJECT_NAME 

and 

the  “BAU  scenario”.  For  future  projections, 

LEAP_PROJECT_NAME (Figure 1) refer to 

the LEAP project was named “Cenario RCP”, 

the  names  of  the  models  created  in  WEAP 

and the WEAP project was named “Cenarios 

and LEAP, respectively, from which the data 

RCP4.5 and RCP8.5”. 

in  question  are  intended  to  be  obtained.  For The  ComponentTypes (Figure 1)   refer the historical conditions in the example of the 

to the type of entity/component of the system. 

application  of  the  methodology  in  the  PCJ 

The  possibilities  for  WEAP  are  presented  in 

basins,  the  projects  in  WEAP  and  LEAP 

Frame 2. 
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Frame 2. WEAP Entity/Component Types ( ComponentTypes) Node 

 DemandSite  ,  Groundwater  ,  Reservoir  (Reservoir),  OtherSupplies (Other water sources),  WastewaterTreatment (Sewage Treatment Plant) and  Catchment (Watershed Subbasin); 

Link 

 Transmissions  (Transmission  Link),  Runoffs   and   ReturnFlows  (Return flow) 

 Flow 

 Rivers  and  Diversions 



In  LEAP,  component  types   can  be 

Before  proceeding,  it  is  important  to 

type 

resources, 

transformations 

understand  the  procedure  for  calculating 

(transformations),  processes,  demands  or 

energy  demand  via  the  LEAP  program  to 

effects.  The  term  “resource”  refers  to  the 

establish  relationships  between  the  variables. 

source  used  in  energy  generation  (hydro, 

The  calculation  involves  multiplying  the 

solar, 

wind, 

biomass, 

etc.). 

The 

factors  “demand  activity  level”  and  “final 

transformation is linked to the type of energy 

energy  intensity”  (Figure  2).  For  example, 

to be generated; in the case of the PCJ basins, 

assuming  that  in  2014,  the  activity  level  of the  type  of  energy  modeled  was  electrical 

the  water  treatment  plants  in  the  river  basin energy 

and 

the 

processes 

involved 

was 1,000,000 m3, with a final energy intensity 

(characteristics  of  the  power  generation 

equal  to  0.3  kWh/m3,  the  energy  demand  of 

plants).  The  demand  refers  to  energy 

these water treatment plants in 2014 would be 

consumption, and the effect is the emission of 

300,000 kWh. 

pollutants. 



Figure 2. Representation of the energy demand calculation procedure in LEAP 





In   ComponentName  (Figure  1),  the 

deleted. WEAPs are called  Current Accounts, name  of  the  component  is  defined.  In 

which  refer  to  the  first  year  of  the  historical PortTypes, the type of  port   is  defined, which series, and  Reference, which encompasses the can  be  input  ( Input)  or  output  ( Output)  data remaining  years  of  the  series.  In  LEAP,  the of  the  model  created  in  WEAP  or  LEAP.  In 

predefined scenarios are  the current accounts 

 VariableName, the name of the variables with and the baseline. 

which  you  want  to  make  the  connection 

To  run  the  MI  code,  in  addition  to 

between  the  WEAP  and  LEAP  programs  is 

installing  the  WEAP  and  LEAP  programs,  it 

defined. 

is  also  necessary  to  install  the  following 

Finally,  in   ScenarioName  (Figure  1), 

programs: NodeJS, Visual Studio Code, Java 

the  name  of  the  scenario  is  defined.  WEAP, 

8,  Java  (latest  version  released),  Python  2.7 

like  LEAP,  allows  the  creation  of  scenarios 

and Microsoft Visual C++. Additionally, it is 

on  the  basis  of  assumptions;  however,  both 

essential to install the following extensions in 

have  predefined  scenarios  that  cannot  be 

Visual Studio Code: C/C++, Intellicode API, 
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Extension  Pack  for  Java;  JavaScript  (ESG) 

input data for the activity level in LEAP 

code  Snippets;  Node.js  Exec;  Node.js  code 

regarding the demand for harvesters; 

Snippets;  Prettier-code  formatter;  TSLint 

▪  The  area  planted  with  soybeans  in  the 

Snippets;  TSLint  Vue;  TSLint  Vue  -TSX; 

watershed,  in  hectares,  as  input  data  in 

and TypeScript + Webpack Problem. 

WEAP,  was  used  as  input  data  for  the 

The  interactions  established  through 

activity  level  in  LEAP  regarding  the 

MI  in  the  PCJ  basins  (Figure  3)  were  as 

demands:  soybean  harrowing,  a  soybean 

follows: 

scarifier,  a  soybean  seeder,  soybean 

▪  The  volume  of  water  demanded  in  the 

spraying  and  soybean  harvesting.  In  this 

PCJ basins for urban and rural supply, in 

case, the energy consumption (diesel) for 

cubic  meters  (m³),  calculated  in  WEAP, 

soybean  cultivation 

was 

evaluated, 

was  used  as  input  data  for  the  activity 

considering  different  soil  preparation 

level  in  LEAP  regarding  the  demand 

techniques prior to planting: 

from water treatment plants (ETAs). ; 

a)  Minimum  cultivation,  a  technique  in 

▪  The volume of sewage treated in sewage 

which  a  scarifier  (scarifier  soybean)  is 

treatment plants (STPs) in m3, input data 

used before planting, followed by the use 

in WEAP, was used as input data for the 

of a seeder (seeding soybean); 

activity  level  in  LEAP  regarding  STP 

b)  Direct  planting,  a  technique  in  which 

demand; 

only  a  seeder  is  used  before  planting 

▪  The  volume  of  water  demanded  by 

(soybean seeder); and 

surface  irrigation,  in  m3,  calculated  in 

c)  Conventional  cultivation  is  a  technique 

WEAP  was  used  as  input  data  for  the 

in which a harrow is used before planting 

activity level  in  LEAP regarding surface 

(harboring soybean), followed by the use 

irrigation demand; 

of a seeder (seeder soybean). 

▪  The  volume  of  water  demanded  by 

Furthermore, the energy demands during 

conventional  sprinkler  irrigation,  in  m3, 

spraying 

(soybean 

spraying) 

and 

calculated  in  WEAP,  was  used  as  input 

harvesting  (soybean  harvesting)  were 

data  for  the  activity  level  in  LEAP  with 

added. 

respect 

to 

conventional 

sprinkler 

▪  The area planted with coffee in the river 

demand; 

basin,  in  hectares,  as  input  data  in 

▪  The  volume  of  water  demanded  by 

WEAP,  was  used  as  input  data  for  the 

irrigation  by  a  self-propelled  system,  in 

activity  level  in  LEAP  regarding  coffee 

m3,  calculated  in  WEAP,  was  used  as 

demand. 

In 

this 

case, 

energy 

input data for the activity level in LEAP 

consumption  (diesel)  by  machinery  was 

regarding self-propelled demand; 

evaluated  considering  the  entire  crop 

▪  The  volume  of  water  demanded  by  drip 

cycle. 

irrigation,  in  m3,  calculated  in  WEAP, 

▪  The  area  planted  with  citrus  in  the 

was  used  as  input  data  for  the  activity 

hydrographic  basin,  in  hectares,  input 

level in LEAP regarding drip demand; 

data  in  WEAP,  were  used  as  input  data 

▪  The area irrigated by microsprinklers, in 

for  the  activity  level  in  LEAP  regarding 

hectares,  as  input  data  in  WEAP,  was 

citrus  demand,  considering  all  energy 

used as input data for the activity level in 

consumption  (diesel)  of  the  machinery 

LEAP regarding microsprinkler demand; 

used during crop management. 

▪  Sugarcane  production  in  the  river  basin, 

▪  The  area  planted  with  pasture  in  the 

in tons, input data in WEAP, was used as 

watershed,  in  hectares,  as  input  data  in 
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WEAP,  was  used  as  input  data  for  the 

consumption  (diesel)  of  the  machinery 

activity level  in  LEAP regarding pasture 

used 

during 

pasture 

management. 

demand, 

including 

the 

energy 



Figure 3. Interactions established between WEAP and LEAP 



Source: Silva (2023) 



Importantly,  both  the  water  treated  in 



the  WTPs  and  the  wastewater  from  the 



WWTPs  are water sources  with  the potential 



to be used in irrigation. 
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5 RESULTS AND DISCUSSION 

WEAP and LEAP projects, the names for the 

elements  inserted  were  maintained,  both  in 

The  MI  for  quantitative  modeling  of 

historical  and  projected  conditions.  Demand 

the  AEA  nexus,  which  uses  the  WEAP, 

projections and changes  in land use and land 

LEAP  and  WEAP-KIB-LEAP   framework 

cover  were  made  on  the  basis  of  historical 

 programs, is presented below. Notably, in the data. 



package models.NexoAEA.modules; 

import models.NexoAEA.transformations.LEAP_WEAP_Transformation; import models.NexoAEA.transformations.WEAP_LEAP_Transformation; import kib.core.domain.Coupling; 

import kib.core.domain.Module; 

import kib.few.leap.ports.InputFromLEAP; 

import kib.few.leap.ports.OutputToLEAP; 

import kib.few.leap.ports.params.LeapParameters; 

import kib.few.weap.ports.InputFromWEAP; 

import kib.few.weap.ports.OutputToWEAP; 

import kib.few.weap.ports.params.WeapParameters; 

import kib.few.weap.utilities.enums.ComponentTypes; import kib.few.weap.utilities.enums.PortTypes; 

import kib.utilities.exceptions.kib.KIBModelException; public class SimpleModule extends Module { 

private final static String WEAP_PROJECT_NAME = "Cenario BAU"; private final static String LEAP_PROJECT_NAME = "Cenario BAU"; public SimpleModule(String name) throws KIBModelException { 

super(name); 

initialization(); 

} 

private void initialization() throws KIBModelException { 

InputFromWEAP in1 = new InputFromWEAP("in1", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Abastecimento urbano e rural" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out1 = new OutputToLEAP("out1", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "ETAs", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in2 = new InputFromWEAP("in2", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Irrigacao por superficie" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out2 = new OutputToLEAP("out2", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Irrigacao por superficie", Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in3 = new InputFromWEAP("in3", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Aspersao Convencional" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out3 = new OutputToLEAP("out3", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Aspersao Convencional", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in4 = new InputFromWEAP("in4", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Autopropelido" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out4 = new OutputToLEAP("out4", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Autopropelido", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in5 = new InputFromWEAP("in5", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, "Pivo Central" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out5 = new OutputToLEAP("out5", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Pivo Central", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in6 = new InputFromWEAP("in6", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Gotejamento" , PortTypes.Output, "Water Demand", "Reference")); OutputToLEAP out6 = new OutputToLEAP("out6", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Gotejamento", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in7 = new InputFromWEAP("in7", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.DemandSite, 

"Microaspersao" , PortTypes.Input, "Annual Activity Level", "Reference")); OutputToLEAP out7 = new OutputToLEAP("out7", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Microaspersao", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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InputFromWEAP in8 = new InputFromWEAP("in8", new WeapParameters(WEAP_PROJECT_NAME, 

ComponentTypes.WastewaterTreatment, "ETEs" , PortTypes.Input, "Daily Capacity", 

"Reference")); 



OutputToLEAP out8 = new OutputToLEAP("out8", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "ETEs", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in9 = new InputFromWEAP("in9", new WeapParameters(WEAP_PROJECT_NAME, 

ComponentTypes.WastewaterTreatment, "ETEs" , PortTypes.Input, "Daily Capacity", 

"Current Accounts")); 

OutputToLEAP out9= new OutputToLEAP("out9", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "ETEs", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Current Accounts")); InputFromWEAP in10 = new InputFromWEAP("in10", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Cana de acucar" , PortTypes.Input, "Production", "Reference")); OutputToLEAP out10= new OutputToLEAP("out10", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Colheitadeira de cana de acucar", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in11 = new InputFromWEAP("in11", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Cana de acucar" , PortTypes.Input, "Production", "Current Accounts")); OutputToLEAP out11= new OutputToLEAP("out11", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Colheitadeira de cana de acucar", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Current Accounts")); 



InputFromWEAP in12 = new InputFromWEAP("in12", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Cafe" , PortTypes.Input, "Area", "Reference")); OutputToLEAP out12= new OutputToLEAP("out12", new LeapParameters(LEAP_PROJECT_NAME, 
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kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in13 = new InputFromWEAP("in13", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Cafe" , PortTypes.Input, "Area", "Current Accounts")); OutputToLEAP out13= new OutputToLEAP("out13", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Cafe", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Current Accounts")); InputFromWEAP in14 = new InputFromWEAP("in14", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, 

"Pastagem" , PortTypes.Input, "Area", "Reference")); OutputToLEAP out14= new OutputToLEAP("out14", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Pastagem", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in15 = new InputFromWEAP("in15", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, 

"Pastagem" , PortTypes.Input, "Area", "Current Accounts")); OutputToLEAP out15= new OutputToLEAP("out15", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Pastagem", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Current Accounts")); InputFromWEAP in16 = new InputFromWEAP("in16", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Citros" , PortTypes.Input, "Area", "Reference")); OutputToLEAP out16= new OutputToLEAP("out16", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Citros", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); InputFromWEAP in17 = new InputFromWEAP("in17", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Citros" , PortTypes.Input, "Area", "Current Accounts")); OutputToLEAP out17= new OutputToLEAP("out17", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Citros", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Current Accounts")); Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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InputFromWEAP in18 = new InputFromWEAP("in18", new WeapParameters(WEAP_PROJECT_NAME, ComponentTypes.Catchment, "Soja" , PortTypes.Input, "Area", "Reference")); OutputToLEAP out18= new OutputToLEAP("out18", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Soja Gradeamento", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); OutputToLEAP out19= new OutputToLEAP("out19", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Soja Semeadora", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); OutputToLEAP out20= new OutputToLEAP("out20", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Soja Pulverizacao", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); OutputToLEAP out21= new OutputToLEAP("out21", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Soja Colheita", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); OutputToLEAP out22= new OutputToLEAP("out22", new LeapParameters(LEAP_PROJECT_NAME, 

kib.few.leap.utilities.enums.ComponentTypes.Demand, "Soja Escarificador", kib.few.leap.utilities.enums.PortTypes.Input, "Activity Level", "Baseline")); in1.setPriority(1); 



addInput(in1); 

addInput(in2); 

addInput(in3); 

addInput(in4); 

addInput(in5); 

addInput(in6); 

addInput(in7); 

addInput(in8); 

addInput(in9); 

addInput(in10); 

addInput(in11); 

addInput(in12); 

addInput(in13); 

addInput(in14); 

addInput(in15); 
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addInput(in16); 

addInput(in17); 

addInput(in18); 



addOutput(out1); 

addOutput(out2); 

addOutput(out3); 

addOutput(out4); 

addOutput(out5); 

addOutput(out6); 

addOutput(out7); 

addOutput(out8); 

addOutput(out9); 

addOutput(out10); 

addOutput(out11); 

addOutput(out12); 

addOutput(out13); 

addOutput(out14); 

addOutput(out15); 

addOutput(out16); 

addOutput(out17); 

addOutput(out18); 

addOutput(out19); 

addOutput(out20); 

addOutput(out21); 

addOutput(out22); 



WEAP_LEAP_Transformation tran1 = new WEAP_LEAP_Transformation("W-LTran1"); addTransformation(tran1); 

Coupling c1 = new Coupling(in1, tran1.getInput("in1")); Coupling c2 = new Coupling(tran1.getOutput("out1"), out1); WEAP_LEAP_Transformation tran2 = new WEAP_LEAP_Transformation("W-LTran2"); addTransformation(tran2); 

Coupling c3 = new Coupling(in2, tran2.getInput("in1")); Coupling c4 = new Coupling(tran2.getOutput("out1"), out2); WEAP_LEAP_Transformation tran3 = new WEAP_LEAP_Transformation("W-LTran3"); addTransformation(tran3); 

Coupling c5 = new Coupling(in3, tran3.getInput("in1")); Coupling c6 = new Coupling(tran3.getOutput("out1"), out3); WEAP_LEAP_Transformation tran4 = new WEAP_LEAP_Transformation("W-LTran4"); addTransformation(tran4); 

Coupling c7 = new Coupling(in4, tran4.getInput("in1")); Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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Coupling c8 = new Coupling(tran4.getOutput("out1"), out4); WEAP_LEAP_Transformation tran5 = new WEAP_LEAP_Transformation("W-LTran5"); addTransformation(tran5); 

Coupling c9 = new Coupling(in5, tran5.getInput("in1")); Coupling c10 = new Coupling(tran5.getOutput("out1"), out5); WEAP_LEAP_Transformation tran6 = new WEAP_LEAP_Transformation("W-LTran6"); addTransformation(tran6); 

Coupling c11 = new Coupling(in6, tran6.getInput("in1")); Coupling c12 = new Coupling(tran6.getOutput("out1"), out6); WEAP_LEAP_Transformation tran7 = new WEAP_LEAP_Transformation("W-LTran7"); addTransformation(tran7); 

Coupling c13 = new Coupling(in7, tran7.getInput("in1")); Coupling c14 = new Coupling(tran7.getOutput("out1"), out7); WEAP_LEAP_Transformation tran8 = new WEAP_LEAP_Transformation("W-LTran8"); addTransformation(tran8); 

Coupling c15 = new Coupling(in8, tran8.getInput("in1")); Coupling c16 = new Coupling(tran8.getOutput("out1"), out8); WEAP_LEAP_Transformation tran9 = new WEAP_LEAP_Transformation("W-LTran9"); addTransformation(tran9); 

Coupling c17 = new Coupling(in9, tran9.getInput("in1")); Coupling c18 = new Coupling(tran9.getOutput("out1"), out9); WEAP_LEAP_Transformation tran10 = new WEAP_LEAP_Transformation("W-LTran10"); addTransformation(tran10); 

Coupling c19 = new Coupling(in10, tran10.getInput("in1")); Coupling c20 = new Coupling(tran10.getOutput("out1"), out10); WEAP_LEAP_Transformation tran11 = new WEAP_LEAP_Transformation("W-LTran11"); addTransformation(tran11); 

Coupling c21 = new Coupling(in11, tran11.getInput("in1")); Coupling c22 = new Coupling(tran11.getOutput("out1"), out11); WEAP_LEAP_Transformation tran12 = new WEAP_LEAP_Transformation("W-LTran12"); addTransformation(tran12); 

Coupling c23 = new Coupling(in12, tran12.getInput("in1")); Coupling c24 = new Coupling(tran12.getOutput("out1"), out12); WEAP_LEAP_Transformation tran13 = new WEAP_LEAP_Transformation("W-LTran13"); addTransformation(tran13); 

Coupling c25 = new Coupling(in13, tran13.getInput("in1")); Coupling c26 = new Coupling(tran13.getOutput("out1"), out13); Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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WEAP_LEAP_Transformation tran14 = new WEAP_LEAP_Transformation("W-LTran14"); addTransformation(tran14); 

Coupling c27 = new Coupling(in14, tran14.getInput("in1")); Coupling c28 = new Coupling(tran14.getOutput("out1"), out14); WEAP_LEAP_Transformation tran15 = new WEAP_LEAP_Transformation("W-LTran15"); addTransformation(tran15); 

Coupling c29 = new Coupling(in15, tran15.getInput("in1")); Coupling c30 = new Coupling(tran15.getOutput("out1"), out15); WEAP_LEAP_Transformation tran16 = new WEAP_LEAP_Transformation("W-LTran16"); addTransformation(tran16); 

Coupling c31 = new Coupling(in16, tran16.getInput("in1")); Coupling c32 = new Coupling(tran16.getOutput("out1"), out16); WEAP_LEAP_Transformation tran17 = new WEAP_LEAP_Transformation("W-LTran17"); addTransformation(tran17); 

Coupling c33 = new Coupling(in17, tran17.getInput("in1")); Coupling c34 = new Coupling(tran17.getOutput("out1"), out17); WEAP_LEAP_Transformation tran18 = new WEAP_LEAP_Transformation("W-LTran18"); addTransformation(tran18); 

Coupling c35 = new Coupling(in17, tran18.getInput("in1")); Coupling c36 = new Coupling(tran18.getOutput("out1"), out18); WEAP_LEAP_Transformation tran19 = new WEAP_LEAP_Transformation("W-LTran19"); addTransformation(tran19); 

Coupling c37 = new Coupling(in17, tran19.getInput("in1")); Coupling c38 = new Coupling(tran19.getOutput("out1"), out19); WEAP_LEAP_Transformation tran20 = new WEAP_LEAP_Transformation("W-LTran20"); addTransformation(tran20); 

Coupling c39 = new Coupling(in17, tran20.getInput("in1")); Coupling c40 = new Coupling(tran20.getOutput("out1"), out20); WEAP_LEAP_Transformation tran21 = new WEAP_LEAP_Transformation("W-LTran21"); addTransformation(tran21); 

Coupling c41 = new Coupling(in17, tran21.getInput("in1")); Coupling c42 = new Coupling(tran21.getOutput("out1"), out21); WEAP_LEAP_Transformation tran22 = new WEAP_LEAP_Transformation("W-LTran22"); addTransformation(tran22); 

Coupling c43 = new Coupling(in17, tran22.getInput("in1")); Coupling c44 = new Coupling(tran22.getOutput("out1"), out22); Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 
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addCoupling(c1); 

addCoupling(c2); 

addCoupling(c3); 

addCoupling(c4); 

addCoupling(c5); 

addCoupling(c6); 

addCoupling(c7); 

addCoupling(c8); 

addCoupling(c9); 

addCoupling(c10); 

addCoupling(c11); 

addCoupling(c12); 

addCoupling(c13); 

addCoupling(c14); 

addCoupling(c15); 

addCoupling(c16); 

addCoupling(c17); 

addCoupling(c18); 

addCoupling(c19); 

addCoupling(c20); 

addCoupling(c21); 

addCoupling(c22); 

addCoupling(c23); 

addCoupling(c24); 

addCoupling(c25); 

addCoupling(c26); 

addCoupling(c27); 

addCoupling(c28); 

addCoupling(c29); 

addCoupling(c30); 

addCoupling(c31); 

addCoupling(c32); 

addCoupling(c33); 

addCoupling(c34); 

addCoupling(c35); 

addCoupling(c36); 

addCoupling(c37); 

addCoupling(c38); 

addCoupling(c39); 

addCoupling(c40); 

addCoupling(c41); 

addCoupling(c42); 

addCoupling(c43); 

addCoupling(c44); 
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} 

} 



Figures  4  and  5  present  screenshots 

no data for the activity level ( activity level) of showing  the state of the LEAP model before 

the  energy  demand  for  surface  irrigation   in and after its coupling to WEAP via MI, in the 

 the   LEAP  model.  After  running  the  MI,  the version  in  which  the  variables  are  translated mentioned  field  was  populated  with  data 

into  English.  Before  this  process,  there  were transferred from WEAP to LEAP. 



Figure 4. LEAP screen shot before docking with WEAP 

 

Source: Silva (2023) 



Figure 5. LEAP screen shot after docking with WEAP 

 

Source: Silva (2023) 
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Some  quantifications  of  the  AEA 

conditions and future projections can be seen 

nexus  in  the  PCJ  basins  under  historical 

in Figures 6, 7, 8, 9 and 10. 



Figure 6. Energy demand, in gigajoules (GJ), for the use of diesel in each type of soybean plant under the BAU and RCP scenarios 



Source: Silva (2023) 



Figure 7. Tons of CO2 equivalent (GWP-100) resulting from the type of soybean planted in the BAU and RCP scenarios 



Source: Silva (2023) 
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Figure 8. Volumes of treated water and energy demand of water treatment plants (WTPs) located in the PCJ basins under the BAU and RCP scenarios (LEAP model) and the BAU and RCP4.5 and RCP8.5 scenarios (WEAP model) 



Source: Silva (2023) 



Figure 9. Energy demand, in gigajoules (GJ), for the use of diesel in sugarcane harvesters in the BAU and RCP scenarios 



Source: Silva (2023) 
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Figure  10. Tons  of  CO2  equivalent  (GWP-100)  resulting  from  the  use  of  diesel  in  sugarcane harvesters in the BAU and RCP scenarios 



Source: Silva (2023) 

 

 

6 CONCLUSION 

7 ACKNOWLEDGMENTS 

 



The  WEAP-KIB-LEAP   framework 

To  CNPq  (National  Council  for  Scientific 

proved  to  be  an  effective  tool  for 

and  Technological  Development),  for  the 

quantitatively  modeling  the  water-energy-

scholarship 

granted 

through 

process 

food  nexus  in  river  basins,  allowing  the 

143899/2019-8, 

which 

allowed 

full 

integration  of  models  developed  in  WEAP 

dedication to research. This work was carried 

and LEAP with different temporal scales. 

out  with  the  support  of  the  Coordination  for The application of the methodology in 

the  Improvement  of  Higher  Education 

the  Piracicaba,  Capivari  and  Jundiaí  river 

Personnel  –  Brazil  (CAPES)  -  Financing 

basins,  with  historical  and  projected  data, 

Code 001. 

provided  a  broad  and  detailed  view  of  the 



interactions  between  water,  energy  and  food 

 

resources.  This  approach  offers  a  solid  basis 8 REFERENCES 

for planning and optimizing  the use of water 

 

and  energy  resources,  aligns  with  the 

KOUNDOURI, P.; PAPADAKI, L. 

Sustainable 

Development 

Goals, 

and 

Integrating Water-Food-Energy Nexus with 

represents  a  relevant  contribution  to  the 

Climate Services: Modeling and Assessment 

sustainable management of river basins. 

for a Case Study in Africa. In: 

It  is  recommended  that  the  WEAP-

KULSHRESHTHA, SN (ed.). Sustainability 

KIB-LEAP  framework be applied  in different Concept in Developing Countries. London, 

contexts  and  regions  to  assess  its  viability UK: Intechopen , 2020. chap. 3, p. 96-116. 

and potential for adaptation to other realities. 









SILVA. TL modeling of the impacts of 



climate change on the Piracicaba, Capivari 



and Jundiaí river basins considering the 

Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 

Silva, et al.                                                                                 653 



water‒energy‒food nexus. 2023. Thesis 



(PhD in Irrigation and Drainage) – Faculty of 

YILIN, S.; YING, G.; YUANYUAN , G; 

Agricultural Sciences, São Paulo State 

LANZHEN, W.; YANJUN, S. Evaluating 

University, Botucatu, 2023. 

water resources sustainability of water-



scarcity basin from a scope of WEF-Nexus 

WICAKSONO, A.; KANG, D. Nationwide 

decomposition: the case of Yellow River 

simulation of water, energy, and food nexus: 

Basin. Environment, Development and 

case study in South Korea and Indonesia. 

Sustainability, Amsterdam, v. 26, no. 1, p. 

Journal of Hydro-Environment Research, 

29583–29603, March 2024. DOI: 

Amsterdam, v. 22, no. 1, p. 70-87, Jan. 2019. 

10.1007/s10668-024-04586-6. Available at: 

DOI: 10.1016/j.jher.2018.10.003. Available 

https://doi.org/10.1007/s10668-024-04586-6. 

at: 

Access in 1 set. 2024. 

http://dx.doi.org/10.1016/j.jher.2018.10.003. 

Access on: 1 Sep 2020. 









Irriga, Botucatu, v. 28, n. 4, p. 633-653, outubro-dezembro, 2023 



index-17_1.png
Area Edt View Anshysis Togs Generol Tee Chat Advanced Help
[ New @ Open | Save - Email @) Backup @ Find | [£] Settings @ Tags (@ Scenarios () Fuels & Effects ([ Units | [yp What's Tis?

@ @[ A & @ @ o Bonc:Demand Surface Inigation Electicity
srancr: Al ranches | arabe: Aty Level | Scenari: BAS: Baseline

e — - = —
‘Activity Level | Load Shape | Final Energy Intensity | All Variables | 1

|| Activiy Levek A measur ofthe socal oreconomic activiyfor which energy s consumed. Default="0"] € I
1995 Baseline
= G Scle  Units Per
Sufoce migation 000 Cubic Meter 1
P Electricity 4874873 Percent  Share. ‘of Cubic Meter
I Diesel 51.3 Remainder(100) Percent  Share. ‘of Cubic Meter
@ UbanResider |
26 sutae nguien oo oocooocooooooooood

& Hecticity
& Diesl
& Conventional Sprinkler Irrigation
&) Self Propelled Irgation
& Center Pivo Irigation
& Drip Imigation
& MicroSprinkler Iigation
5 Sugarcane Harvester
51 Soybean Disk Harrow
€ Soybean Seed ril
563 Soybean Boom Sprayer
&€ Soybean Harvest
€ Soybean ChiselPlow
@) Coffee Bean
@ Pasture.
6 Cirs
€ Load Shapes
6 Tensformation
6 Resources.

Surface Imigation: Activity Level (% Share of Cubic Meter)

¥ Ml Electicity
M Diesel

2000 2012 2015 2018

201 @ @

5 Share of Cubic Meter






index-17_2.jpg
Ares Edit View Analysis Tags General Tree Chart Advanced Help

[ New ¥ 0pen | Save d Email @) Backup @ Find | [7] Settings @ Togs [ Scenarios () Fuels b Effects [I] Units | iyp What's This?

Hehez|tdnalds
£ Livestock
&6 0PM
@ Hlectricty
© £ Silage Cutter
@ Electricity
€ Feed Mixer
@ Electricity
& Cow Milking Machine
& Electricity
= Bulk Milk Cooler
@ Hectricty
& Urban Residential
& Lighthing
@ Thermal Comfort
4} Water Heating
@ Leisure
&) Food Preservation
) Others Uses
© Suface Inigation
@ Electricity
) ) Diesel
& Conventional Sprinkler Iigation
@ Electricity
@ & Diesel
62 Self Propelled Irrigation
& Electricity
@ &b Diesel
€3 Center Pivot Inigation
@ Electricity
© & Diesel

 BERE(~ v de
‘Han All Branches ~

[Rctiviy Level | Load Shape | Fi

Branch: Demand Surface igation.

‘MIEAMV o | scenario: Ba5: Baseline

Activity Level: A measure of the social or economic activity for which energy is consumed. [Default="0"] @

Branch
Surface Irrgation

b Electicity
Diesel

1995 Baseline.
Value Expression

0.00 Step(1995, 3931780.35, 1996, 2667866.6400000006, 1997, 2363652.05,
4873 Interp(1996, 50.59, 1997, 52.46, 1998, 54.32, 1999, 56.19, 2000, 58.05,

51.27 Remainder(100)

Scale

Percent

Units

Cubic Meter

Share
Share

Per

of Cubic Meter
of Cubic Meter

Expression OK || Checkss You Type

% Share of Cubic Me

Chart

—
o

r}nlgg Builder | () Notes. |@ Eisborstion
Show: Activity Level

Surface Iigation: Activity Level (% Share of Cubic Meter)

& F

&£

Allyears

o

»

5

£

&

»

Electicity
¥ Il Diesel






index-18_2.jpg
3.500

2

§ 3000
5

33 250
Sg

55 2,000
o

23 15
w9

28 1.000
gL

3 50
s

2 0

DD D DDD D D@D B Do A D AR PD DD DDA D
FEESFESE TSP L CEF P O F T PP T PP S S
—a— Escarificador BAU ~&— Gradeamento BAU ——Semeadora BAU ~—a—Pulverizagio BAU s Colheita BAU

Escarificador RCP Gradeamento RCP Semeadora RCP Pulverizagio RCP Colheita RCP





index-19_1.png
6.000.000
5.400.000
4.800.000
4.200.000
3.600.000
3.000.000
2.400.000
1.800.000
1.200.000

600.000

5
e

ETAs- Demanda energética

P
/ ///

8383 38R8RR R NHHERE R dnEEREREEE

wm— Energia BAU s Energia RCP ——Agua BAU ~—— Agua RCP4.5 e RCP8.5

900
800
700
600
500
400
300
200
100

g

Agua tratada (10° m?)





index-4_1.png
Passo 1
TnputFromWEAP inl = new InputFromWEAP(“inl", new

WeapParameters (WEAP_PROJECT_NAME, ComponentTypes.DemandSite, “Componente Name" ,
PortTypes.output, “"Variable Name", “Scenario Name"));

OutputToLEAP outl = new OutputToLEAP(“outl”, new
LeapParameters(LEAP_PROJECT_NAME,

kib. few.leap.utilities.enums.ComponentTypes.Demand, "Component Name”,
kib.few.leap.utilities.enums.PortTypes.Input, "variable Name”, "Scenario Name"));

Passo 2
addInput(in1);
addoutput (out1);

Passo 3
WEAP_LEAP_Transformation tranl = new WEAP_LEAP_Transformation("W-L-Tranl");

Passo 4
addTransformation(trant);

Passo 5
new Coupling(ini, trani.getInput("ini®));
new Coupling(tranl.getOutput(“out1”), outl);

Coupling c1
Coupling c2

Passo 6
addCoupling(c1);
addCoupling(c2);






index-18_1.jpg
100.000

s

'% 90.000

§ 80.000

iam.uou

& g 0000

|

E%SOBDO

ggaonoo

2 30,000

H

_g. 20.000

F 10,000
0
$ «q&’b‘:’\ oP P A N D 0 O NS o A S >
& S &30 8 W 5 5 A A
FEESEES ST N EEIE L ISP T EE P

—e—Cultivo minimo BAU —a—Plantio Direto BAU ——Plantio convencional BAU
nal RCP

Cultivo minimo RCP Plantio Direto RCP Plantio conven





index-5_1.png
Atividade anual do usuario de energia (ex.. Taxa anual de uso de energia por unidade de

consumo hidrico das estacdes de tratamento de atividade (ex. kwh/m?)
agua, em m?)






index-20_1.png
00L-dMO (8°021)
ajusjeAinbg Qo ep sepejauo)

6902
1902
$90Z
€902
1902
6502
1502
§502
€502
1502
602
JA{v4
Sv0Z
£v0Z
(314
6€£02
1€02
S€02
€€0Z
1€02
6202
1202
erdv4
€202
1eoe
6102
1102
sLoz
€102
Loz
6002
1002
5002
€002
1002
6661
1661
5661

u Colheitadeiras de cana-de-aglicar BAU

Colheitadeiras de cana-de-agucar RCP





index-7_1.jpg
WEAP LEAP
& Abastecimento urbano e rural = € Demand
Mineracao @& Industria
@ Pecuaria @0 ETEs
Industria @0 ETAs
Usinas Termeletricas @& Pecuaria
Sistema Cantareira @& Residencial Urbano
Imgacao por superfici @ ) Imgacao por superfi
Aspersao C: @ Aspersao C. !
Pivo Central @& Autopropelido
Autopropelido @& Pivo Central
Gotej —* & £ Gotej
Microaspersao @ &3 Microaspersao
Cana de acucar @& Colheitadeira de cana de acucar
Soja — @ Soja Gradeamento
& Subbacia PC) \‘\.m.mm
Citros Qm.&ﬁw”
Pastagem \:.SQ.CM
Cafe £ Soja Escarificador
@ Mosaico de culturas e pastagem 1]
Silvicultura -Q:Q.Pw
Outras culturas perenes @& Citros
& Hydrology
@ Supply and Resources
= Water Quality






index-19_2.png
il

1.100.000
1.000.000
900.000
800.000
700.000
600.000
500.000
400.000
300.000
200.000
100.000

(ro) eonabiaus epuewaq
1ean3e-ap-eued ap SelIapejay|od

6902
1902
$902
€902
1902
6502
1502
5502
€502
1502
6¥0C
102
S¥0T
£¥0C
Loz
6€0C
1802
§€0C
££02
Le0z
6202
1202
§e0C
€202
Leoz
6102
10T
§10e
€102
Loz
6002
00T
§002
£002
Looz
6661
1661
G661

“RCP

=BAU





