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1  Introduction  

1.1   Background  

Many regions are facing formidable freshwater management challenges. Allocation of limited water 

resources, environmental quality and policies for sustainable water use are issues of increasing concern. 

Conventional supply-oriented simulation models are not always adequate. Over the last decade, an 

integrated approach to water development has emerged which places water supply projects in the context 

of demand-side issues, as well as issues of water quality and ecosystem preservation. 

The Water Evaluation and Planning System (WEAP) aims to incorporate these values into a practical tool 

for water resources planning. WEAP is distinguished by its integrated approach to simulating water 

systems and by its policy orientation. WEAP places the demand side of the equation--water use patterns, 

equipment efficiencies, re-use, prices, hydropower energy demand, and allocation--on an equal footing 

with the supply side--streamflow, groundwater, reservoirs and water transfers. WEAP is a laboratory for 

examining alternative water development and management strategies. 

WEAP is comprehensive, straightforward and easy-to-use, and attempts to assist rather than substitute for 

the skilled planner. As a database, WEAP provides a system for maintaining water demand and supply 

information. As a forecasting tool, WEAP simulates water demand, supply, flows, and storage, and 

pollution generation, treatment and discharge. As a policy analysis tool, WEAP evaluates a full range of 

water development and management options, and takes account of multiple and competing uses of water 

systems. 

See also: Overview, WEAP Approach, Getting Started  

1.2   Overview  

Operating on the basic principle of water balance accounting, WEAP is applicable to municipal and 

agricultural systems, single subbasins or complex river systems. Moreover, WEAP can address a wide 

range of issues, e.g., sectoral demand analyses, water conservation, water rights and allocation priorities, 

groundwater and streamflow simulations, reservoir operations, hydropower generation and energy 

demands, pollution tracking, ecosystem requirements, and project benefit-cost analyses. 

The analyst represents the system in terms of its various supply sources (e.g., rivers, creeks, groundwater, 

reservoirs); withdrawal, transmission and wastewater treatment facilities; ecosystem requirements, water 

demands and pollution generation. The data structure and level of detail may be easily customized to meet 

the requirements of a particular analysis, and to reflect the limits imposed by restricted data. 

WEAP applications generally include several steps. The study definition sets up the time frame, spatial 

boundary, system components and configuration of the problem. The Current Accounts provide a 

snapshot of actual water demand, pollution loads, resources and supplies for the system. Alternative sets 

of future assumptions are based on policies, costs, technological development and other factors that affect 

demand, pollution, supply and hydrology. Scenarios are constructed consisting of alternative sets of 

assumptions or policies. Finally, the scenarios are evaluated with regard to water sufficiency, costs and 

benefits, compatibility with environmental targets, and sensitivity to uncertainty in key variables.  
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1.3   The WEAP Approach  

Computer modeling in the field of water resources has a long history. Many sophisticated models have 

faltered by being mathematically obscure and overly ambitious in attempting to "optimize" solutions to 

real-life problems. Experience shows that the best approach is to build a straightforward and flexible tool 

to assist, but not substitute for, the user of the model. WEAP represents a new generation of water 

planning software that utilizes the powerful capability of today's personal computers to give water 

professionals everywhere access to appropriate tools. 

The design of WEAP is guided by a number of methodological considerations: an integrated and 

comprehensive planning framework; use of scenario analyses in understanding the effects of different 

development choices; Demand-management capability; Environmental assessment capability; and Ease-

of-use. These are discussed in turn below. 

1.3.1  Integrated and Comprehensive Planning Framework  

WEAP places the evaluation of specific water problems in a comprehensive framework. The integration 

is over several dimensions: between demand and supply, between water quantity and quality, and between 

economic development objectives and environmental constraints. 

1.3.2  Scenario  Analysis  

With WEAP, you first create a Current Accounts of the water system under study. Then, based on a 

variety of economic, demographic, hydrological, and technological trends, a "reference" or "business-as-

usual" scenario projection is established, referred to as a Reference Scenario. You can then develop one 

or more policy scenarios with alternative assumptions about future developments. 

The scenarios can address a broad range of "what if" questions, such as: What if population growth and 

economic development patterns change? What if reservoir operating rules are altered? What if 

groundwater is more fully exploited? What if water conservation is introduced? What if ecosystem 

requirements are tightened? What if new sources of water pollution are added? What if a water-recycling 

program is implemented? What if a more efficient irrigation technique is implemented? What if the mix 

of agricultural crops changes? What if climate change alters the hydrology? These scenarios may be 

viewed simultaneously in the results for easy comparison of their effects on the water system. 

1.3.3  Demand Management Capability  

WEAP is unique in its capability of representing the effects of demand management on water systems. 

Water requirements may be derived from a detailed set of final uses, or "water services" in different 

economic sectors. For example, the agricultural sector could be broken down by crop types, irrigation 

districts and irrigation techniques. An urban sector could be organized by county, city, and water district. 

Industrial demand can be broken down by industrial subsector and further into process water and cooling 

water. This approach places development objectives--providing end-use goods and services--at the 

foundation of water analysis, and allows an evaluation of effects of improved technologies on these uses, 

as well as effects of changing prices on quantities of water demanded. In addition, priorities for allocating 

water for particular demands or from particular sources may be specified by the user. 
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1.3.4  Environmental  Effects  

WEAP scenario analyses can take into account the requirements for aquatic ecosystems. They also can 

provide a summary of the pollution pressure different water uses impose on the overall system. Pollution 

is tracked from generation through treatment and outflow into surface and underground bodies of water. 

Concentrations of water quality constituents are modeled in rivers. 

1.3.5  Ease of Use  

An intuitive graphical interface provides a simple yet powerful means for constructing, viewing and 

modifying the system and its data. The main functions--loading data, calculating and reviewing results--

are handled through an interactive screen structure that prompts the user, catches errors and provides on-

screen guidance. The expandable and adaptable data structures of WEAP accommodate the evolving 

needs of water analysts as better information becomes available and planning issues change. In addition, 

WEAP allows users to develop their own set of variables and equations to further refine and/or adapt the 

analysis to local constraints and conditions. 

1.3.6  Urban Water Management  

One of the strengths of WEAP is that it is adaptable to whatever data is available to describe a water 

resources system. That is, it can use daily, weekly, monthly, or annual time-steps to characterize the 

system's water supplies and demands. This flexibility means that it can be applied across a range of 

spatial and temporal scales. Indeed, WEAP has been used throughout the world to analyze a diverse set of 

water management issues for small communities and large managed watersheds alike.  

Historically, WEAP has been used primarily to assess the reliability of water deliveries and the 

sustainability of surface water and groundwater supplies under future development scenarios. This type of 

application of WEAP has focused on the water supply implications of proposed management and/or 

infrastructural changes, but has overlooked the impacts of these changes on the management of storm 

water and wastewater. Recent advancement of the model, however, has allowed for the holistic, 

comprehensive consideration of each of these facets of managing local water resources. The updated 

model can now be used to address questions surrounding the integration of storm water, waste water, and 

water supply. These include: 

¶ How will water supply and wastewater treatment facilities be affected by the retention and/or 

diversion of storm waters? 

¶ How will improvements in water collection systems affect water supply and wastewater 

treatment? 

¶ How will modifications of combined sewer overflow systems affect wastewater treatment? 

¶ How can reclaimed wastewater be used to augment water supply? 

The enhanced WEAP model includes updated features that allow the user to include the following: 

¶ Infiltration and Inflow  from groundwater to sewage collection systems. These inflows can stress 

rivers and streams by removing clean water from watersheds and place additional burden on 

wastewater treatment by taking up valuable plant capacity and limiting future sewer connections. 

¶ Infiltration Basins & Reten tion Ponds as management practices. These can be used to offset the 

impacts of urbanization, where water demands increase and potentially threaten water supplies as 

more rainfall runs off of expanding impervious surfaces, rather than recharging local aquifers. 

They can also serve to attenuate non-point source pollution. 
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¶ Display of User-Defined Performance Measures as Results. This will allow for the output of 

site-specific performance measures and criteria, which are commonly guided by the objectives of 

individual studies and systems configuration and local conditions. 

¶ Tiered Water Pricing policies as a means of promoting demand management. 

¶ Combined Sewer Overflows (CSOs) that pose potential risks to public health and aquatic life, 

because they discharge chemicals and disease-causing pathogens directly into waterways. 

 

1.4   Getting Started  

Each WEAP analysis is conducted in a single area. An area is typically a watershed, but could also be a 

larger or smaller geographic region. The last viewed area will open automatically when WEAP starts. 

These help files contain comprehensive information on using the WEAP software. To get started, we 

suggest you familiarize yourself with some of the major concepts: 

¶ Help: Use the Help menu to get access to WEAP's online documentation. Press the F1 key to get 

context-sensitive help anywhere in WEAP. 

¶ Views: WEAP is structured as a set of five different "views" onto your Area: Schematic, Data, 

Results, Scenario Explorer, and Notes. These views are listed as graphical icons on the View Bar, 

located on the left of the screen. 

¶ Current Accounts: The Current Accounts represent the basic definition of the water system as it 

currently exists, and forms the foundation of all scenarios analysis. 

¶ Scenario analysis is at the heart of using WEAP. Scenarios are self-consistent story-lines of how 

a future system might evolve over time in a particular socio-economic setting and under a 

particular set of policy and technology conditions. The comparison of these alternative scenarios 

proves to be a useful guide to development policy for water systems from local to regional scales. 

¶ User Interface: This documentation assumes you are familiar with Windows-based programs. 

The main screen of the WEAP system consists of the View Bar on the left of the screen and a 

main menu at the top providing access to the most important functions of the program, and a 

status bar at the bottom of the screen showing the current area name, current view, licensing 

information and other status information. The layout of the rest of the screen will depend on 

which view is selected. 

¶ Calculation Algorithms: WEAP calculates a water and pollution mass balance for every node 

and link in the system on a monthly time step. Water is dispatched to meet instream and 

consumptive requirements, subject to demand priorities, supply preferences, mass balance and 

other constraints. 

¶ Sample Data: WEAP comes with a sample data set for a fictional area called the Weaping River 

Basin. The User Guide refers to this data set when describing data entry screens and reports. It is 

worthwhile exploring this data set, as it illustrates most of the features of WEAP and the types of 

analysis that WEAP facilitates. Essentially, the area depicts a river basin with growing problems 

of water shortages, groundwater depletion and environmental pressures. These problems of the 

Reference Scenario are addressed in a series of scenarios employing a variety of both demand- 

and supply-oriented measures. 
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¶ Importing Data : If you have a full sequence of annual or monthly data, for example on 

streamflows or municipal demands, the Read From File function allows you read this data from 

an ASCII data file. 

¶ Additional Inf ormation on the hardware and software requirements for using WEAP, and on 

how to license the system and obtain technical support is also available. 

See also: Background, Overview, WEAP Approach  
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2  WEAP Structure  

2.1   Main Menu  

The main menu in WEAP provides access to the most important functions of the program. There are 

seven sub-menus: 

2.1.1  Area Menu  

The area menu provides options for creating, opening, saving and managing areas (typically river basins), 

as well giving access to Area-wide operations such as managing scenarios, setting print options and 

exiting WEAP. 

Click on Manage Areas to see all recent WEAP areas, associated planning periods, date and time of last 

changes, initials of person who made changes, directory size of the area, and zip status. An accompanying 

image of each WEAP area is shown in the inset in the lower left. A notes field is also provided. In 

Manage Areas, a new WEAP area can be created, areas can be opened, renamed, deleted, backed-up, e-

mailed, and zipped. To open a previously backed-up WEAP area not listed, click on Restore. The Repair 

button will check and repair the database files of the highlighted area. 

2.1.2  Edit Menu  

The edit menu gives access to standard Windows editing operations: cut (Ctrl-X), copy (Ctrl-C), paste 

(Ctrl-V) and undo (Ctrl-Z). Note that the Undo feature is limited to a single undo operation and only 

within a given text editing box. WEAP does not currently support undoing of operations that affect data 

structures, nor does it support multi-level undo. 

2.1.3  View Menu  

The View menu allows you to switch between the five basic views in the WEAP system. It also lets you 

show or hide the View Bar, which by default is shown on the left of the screen. If the View Bar is hidden 

(to make more room on screen), use the View menu to switch views. See the View Bar help topic for a 

description of each view. 

2.1.4  General Menu  

The general menu gives access to basic parameters, such as the time horizon and units used for your 

analysis and the water quality constituents to be modeled. The user also has the option to determine 

whether or not individual demand branches within a demand site have the same monthly variation. 

2.1.5  Schematic View  

Various formatting options are available for the Schematic View. The user can set the area boundaries, 

change the size of the demand nodes and labels, hide all WEAP objects, and choose among a variety of 

priority views (e.g., demand site priorities, supply preferences). 
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2.1.6  Tree Menu  

The tree menu is used to edit and navigate through the Tree which appears in the Data View. Options on 

this menu allow you to add, rename, delete, move and organize branches. See "Editing the Tree" for more 

information. Many of these functions are also available by right-clicking on the Tree. 

2.1.7  Favorites Menu  

The Favorites menu, which is only displayed when in the Results View, lets you save favorite charts 

including all settings for the axes, type of chart, and formatting. This feature is similar to the 

bookmark/favorites features found on popular Internet browsing software. In the Scenario Explorer View, 

you can group together favorite charts to create overviews of different results. Use the "Save Chart as 

Favorite" option to bookmark the current highlighted chart. You will be asked to give the favorite a name. 

Use the "Delete Favorite" option to delete a saved favorite. To switch to a favorite chart, select its name 

from the favorites menu. 

2.1.8  Explorer Menu  

The Explorer menu covers all aspects of displaying and formatting the data (inputs) and results (outputs) 

in the Scenario Explorer View, 

2.1.9  Help Menu  

The Help menu gives access to the contents, index and search pages of WEAP's help system. You can 

also press the F1 key at any time to access context-sensitive help appropriate to the screen you are 

working in. 

The Help menu also gives access to the WEAP web site (this requires an Internet connection) and lets you 

send an email to SEI requesting technical assistance. This feature requires that you have a MAPI 

compliant email system installed on your PC, such as Microsoft Outlook or Netscape Navigator. An 

"About" screen gives you contact information should you wish to contact SEI by mail, phone or fax. This 

screen also gives you system information which can be useful in identifying problems you may encounter 

while running WEAP. An option labeled "Check on Internet for Updates" automatically checks for 

newer versions of WEAP over the Internet, and installs them onto your PC. This is the preferred method 

of updating the software as it requires a much smaller download compared to a full download and re-

installation of the system. WEAP will automatically check for a newer version on startup, if there is an 

active Internet connection at the time. 

NB: the versions of WEAP available on the Internet work by default in "evaluation" mode (i.e., with the 

"Save" feature disabled). For those using this version, the "Register WEAP" option can be used to enter a 

user name and registration code to fully unlock the software. User names and registration codes are 

distributed by SEI to licensed users of the system. Visit the WEAP web site for more information on 

licensing WEAP.  

2.2   View Bar  

WEAP is structured as a set of five different "views" of your area. These views are listed as graphical 

icons on the "View Bar", located on the left of the screen. Click an icon in the View Bar to select one of 

the views. For the Results and Scenario Explorer view, WEAP will calculate scenarios before the view is 

displayed, if any changes have been made to the system or the scenarios. 
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The Schematic View is the starting point for all activities in WEAP. A central feature of WEAP 

is its easy-to-use "drag and drop" graphical interface used to describe and visualize the physical 

features of the water supply and demand system. This spatial layout is called the schematic. 

You can create, edit and view it in the Schematic View. GIS layers can be added for clarity and 

impact. The Schematic View provides you with one-click access to your entire analysis--right click on 

any element in the schematic to access its data or results. 

The Data View is the place where you create your data structures, models and assumptions in 

WEAP. In the Data View, the screen is divided into four panes. On the top left, a hierarchical 

tree is used to create and organize data structures under six major categories Key Assumptions, 

Demand Sites, Hydrology, Supply and Resources, Environment, and Other Assumptions. The tree is also 

used to select the data to be edited, which is shown on the right of the screen. For example, clicking on 

the "Demand Sites" tree branch on the left of the screen, will display the data for all demand sites on the 

right of the screen. On the bottom left is a data inset schematic. Clicking on an element in the schematic 

will result in a jump to its place on the tree. On the top-right of the screen, a data entry table is used to edit 

data and create modeling relationships. The information you enter here is displayed graphically in the 

bottom right pane. 

The Results View displays a wide variety of charts and tables covering each aspect of the 

system: demand, supply, costs, and environmental loadings. Customizable reports can be viewed 

for one or more scenarios. You can also use the "Favorites" option to bookmark the most useful 

charts for your analysis. 

The Scenario Explorer View is used to group together "Favorite" charts (created earlier in the 

"Results" view) into "Overviews" for simultaneous display. With Overviews, you can get a 

birds-eye perspective on different important aspects of your system, such as demands, coverage, 

flows, storage levels, environmental impacts and costs. You can create multiple Overviews, each of which 

can display up to 25 different Favorites.  In addition to showing Results, the Scenario Explorer View can 

display selected Data across many scenarios, to help demonstrate the impact of various assumptions and 

policies on results.  These input values can be changed on the spot and WEAP will recalculate and update 

the results. 

The Notes View is a simple word processing tool with which you can enter documentation and 

references for each branch of the tree. To edit the notes, either type directly into the Notes 

Window, or select Edit to display a larger window with additional word-processing features. 

Notes can include formatting (bold, underline, fonts, etc.) and can also include standard Windows 

"objects" such as spreadsheets. Use the Print and Print All buttons ( ) to print one or all of the notes or 

the Word buttons to export one or all of the notes to Microsoft Word. We highly recommend extensive 

use of notes to document each scenario. 

Tip: If you are working on a low-resolution screen, we suggest that you hide the View Bar to make more 

space on the screen. Use the menu option View: View Bar to do this. You will then need to use the View 

menu to select the different views. 

 

2.3   Schematic View  

The Schematic View is the starting point for all activities in WEAP. A central feature of WEAP is its 

easy-to-use "drag and drop" graphical interface used to describe and visualize the physical features of the 

water supply and demand system. This spatial layout is called the schematic. You can create, edit and 

view it in the Schematic View. GIS layers can be added to provide clarity and impact. 
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The schematic also provides you with one-click access to your entire analysis. Right click on any element 

in the Main Schematic, and choose the data variable to edit under Edit Data, or the result table to view 

under View Results. In the example at the right, the user is about to edit Storage Capacity data for the 

groundwater node named West Aquifer.  
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2.4  Data View  

In the Data View you build the model of your system, entering the data structures, data, assumptions, 

modeling relationships and documentation for the Current Accounts and for each scenario. The screen is 

divided into four panes (marked by red boxes in figure below): 

 

2.4.1  Tree  

On the top left, a hierarchical tree is used to create and organize data structures under six major 

categories: Key Assumptions, Demand Sites, Hydrology, Supply and Resources, Environment, and Other 

Assumptions. The tree is also used to select the data to be edited, which is shown on the right of the 

screen. For example, clicking on the "Demand Sites" tree branch on the left of the screen will display the 

data for all demand sites on the right of the screen. Note that when you click on a tree branch, the 

associated object in the schematic will flash on the map. See Tree Overview for more information. 

2.4.2  Inset Schematic  

A small schematic of your area is located on the bottom left. When you click on an element, it will be 

highlighted in the tree (above) and its data will be displayed in the data entry tables to the right. 

Conversely, when you click on a branch in the tree, the associated element on the Schematic will flash 

briefly. Move the zoom bar (below the schematic) to zoom in or out. Alternatively, hold down the Ctrl  

key and click and drag to define a region to zoom in to. Hold down the Shift key and click and drag on 

the schematic to pan. When the mouse cursor is positioned over the inset schematic, rotating the mouse 

wheel will zoom in or out. 



Chapter 2: WEAP Structure 

12 

2.4.3  Data Entry Tables  

The data entry tables on the top right are used to enter expressions that define Current Accounts and 

Scenario values of variables. Each data variable appears on its own tab; related variables are grouped into 

categories (selected via buttons). Above the data entry tables is a set of buttons giving access to the 

different variable categories associated with each branch. The buttons and tabs you see will vary 

depending on what part of the data set you are working on. For example, when editing demand sites you 

will see buttons giving access to "Water Use," "Loss and Reuse," "Demand Management," "Cost," 

"Priority," and "Advanced," while for reservoirs you will see buttons for "Physical," "Operation," 

"Hydropower," "Water Quality," "Cost," and "Priority." Click on one of these buttons to see the variables 

in that category. For example, "Water Use" has three variables: "Annual Activity Level," "Annual Water 

Use Rate," and "Monthly Variation." There are wizards to help you construct the expressions--see 

Expression Builder, Yearly Time-Series Wizard and Monthly Time-Series Wizard. There is a "Help" 

button next to the description of each variable that can be clicked on to retrieve more information about 

that variable. 

Immediately above the data entry tables is a toolbar containing a selection box and the Manage Scenarios 

button. Use the selection box to choose which data to edit--Current Accounts or one of the Scenarios. 

Click on Manage Scenarios to create, rename or delete scenarios, or to change their inheritance 

relationships. 

2.4.4  Data Entry Results and Notes  

The bottom right pane displays the data you entered in the top pane as either a chart or a table. These let 

you quickly examine the values generated by the expressions you have entered above. A toolbar on the 

right of the pane gives access to a range of options for formatting charts and tables (e.g. picking chart type 

and stacking options, colors, 3D effects, grids, number of decimal places, etc.) and for printing and 

copying charts and tables and exporting tables to Microsoft Excel. 

The bottom pane also gives access to a notes screen: a word processing tool in which you can enter 

documentation and references for each branch of the tree. To edit the notes, right-click and select Edit to 

display the notes in a larger window, which includes a basic set of word processing controls. Notes can 

include formatting (bold, underline, fonts, etc.) and can also include standard Windows "objects" such as 

spreadsheets. 

You may resize each of these four panels by dragging the dividing bars between them. 

A record of all changes made to data in the order the changes were made are recorded in the text file 

Changes.txt (stored in the subdirectory for a WEAP area). Users enter their initials upon logging in when 

WEAP starts so that any changes can be catalogued in this file and attributed to a specific user. 

See also: View Bar  

2.5   Results View  

Once you have entered data for your area, click on the Results View. WEAP can run its monthly 

simulation and report projections of all aspects of your system, including demand site requirements and 

coverage, streamflow, instream flow requirement satisfaction, reservoir and groundwater storage, 

hydropower generation and energy demands, evaporation, transmission and return flow losses, 

wastewater treatment, pollution loads, and costs. Calculations can be interrupted by pressing the Cancel 

button. 
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The Results View is a general purpose reporting tool for reviewing the results of your scenario 

calculations in either chart or table form, or displayed on your schematic. Monthly or yearly results can be 

displayed for any time period within the study horizon. The reports are available either as graphs, tables 

or maps and can be saved as text, graphic or spreadsheet files. You may customize each report by 

changing: the list of nodes displayed (e.g., demand sites), scenarios, time period, graph type, unit, 

gridlines, color, or background image. (See Charts, Tables and Maps for more details.) Once you have 

customized a report, you can save it as a "favorite" for later retrieval. Up to 25 "favorites" can be 

displayed side by side by grouping them into an "overview". Using favorites and overviews, you can 

easily assemble a customized set of reports that highlight the key results of your analysis. 

In addition to its role as WEAP's main reporting tool, the Results View is also important as the main place 

where you analyze your intermediate results to ensure that your data, assumptions and models are valid 

and consistent. 

The reports are grouped into three main categories: Demand, Supply and Resources, and Environment.  

2.6   Scenario Explorer View  

The Scenario Explorer View is used to group together multiple "Favorite" charts and tables (created 

earlier in the Results View) into "Overviews." With Overviews, you can simultaneously examine 

different important aspects of your system, such as demands, coverage, flows, storage levels, 

environmental impacts and costs.    

In addition to showing Results, the Scenario Explorer View can display selected Data across many 

scenarios, to help demonstrate the impact of various assumptions and policies on results.  These input 

values can be changed on the spot and WEAP will recalculate and update the results.   

For details on choosing and configuring the Data Variables and Results Charts in the Scenario Explorer, 

see Scenario Explorer.  

See also: View Bar, Scenario Explorer  

2.7   Notes View  

The notes screen is a simple word processing tool with which you can enter documentation and references 

for each branch of the tree. To edit the notes, either type directly into the Window, or right-click and 

select Edit to display a larger window with additional word-processing features. 

Notes can include formatting (bold, underline, fonts, etc.) and can also include standard Windows 

"objects" such as spreadsheets. Use the Print and Print All buttons () to print one or all of the notes or 

the Word buttons to export one or all of the notes to Microsoft Word. 
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3  Setting Up Your Analysis  

To setup an area, the problem under study is characterized by defining physical elements comprising the 

water demand-supply system and their spatial relationships, the study time period, units, hydrologic 

pattern, and, when needed, water quality constituents and cost parameters. A central feature is an easy-to-

use "drag and drop" graphical interface used to lay out and visualize the physical features of the water 

supply and demand system. This spatial layout represents the Schematic.  

3.1  Creating an Area  

3.1.1   Create Area   

An "area" in WEAP is defined as a self-contained set of data and assumptions. Its geographical extent is 

typically a river basin. The data is separated into Current Accounts and any number of alternative 

scenarios. An area is sometimes referred to as a "data set." 

A study area can be a set of demand sites defined by political or geographic boundaries. It can also be 

defined as a specific water supply system such as a river basin or a groundwater aquifer. In one case, the 

point of focus will be the demand sites, while in another, it will be the water supplies in a region of 

interest. In yet other cases, it may be necessary to conceive of both a set of demand sites and the specific 

river system together as the study area. Study area boundaries could be somewhat more flexible than the 

rigid definition of the hydrologic boundaries in order to include the adjacent demand areas served by 

water supplies from within the hydrologic supply system, or possibilities of importing or exporting water 

from or to sites outside the study area. 

Whichever you choose, ultimately the study area in WEAP will contain a distinct set of information and 

assumptions about a system of linked demands and supplies. Several different study areas as defined in 

WEAP could actually be used to represent the same geographic area or watershed, each under alternative 

configurations or different sets of demand data or operating assumptions. In this way, study areas can be 

thought of as representing separate databases where different sets of water supply and demand data are 

stored, managed and analyzed. 

To begin your analysis, you will first create a new area. To do so, choose Area, New Area... from the 

Main Menu. When creating a new area, you can begin with a copy of an existing area or start fresh with a 

blank area. If starting from a blank area, you will be prompted to Set Area Boundaries. 

Another way to create an area as a copy of an existing area is from the Main Menu: Area, Save As....  

See also: Manage Areas  

3.1.2   Set Area Boundaries   

Here you can change the geographical extent of your study area. The Set Area Boundaries dialog shows 

an inset schematic on the lower left, which controls what is shown on the main schematic on the right. 

The main schematic has a green box that indicates the current area boundaries. To change, click and drag 

on the main schematic to specify the new boundaries. 

Menu Option: Schematic: Set Area Boundaries  



Chapter 3: Setting Up Your Analysis 

16 

3.2  Schematic  

The Schematic View is the starting point for all activities in WEAP. A central feature of WEAP is its 

easy-to-use "drag and drop" graphical interface used to describe and visualize the physical features of the 

water supply and demand system. This spatial layout is called the schematic. You can create, edit and 

view it in the Schematic View. GIS layers can be added to add clarity and impact.  

3.2.1  Screen Layout  

 WEAP Legend  

The legend, shown in the upper left corner of the Schematic View, lists the symbols used to represent 

each type of WEAP component. The checkbox next to each symbol can be used to hide or show all 

elements of that type on the schematic. To create a new element, simply click on its symbol in the legend 

and drag to the schematic on the right.  

 Background Maps  

You may display GIS layers as overlays or backgrounds on your WEAP Schematic. These background 

maps are listed on the left side of the Schematic View, below the legend. The checkbox next to each layer 

can be used to hide or show it on the schematic. 

To add a layer, right click on the list of background layers and choose Add Vector Layer (e.g. ArcView 

Shape files: *.shp) or Add Raster Layer (e.g. ArcView GRID or GeoTIFF). This menu also allows you 

to edit, delete, set labels or reorder the background maps. For instance, to view or edit the attribute data 

associated with a GIS layer, right-click on the layer name, then select Edit to go to the Map Layer 

window (shortcut: double click on the layer name to edit).  On the Map Layer  window that appears, click 

on an element in the map to see its data (displayed in the table to the left of the map).  In Split or Table 

view, click the Edit button (below the map) to be able to edit the attribute values. 

Vector layers display geographic features using discrete X-Y locations. Lines are constructed from strings 

of points, and polygons (regions) are built from lines which close. Vector methods are sometimes 

contrasted with raster techniques which record geographic features within a matrix of grid cells. A raster 

display builds an image from pixels, pels, or elements of coarse or fine resolution, from centimeters to 

kilometers. Many satellites, like Landsat, transmit raster images of the earth's surface.  

 Inset Schematic  

On the left side of the Schematic View, below the list of background maps, you will find the inset 

schematic. This small schematic always shows your complete area, and may be used to zoom in and out 

of the display on the main schematic. The area currently shown in the main schematic is indicated by a 

red box on the inset schematic. Click and drag on the inset schematic to change what is shown on the 

main schematic. You can also move the zoom bar (below the inset schematic) or use the mouse wheel to 

zoom in or out on the main schematic.  
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 Main Schematic  

The large area on the right side of the Schematic View shows the Main Schematic. It is here that you will 

create and edit the schematic. Click and drag a symbol from the WEAP legend on the left and drop it on 

the main schematic on the right to create a new object. You can also click and drag an object on the main 

schematic to move it. Right click an object on the main schematic to edit general properties or data, view 

results, delete, or to move the label. These actions are described in more detail below. 

The schematic has scroll bars for moving side to side. You may also hold down the Shift key and click 

and drag on the schematic to pan. To zoom in, hold down the Ctrl  key and click and drag to define a 

region to zoom in to. 

The schematic also provides you with one-click access to your entire analysis. Right click on any element 

in the Main Schematic, and choose the data variable to edit under Edit Data, or the result table to view 

under View Results. In the example at the right, the user is about to edit Water Use Rate data for the 

demand site Industry North.  

 

3.2.2  Elements of a WEAP Schematic  

A node represents a physical component such as a demand site, wastewater treatment plant, groundwater 

aquifer, reservoir or special location along a river. Nodes are linked by lines that represent the natural or 

man-made water conduits such as river channels, canals and pipelines. These lines include rivers, 

diversions, transmission links and return flow links. A river reach is defined as the section of a river or 

diversion between two river nodes, or following the last river node. WEAP refers to a reach by the node 

above it. 

Each node (except demand sites and tributary nodes) may have a startup year, before which it is not 

active. With this feature you can include nodes in the analysis that may be built after the Current 

Accounts Year, or selectively exclude nodes from some scenarios. To exclude a node from a scenario 
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entirely, set it to be not active in the Current Accounts, and then enter 0 for the startup year. WEAP will 

ignore any nodes (not active in the Current Accounts) with startup year equal to 0. 

To capture the features of most water systems, different types of components (or nodes) are incorporated 

in WEAP. Below we present detailed descriptions of each type of component. In Calculation Algorithms 

we present the set of rules defining system water allocation and storage in successive time periods.  

 Demand Sites  

A demand site is best defined as a set of water users that share a physical distribution system, that are all 

within a defined region, or that share an important withdrawal supply point. You also must decide 

whether to lump demands together into aggregate demand sites (e.g., counties) or to separate key water 

uses into individual demand sites. The level of aggregation generally is determined by the level of detail 

of water use data available. Demand data may not be available for individual sites, but may only be 

available for a larger unit such as a city or county. In addition to data, your definition of demand sites may 

also depend on the level of detail desired for your analysis. 

When defining demand sites, it is useful to inventory the actual physical infrastructure, such as pumping 

stations, withdrawal facilities, wastewater treatment plants and well fields. You should think carefully 

about the configuration of the entire demand and supply system, including the links between supplies and 

demands. You should also take into consideration the details of the water accounting picture you wish to 

present, any key water uses, and any key supply sources and river points that need to be tracked, 

described and evaluated. You might want to define demand sites according to the following groupings: 

¶ major cities or counties 

¶ individual user which manages a surface or groundwater withdrawal point, such as an industrial 

facility 

¶ irrigation districts 

¶ demands which return to a unique wastewater treatment plant 

¶ water utilities 

Each demand site needs a transmission link from its source, and where applicable, a return link either 

directly to a river, wastewater treatment plant or other location. The demand site cannot be placed directly 

on the river. The user-defined priority system determines the order of allocations to demand sites.  

 Catchments  

A catchment is a user-defined area within the schematic in which you can specify processes such as 

precipitation, evapotranspiration, runoff, irrigation and yields on agricultural and non-agricultural land. 

When you create a catchment in the schematic, a window pops up in which you can select a number of 

options which will apply for this catchment. In addition to requesting whether the runoff from the 

catchment will contribute headflow to a river, this box also asks whether irrigation will occur in the 

catchment (and if so, the demand priority). If irrigation is selected for a catchment, the user will be 

required to create transmission links from a supply to the catchment for the irrigation water and to input 

additional variables that parameterize the irrigation activity. 

For a catchment, the user can choose one of three different methods to compute water use (both rainfed 

and irrigated), runoff and infiltration from agricultural and other land cover. 
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The FAO Crop Requirements (either rainfed or irrigated) method focuses on crop growth, and assumes 

simplified hydrological and agri-hydrological processes (non-agricultural crops can be included as well). 

Runoff from these processes can be diverted back to a river or to a groundwater node. 

The Soil Moisture method includes a one dimensional, 2-compartment (or "bucket") soil moisture 

accounting scheme for calculating evapotranspiration, surface runoff, sub-surface runoff (i.e., interflow), 

and deep percolation for a watershed unit. This method allows for the characterization of land use and/or 

soil type impacts to these processes. The deep percolation within the watershed unit can be transmitted to 

a surface water body as baseflow or directly to groundwater storage if the appropriate link is made 

between the catchment node and a groundwater node. If the latter link is made, the method essentially 

becomes a 1-compartment model, where the runoff from the upper compartment is divided among runoff 

to the river and infiltration directly to groundwater.  

 Rivers, Diversions and River Nodes  

Both rivers and diversions in WEAP are made up of river nodes connected by river reaches. Other rivers 

may flow in (tributaries) or out (diversions) of a river. There are seven types of river nodes: 

¶ Reservoir nodes, which represent reservoir sites on a river. A river reservoir node can release 

water directly to demand sites or for use downstream, and can be used to simulate hydropower 

generation. 

¶ Run-of-river  hydropower nodes, which define points on which run-of-river hydropower stations 

are located. Run-of-river stations generate hydropower based on varying streamflows but a fixed 

water head in the river. 

¶ flow requirement nodes, which defines the minimum instream flow required at a point on a river 

or diversion to meet water quality, fish & wildlife, navigation, recreation, downstream or other 

requirements. 

¶ Withdrawal  nodes, which represent points where any number of demand sites receive water 

directly from a river. 

¶ Diversion nodes, which divert water from a river or other diversion into a canal or pipeline called 

a diversion. This diversion is itself, like a river, composed of a series of reservoir, run-of-river 

hydropower, flow requirement, withdrawal, diversion, tributary and return flow nodes. 

¶ Tributary  nodes define points where one river joins another. The inflow from a tributary node is 

the outflow from the tributary river. 

¶ Return flow nodes, which represent return flows from demand sites and wastewater treatment 

plants. (You may actually have return flows enter the river at any type of river node: reservoir, 

run-of-river, tributary, diversion, flow requirement, withdrawal, or return flow node.) 

¶ Streamflow gauges, which are placed on river reaches and represent points where actual 

streamflow measurements have been acquired and can be used as points of comparison to 

simulated flows in the river. Streamflow data is typically added using the ReadFromFile function. 

In results, look at Supply and Resources, River, Streamflow Relative to Gauge to view the report 

comparing actual and simulated streamflow.  
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 Groundwater  

Groundwater nodes can have natural inflow, infiltration from Catchments, demand site and wastewater 

treatment plant returns, inflows from transmission and return flow link leakage, river interactions and 

storage capability between months. 

A groundwater supply node can be linked to any number of demand sites. The user must assign a 

preference to each link to order withdrawals. Demand site and wastewater treatment plant return flows 

can be returned to groundwater sources.  

 Non-River  Supplies  

A local reservoir source can have predetermined monthly inflows, receive runoff from catchments, and 

demand site and wastewater treatment plant returns, can have storage capability between months and 

hydropower generation capability. In contrast to river reservoir nodes, they are managed independently of 

any river system. 

" Other"  sources have predetermined water quantities available on a monthly basis, but with no storage 

capability between months (e.g., streams or other unconnected rivers, inter-basin transfers or other 

imports, and desalination plants. 

Local reservoirs and other sources can be linked to any number of demand sites. The user must assign a 

preference to each link to order withdrawals. Demand site and wastewater treatment plant return flows 

can be returned to local reservoir sources, but since "other" sources do not have storage capability, WEAP 

does not capture the water returned to them.  

 Transmission Links  

Transmission links deliver water from surface water (reservoir nodes, and withdrawal nodes), 

groundwater and other supplies to satisfy final demand at demand sites. In addition, transmission links 

can deliver wastewater outflows from demand sites and wastewater treatment plants to other demand sites 

for reuse. WEAP uses two user-defined systems to determine the water allocation along each transmission 

link in each month, as described in Priorities for Water Allocation.  

 Runoff/Infiltration Links  

Runoff/infiltration links carry runoff and infiltration from catchments to rivers, reservoirs, and 

groundwater nodes. Catchment runoff and infiltration is water from precipitation, snow melt, irrigation 

and soil moisture storage that is not consumed by evapotranspiration or losses to increased soil moisture. 

Catchment Runoff can also be designated as runoff as the headflow to a river--this option can be selected 

in the window that opens when the catchment runoff link is created.  

 Return Flow Links  

Water that is not consumed at a demand site can be directed to one or more demand sites, wastewater 

treatment plants, surface or groundwater nodes. Return flows are specified as a percentage of outflow. 

Wastewater treatment plant return flow can be directed to one or more demand sites, river nodes or local 

supply sources. Like demand site return flows, they are specified as a percentage of outflow.  
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 Wastewater Treatment Plants  

Wastewater treatment plants receive water from demand sites, remove pollutants, and then return treated 

effluent to one or more demand sites, river nodes or local supply sources. A wastewater treatment plant 

can receive wastewater from multiple demand sites.  

 Priorities for Water Allocation  

Two user-defined priority systems are used to determine allocations from supplies to demand sites and 

catchments (for irrigation), for instream flow requirements, and for filling reservoirs and generating 

hydropower. 

Competing demand sites and catchments, reservoir filling and hydropower generation, and flow 

requirements are allocated water according to their demand priorities. The demand priority is attached to 

the demand site, catchment, reservoir (priority for filling or hydropower), or flow requirement, and can be 

changed by right clicking on it and selecting General Info. Priorities can range from 1 to 99, with 1 being 

the highest priority and 99 the lowest. Reservoir filling priorities default to 99, meaning that they will fill 

only if water remains after satisfying all other higher priority demands. (Hydropower priorities for 

individual reservoirs are set in the Data View under Reservoir, Hydropower. To set a system hydropower 

priority, go to the Supply and Resources branch in the Data View.)  Many demand sites can share the 

same priority. These priorities are useful in representing a system of water rights, and are also important 

during a water shortage, in which case higher priorities are satisfied as fully as possible before lower 

priorities are considered. If priorities are the same, shortages will be equally shared. Typically, you would 

assign the highest priorities (lowest priority number) to critical demands that must be satisfied during a 

shortfall, such as a municipal water supply. You may change the priorities over time or from one scenario 

to another. 

If a demand site or catchment is connected to more than one supply source, you may rank its choices for 

supply with supply preferences. The supply preferences are attached to transmission links, and can be 

changed by right clicking on a link in the Schematic View and selecting General Info, or Edit Data, 

Supply Preference. 

Using the demand priorities and supply preferences, WEAP determines the allocation order to follow 

when allocating the water. The allocation order represents the actual calculation order used by WEAP for 

allocating water. All transmission links and instream flow requirements with the same allocation order are 

handled at the same time. For example, flows through transmission links with allocation order 1 are 

computed, while temporarily holding the flows in other transmission links (with higher allocation order 

numbers) at zero flow. Then, after order 1 flows have been determined, compute flows in links with 

allocation order 2, while temporarily setting to zero flows in links ordered 3 and higher. 

In general, if a source is connected to many demand sites with the same demand priority, WEAP attempts 

to allocate these flows simultaneously, regardless of the supply preferences on the links. For example, 

demand site DS1 is connected to both a river and a groundwater source, with preference for the 

groundwater, while demand site DS2 is only connected to the river. Both demand sites have the same 

demand priority. The allocation orders would be 1 for DS1's link to the groundwater, and 2 for both 

demand sites' links to the river. In calculations, first DS1 is allocated water from groundwater, and then 

both DS1 and DS2 are allocated water from the river. In this way, both demand sites have an equal 

chance to receive water from the river in the case of a water shortage. Note: in some unusual 

configurations, the supply preferences may be inconsistent with this rule. In those cases, a supply 

preference of 1 is used for all demand sites. 
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You may switch among viewing demand priorities, supply preferences or allocation orders on the 

schematic: from the Main Menu, select Schematic, Change Priority View. 

Tip : If WEAP is not allocating water as you would expect, change the priority view on the Schematic to 

"Allocation Order" to make sure that it is allocating in the order you intend.  

3.2.3  Creating and Editing WEAP Elements  

 Creating  

To create a new node (demand site, groundwater node, river node, wastewater treatment plant or flow 

requirement), merely click on the node's symbol in the WEAP legend and drag it anywhere inside the 

main schematic. To create a new river or diversion, click on the symbol (a line segment) in the legend 

and drag onto the main schematic, then release the mouse button to specify the headflow. Next, single 

click once for each intermediate point on the river, then double click to specify the endpoint of the river, 

as modeled in this particular system. 

When you create a node or river, you will be prompted to enter the object's Name, a Schematic Label 

(used only for display on the schematic), and whether or not it is Active in the Current Accounts. The 

label can be displayed as multi-line text--use semicolons to indicate line breaks. The label will be 

displayed below the object. However, you can move the label anywhere you want to enhance the 

legibility of the Schematic. Right click on the object and choose the Move Label option. When you create 

a demand site or flow requirement, you will be prompted to enter its Demand Priority. 

A river consists of a headflow point, an endpoint, and zero or more points in between. You may add as 

many bends in the river as you wish, to more closely approximate the actual shape of the river. To add a 

new bend in the river, just click on any straight section of the river and drag to create a bend. 

To add a new transmission (i.e., withdrawal) or return link, click on the symbol (a line segment) in the 

legend for the desired type of link and drag onto the main schematic, releasing the mouse button on the 

node or river where the link originates. Next, single click once for each intermediate point on the link, 

then double click on the destination node. You will be prompted to enter the demand site's supply 

preference for the supply connected to this transmission link. 

For instance, to create a transmission link from a local reservoir to a demand site, click on the 

transmission link symbol in the legend, drag it to the local reservoir and release, then double click on the 

demand site. To later add new bends in the link, just click on any straight section of the link and drag to 

create a bend. 

River withdrawal nodes will automatically appear if you start a transmission link from a previously 

unused place along the river. Similarly, a return flow node will automatically appear if you end a return 

flow link on a previously unused place along the river, and a catchment inflow node will automatically 

appear if you end a runoff/infiltration link on a previously unused place along the river 

Catchment Runoff Links are created in a similar way; drag the symbol from the legend first to the 

particular Catchment, single click, then double click on the river or groundwater node where the 

Catchment Runoff is to be directed. If you position the Catchment Runoff anywhere above the first node 

of a river, the dialog box that appears will ask if you wish this runoff to represent headflow to the river. If 

you do select the Catchment Runoff as headflow to the river, the Headflow variable for that river will be 

set/locked to "Inflow from Catchment" in the Data view. No other sources of headflow can be input for 

that river using the direct input methods (for example, the Read from File method). This is in contrast to 

groundwater nodes, where sources of inflow in addition to Catchment Runoff can be input from Read 

from File or Expressions.  
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 Moving  

To move an existing node in the schematic, merely click and drag the object to its new location. When 

you move a river node, the river underneath the node will not move with the node. For instructions on 

moving a river node along with the river underneath, see Moving Multiple Elements at Once below. 

You may move a node from one river to another. Because reservoirs can exist both on (river reservoir) or 

off (local reservoir) a river, you may move a river reservoir off of a river, or a local reservoir onto a river. 

Moving Multiple Elements at Once 

For convenience, there is a way to move more than one object at a time. To select multiple objects, hold 

down the Alt key as you click and drag on the main schematic to draw a grouping box around the 

intended objects. After a moment, a red box will appear. Click inside this red box and drag to move all 

objects, including river points.  

 Deleting  

To delete any object (node, link, river point), simply right click on it and select Delete. You will be 

prompted for confirmation before the object is deleted (except for river points). Transmission and return 

flow links to the deleted object will also be deleted. If you delete a river, all its river nodes will also be 

deleted.  

 Edit General Info  

To edit information associated with a node, link or river (name, schematic label, active in Current 

Accounts, demand priority, supply preference), right click on the object and choose the General Info 

option. A dialog will pop up with the relevant information.  

 Connecting and Disconnecting Rivers and Diversions  

To have one river flow into another (a tributary), move the endpoint from the first river onto a previously 

unused place along the second river. A tributary node will appear, connecting the two rivers. To 

disconnect a tributary, right click on it and choose Disconnect Endpoint. 

To have one river flow out of another (a diversion), move the headflow point from the first river onto a 

previously unused place along the second river. A diversion node will appear, connecting the two rivers. 

To disconnect a diversion, right click on it and choose Disconnect Headflow. 

To have a river flow into a groundwater node, move the endpoint from river onto the groundwater node. 

This will cause all water flowing out of the last reach on the river to flow into the groundwater node.  

 Catchment Setup  

When a catchment node is created in a schematic, a window appears in which the user is required to select 

a number of options appropriate for the catchment. In addition to the name and label for the catchment, 

the user must select a river to which runoff from the catchment will be directed. One and only one river 

can be selected to direct runoff to for each catchment. 
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Once a river is selected, the text "Represents Headflow?" and associated toggle box will appear out of 

shadow, and the user can click this box if the runoff is to represent headflow to this river. The user can 

also choose a groundwater node to direct infiltration from the catchment to--selecting a groundwater node 

for infiltration, unlike runoff, is not required, though. Selecting a groundwater node to which to direct 

infilt ration will modify the Soil Moisture model from that of a two soil layer formulation to one layer (see 

Overview of Catchment Calculation Methods). 

Finally, if the catchment is to include irrigated areas, click on the box associated with "Includes Irrigated 

Areas?". If this box is clicked, a box requesting input of the Demand Priority will appear. Only if this box 

is selected will the window associated with inputting irrigation variables (such as irrigated fraction) 

appear for that catchment in the Data view. 

The catchment node will then appear in the schematic view, along with an associated Runoff/Infiltration 

Link that connects the node to the indicated river and, if appropriate, to a groundwater node. If the 

catchment runoff was selected to represent headflow to the river, the link will terminate at the first node 

of the river. 

Automatically created Runoff/Infiltration Links that do not represent headflow to the river can be moved 

to another location along the river if desired. If you try to move a Runoff/Infiltration Link that does 

represent headflow to a river, a dialog box will appear asking if you no longer want this catchment inflow 

to represent headflow to that river. 

Runoff/Infiltration Links can also be created manually by using the drag-and-drop feature. The 

appropriate details for link will be set accordingly (in General Info). 

When you go to the Data view and select, for the first time, from the data tree the created catchment, a 

dialog box will automatically appear requesting that you select the desired catchment simulation method 

(such as Rainfall Runoff, Irrigation Demand Only, or Soil Moisture Methods--see Overview of 

Catchment Calculation Methods).  

 Viewing Changes History  

A record of every change made to a WEAP area is logged in the text file "Changes.txt," which is stored in 

the subdirectory for a WEAP area. Each change is tagged with the date and time of the change, as well as 

who made it.  

3.2.4  Schematic Options  

 Set Area Boundaries   

Here you can change the geographical extent of your study area. The Set Area Boundaries dialog shows 

an inset schematic on the lower left, which controls what is shown on the main schematic on the right. 

The main schematic has a green box that indicates the current area boundaries. To change, click and drag 

on the main schematic to specify the new boundaries. 

Menu Option: Schematic: Set Area Boundaries  

 Set WEAP Node and Label Size  

You may change the size of the WEAP symbols and labels. These options are available either from the 

General menu or by right clicking on the WEAP Legend. The dialog has a slider bar to make the nodes 

or labels either larger or smaller. 
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Menu Option: Schematic: Set WEAP Node Size or Set WEAP Node Label Size  

 Priority Views  

You may view demand priorities (for demand sites, flow requirements and reservoirs), supply preferences 

(for transmission links) or allocation orders (for transmission links and flow requirements) on the 

schematic. See Priorities for Water Allocation for more information. 

Menu Option: Schematic: Change Priority View  

 Show or Hide by Element Type  

In some cases, you may wish to temporarily hide certain types of objects from display, such as all demand 

sites or wastewater treatment plants. Uncheck the box on the WEAP legend next to the type you want to 

hide. You may hide all objects at once: choose the Hide All WEAP Objects option from the General 

menu or from the right-click menu on the WEAP legend. Once some or all WEAP objects are hidden, an 

option to Show All WEAP Objects will be available.  

 Printing a Schematic  

A schematic can be saved or printed as a graphic. You can copy the schematic to the Windows clipboard 

for pasting into Word or other applications. In the Schematic View, go to the main menu and select: 

Schematic, Copy Schematic to Clipboard. You will be asked to choose the level of detail to include--as 

you move the slider bar, WEAP will tell you how large the graphic will be, both in pixels (width and 

height) and megabytes. More detail will yield a sharper image, but files will be much larger.  

3.3  General Area Parameters  

3.3.1   Years and Time Steps  

Time Horizon  

Enter the Current Accounts Year and Last Year of Scenarios. WEAP performs a monthly analysis 

from the first month of the Current Accounts Year through the last month of the Last Year. The Current 

Accounts Year is usually the most recent year for which reasonably reliable and complete data are 

available and from which future demand projections can be made. The Current Accounts year data 

comprise the Current Accounts, which all scenarios use as the basis for their projections. 

Time Steps per Year  

The time step can be set anywhere from one day to 365 days. Each year and scenario in an area must have 

the same time step.   

Checking Add Leap Days? will add an extra day in leap years (e.g., 2000, 2004, 2008) to the timestep 

that includes February 28 (e.g., the February timestep in a monthly analysis).  For daily models there will 

be 366 time steps in leap years, 365 time steps in all other years.  This would be useful if you have 

datasets, such as river streamflow gauges, that include data for leap days. 
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Time Step Boundary  

The user has the option to have time steps be based on (a) the calendar year, (b) all time steps are equal, 

or (c) the time step lengths are entered manually. 

Water Year St art  

Any particular time step (for example, a particular month) can be designated as the starting point for the 

"Water Year." 

Time Step Names  

In the grid on the right, the user can change the title and abbreviation of the time steps. If the Time Step 

Boundary is set to "Set time step length manually," the length can be set in the grid. 

Menu Option: General: Years and Time Steps  

3.3.2   Units   

Here you choose the units for data entry. The units can be set for the following components: Rivers, 

Reservoirs, Groundwater, Other Supplies, Land Use, Wastewater Treatment, and Monetary. The 

exception is the Default Water Use Rate set on the Demand tab. The Default Water Use Rate you set 

will be the default data entry unit, but you will be able to change the units individually for each branch. 

Also, the system Discount Rate is entered on the Monetary tab. 

Units Definition  

Regardless of the unit used for data entry, you can view results in any units. User-defined units can be 

added by clicking on the Units Definition button. 

Menu Option: General: Units  

3.3.3  Water Quality Constituents  

 Water Quality Constituents   

WEAP tracks water quality, including pollution generation at demand sites, waste removal at wastewater 

treatment plants, effluent flows to surface and groundwater sources, and water quality modeling in rivers. 

On the water quality constituents setup screen, turn on water quality modeling by checking the Enable 

water quality modeling checkbox. You may then define up to 20 constituents to track in your 

application. Set the scale and load unit as appropriate for entering the annual production of the pollutant 

by the demand site, per unit of activity. Set the concentration unit appropriate for entering data on 

concentrations of constituents in demand site outflows, and in headflows, reservoir outflows and 

groundwater outflows. 

For each constituent, specify which method WEAP should use to calculate surface water quality 

concentrations, in the Calculate By column: 
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Conservative: There is no decay of this constituent--the instream concentration will be computed using 

simple mixing and weighted average of the concentration from all inflows. 

First -Order Decay: This constituent decays following an exponential decay function. Enter the daily 

decay rate here. 

BOD: WEAP will use its built-in BOD model to simulate the changes in the biochemical oxygen demand 

(BOD) in the river. In order to model BOD, you will need to include temperature as one of your water 

quality constituents (with unit = Celsius), and either enter as data the temperature of water in the river for 

each reach, or model it in WEAP. 

DO: WEAP will use its built-in DO model to simulate the changes in dissolved oxygen (DO) in the river. 

Because the DO model uses BOD as an input, you will also need to simulate BOD. 

For temperature values (required by WEAP to implement the BOD and DO modeling), one can choose 

from either of two methods: 

Temperature (Modeled in WEAP): WEAP will calculate water temperature for each river reach based 

on climate data (air temperature, humidity, wind, and latitude) input in the Data view (under the Climate 

tab for the reach). 

Temperature (Data): the user specifies the water temperature for each reach. If this option is selected 

and temperature for a particular reach is left blank, WEAP will assign to that reach the temperature of the 

immediate upstream reach. Water temperature is needed by the BOD model. 

Modeled in QUAL2K : Link to the US EPA water quality model QUAL2K and let it model water quality 

for some or all water quality constituents. See below for details.  

Menu Option: General: Water Quality Constituents  

 Linking to QUAL2K   

QUAL2K is a 1-dimensional, steady state, instream water quality model for well mixed channels 

(laterally and vertically). Constituents modeled include: ammonia, nitrate, organic and inorganic 

phosphorous, algae, sediment, pH and pathogens. QUAL2K was developed by Dr. Steve Chapra and his 

grad students at Tufts University.  

To model a WEAP constituent using QUAL2K, choose "Modeled in QUAL2K" in the Calculate By 

column. If you want to model any constituents in QUAL2K, you must also model water temperature in 

QUAL2K. QUAL2K will calculate water temperature for each river reach based on WEAP climate data 

(air temperature, dew point, wind speed, and cloud cover and shade fractions) input in the Data view 

(under the Climate tab for the reach). For each constituent that will be modeled in QUAL2K, choose the 

corresponding QUAL2K constituent in the Link to QUAL2K Constituent  column. Note: you can 

choose to model just a subset of your constituents in QUAL2K, with the others modeled in WEAP. 

QUAL2K has many parameters and options, too many to include in WEAP. Therefore, you will need to 

first create a QUAL2K data file (.q2k) with the appropriate parameters. Use the Excel file QUAL2K.xls 

in the WEAP directory to create and edit QUAL2K data files. Put that .q2k input file into the WEAP 

area's subdirectory and select it using the .q2k data file drop down in the lower left of the Water Quality 

Constituents window. Alternatively, choose < Copy file from another directory > from the drop down to 

copy the .q2k file from another directory. 

If the QUAL2K data file (.q2k) includes more than one river, you will need to match the rivers in the 

QUAL2K data file with those in WEAP. Click the "Link WEAP Rivers to QUAL2K Rivers" button 

below the .q2k data file drop down (the button will only appear if the .q2k file has multiple rivers). Note: 

you do not need to model all WEAP rivers in QUAL2K--you may choose to model some and not others. 
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When WEAP calculates, it will read in the specified .q2k data file, add to it the data specified in WEAP 

(headflows, point and diffuse sources of water and pollution, climate data), write the new .q2k file and 

run QUAL2K. Because QUAL2K provides for more detailed water quality modeling than is available in 

WEAP, you may want to take the .q2k file created by WEAP and examine, modify and run it yourself in 

the QUAL2K Excel interface. To do so, check the Save every .q2k file created (for each time step) 

checkbox, and specify Where to save each .q2k file. After WEAP calculates, you will find a new .q2k 

file in this directory for every scenario and time step (e.g., for a monthly time step over 20 years for 4 

scenarios, there will be 960 .q2k files created). Each .q2k file occupies about 20K of disk space. You may 

then load any of these files yourself in QUAL2K and change data (e.g., add diurnal variation to climate 

data) and view results in the many graphs available in the QUAL2K Excel interface. 

See QUAL2K Overview for more information about QUAL2K, and Running QUAL2K in the 

Calculation Algorithms section for more information about the linkage from WEAP.  

3.3.4   Basic Parameters  

The user can choose whether all the branches within a demand site will have the same monthly variation 

in demand, or whether each branch can have a different monthly variation. 

Separately, the user can choose whether all land use branches within a catchment will have the same 

climate data (Soil Moisture Method Climate, FAO Climate or MABIA Climate), or whether each branch 

can have different climate data. This second option might be necessary if there is a large variation in the 

elevation among different land uses within a catchment. Alternatively, the catchment could be divided 

into several different catchment nodes according to elevation, so that the climate within each catchment 

did not vary by land use. 

Before December 2010, WEAP incorrectly used the Latent Heat of Vaporization (2260 kJ/kg, at 100 C) 

instead of the Latent Heat of Fusion (334 kJ/kg) for calculating snow melt in the soil moisture method. 

 Although we recommend that you use Latent Heat of Fusion, if you have a previously calibrated model 

that used Latent Heat of Vaporization, you might want to use that setting instead. 

If you have linked your WEAP model to a MODFLOW model, you can choose whether all land use 

branches within a catchment will pump from the same MODFLOW layer or set of layers (see the Pump 

Layer variable under Soil Moisture Method Irrigation or FAO Irrigation), or whether each land use branch 

can pump from a different layer or set of layers. 

Menu Option: General: Basic Parameters  

3.4  Advanced  

3.4.1   MODFLOW Link   

Note: linking WEAP to MODFLOW is an advanced feature. 

For situations where the built-in WEAP groundwater model is not sufficiently complex, there is the 

option to link a WEAP model to a MODFLOW model. MODFLOW is a three-dimensional finite-

difference groundwater model created by the U.S. Geological Survey (USGS). When properly linked, 

data and results flow back and forth between WEAP and MODFLOW for each calculation timestep. With 

this tight coupling between the models, it is possible to study how changes in local groundwater levels 

affect the overall system (e.g., groundwater-stream interactions, pumping problems due to drawdown, 

lateral groundwater recharge) and vice versa (e.g., infiltration and abstraction). However, be advised that 

building and calibrating a MODFLOW model is not a trivial task, and the linkage to WEAP requires 
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creating a GIS shape file to connect the WEAP elements to the MODFLOW cells. The version of 

MODFLOW that WEAP is designed to link to is MODFLOW 2000. 

For more information, please see the Appendix on linking WEAP to MODFLOW.  

3.4.2   MODPATH Link   

Note: linking WEAP to MODPATH is an advanced feature. 

MODPATH is a groundwater particle tracking post-processing package that was developed to compute 

three-dimensional flow paths using output from steady-state or transient groundwater flow simulations by 

MODFLOW, the U. S. Geological Survey (USGS) finite-difference groundwater flow model.  Its purpose 

is to evaluate advective transport through a model.  MODPATH uses a semi-analytical particle tracking 

scheme that allows an analytical expression of the particleôs flow path to be obtained within each finite-

difference grid cell. Particle paths are computed by tracking particles from one cell to the next until the 

particle reaches a boundary, an internal sink/source, or satisfies some other termination criterion.  The 

version of MODPATH that WEAP is designed to link to is MODPATH 5.0. 

For more information, please see the Appendix on linking WEAP to MODPATH.  
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4  Data  

4.1  Data View  

 

In the Data View you build the model of your system, entering the data structures, data, assumptions, 

modeling relationships and documentation for the Current Accounts and for each scenario. The screen is 

divided into four panes (marked by red boxes in figure below): 

 

4.1.1  Tree  

On the top left, a hierarchical tree is used to create and organize data structures under six major 

categories: Key Assumptions, Demand Sites, Hydrology, Supply and Resources, Environment, and Other 

Assumptions. The tree is also used to select the data to be edited, which is shown on the right of the 

screen. For example, clicking on the "Demand Sites" tree branch on the left of the screen will display the 

data for all demand sites on the right of the screen. Note that when you click on a tree branch, the 

associated object in the schematic will flash on the map. See Tree Overview for more information. 

4.1.2  Inset Schematic  

A small schematic of your area is located on the bottom left. When you click on an element, it will be 

highlighted in the tree (above) and its data will be displayed in the data entry tables to the right. 
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Conversely, when you click on a branch in the tree, the associated element on the Schematic will flash 

briefly. Move the zoom bar (below the schematic) to zoom in or out. Alternatively, hold down the Ctrl  

key and click and drag to define a region to zoom in to. Hold down the Shift key and click and drag on 

the schematic to pan. When the mouse cursor is positioned over the inset schematic, rotating the mouse 

wheel will zoom in or out. 

4.1.3  Data Entry Tables  

The data entry tables on the top right are used to enter expressions that define Current Accounts and 

Scenario values of variables. Each data variable appears on its own tab; related variables are grouped into 

categories (selected via buttons). Above the data entry tables is a set of buttons giving access to the 

different variable categories associated with each branch. The buttons and tabs you see will vary 

depending on what part of the data set you are working on. For example, when editing demand sites you 

will see buttons giving access to "Water Use," "Loss and Reuse," "Demand Management," "Cost," 

"Priority," and "Advanced," while for reservoirs you will see buttons for "Physical," "Operation," 

"Hydropower," "Water Quality," "Cost," and "Priority." Click on one of these buttons to see the variables 

in that category. For example, "Water Use" has three variables: "Annual Activity Level," "Annual Water 

Use Rate," and "Monthly Variation." There are wizards to help you construct the expressions--see 

Expression Builder, Yearly Time-Series Wizard and Monthly Time-Series Wizard. There is a "Help" 

button next to the description of each variable that can be clicked on to retrieve more information about 

that variable. 

Immediately above the data entry tables is a toolbar containing a selection box and the Manage Scenarios 

button. Use the selection box to choose which data to edit--Current Accounts or one of the Scenarios. 

Click on Manage Scenarios to create, rename or delete scenarios, or to change their inheritance 

relationships. 

4.1.4  Data Entry Results and Notes  

The bottom right pane displays the data you entered in the top pane as either a chart or a table. These let 

you quickly examine the values generated by the expressions you have entered above. A toolbar on the 

right of the pane gives access to a range of options for formatting charts and tables (e.g. picking chart type 

and stacking options, colors, 3D effects, grids, number of decimal places, etc.) and for printing and 

copying charts and tables and exporting tables to Microsoft Excel. 

The bottom pane also gives access to a notes screen: a word processing tool in which you can enter 

documentation and references for each branch of the tree. To edit the notes, right-click and select Edit to 

display the notes in a larger window, which includes a basic set of word processing controls. Notes can 

include formatting (bold, underline, fonts, etc.) and can also include standard Windows "objects" such as 

spreadsheets. 

You may resize each of these four panels by dragging the dividing bars between them. 

A record of all changes made to data in the order the changes were made are recorded in the text file 

Changes.txt (stored in the subdirectory for a WEAP area). Users enter their initials upon logging in when 

WEAP starts so that any changes can be catalogued in this file and attributed to a specific user. 

See also: View Bar  
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4.2   Current Accounts  

The Current Accounts represent the basic definition of the water system as it currently exists. Establishing 

Current Accounts requires the user to "calibrate" the system data and assumptions to a point that 

accurately reflects the observed operation of the system. The Current Accounts are also assumed to be the 

starting year for all scenarios. Note that the Current Accounts Year is not meant to be an "average" year, 

but the best available estimate of the current system in the present. The Current Accounts include the 

specification of supply and demand data (including definitions of reservoirs, pipelines, treatment plants, 

pollution generation, etc.) for the first year of the study on a monthly basis.  

4.3  Scenarios  

At the heart of WEAP is the concept of scenario analysis. Scenarios are self-consistent story-lines of how 

a future system might evolve over time in a particular socio-economic setting and under a particular set of 

policy and technology conditions. Using WEAP, scenarios can be built and then compared to assess their 

water requirements, costs and environmental impacts. All scenarios start from a common year, for which 

you establish your Current Accounts data. 

The scenarios can address a broad range of "what if" questions, such as: What if population growth and 

economic development patterns change? What if reservoir operating rules are altered? What if 

groundwater is more fully exploited? What if water conservation is introduced? What if ecosystem 

requirements are tightened? What if new sources of water pollution are added? What if a water recycling 

program is implemented? What if a more efficient irrigation technique is implemented? What if the mix 

of agricultural crops changes? What if climate change alters the hydrology? 

Scenarios in WEAP encompass any factor that can change over time, including those factors that may 

change because of particular policy interventions, and those that reflect different socio-economic 

assumptions. Sensitivity analyses may also be done by varying uncertain factors through their range of 

plausible values and comparing the results.  

4.3.1    Manage Scenarios  

Use the Manage Scenarios screen, to create, delete, organize and set the properties of the scenarios in an 

Area. 

The tool bar at the top of the Scenario Manager lets you add, copy, delete and rename scenarios. Click on 

Add ( ) to add a new scenario, immediately under the current scenario. Click on Delete ( ) to delete a 

scenario. Bear in mind that deleting a scenario will also delete all data associated with that scenario. Click 

on Copy ( ) to make a copy of a scenario with a different name, and click on Rename to rename the 

scenario. 

On the left side of the screen, the Area's scenarios are listed in a hierarchical tree showing the main 

scenario inheritance structure. Scenario inheritance describes how each scenario inherits the expressions 

from the scenarios above it in the hierarchy. For more information, refer to Scenario Inheritance. Click on 

a scenario in the tree to edit it or to add a new scenario beneath it. 

On the right of the screen, you can edit a scenario's inheritance and description. Use the is based on 

selection box to change the scenario's "parent." For those branch/variable combinations in the scenario for 

which no expression has been explicitly defined, a default expression is inherited from one of its ancestor 

scenarios. First the parent is checked for an expression. If none is found, then the parent's parent is 
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searched. This continues until an expression is found, either in an ancestor scenario or in the Current 

Accounts. 

To show or hide results for individual scenarios, check or uncheck "Show Results for Scenario" for each 

scenario. If this box is unchecked, then WEAP will not calculate results for that scenario.  Click "Show 

All" to check all scenarios; "Show None" to uncheck all. 

In the example shown below, there are four scenarios defined--a Reference scenario, and three variants of 

the Reference scenario. 

 

Menu Option: Area: Manage Scenarios (also on Data View toolbar) 

See also: Scenarios, Data View  

4.3.2   Scenario Inheritance  

An important concept in using scenarios is the idea of scenario inheritance. In WEAP's Data View, you 

create mathematical expressions that define the data values of each branch/variable combination in your 

analysis. Scenario inheritance allows you to create hierarchies of scenarios that inherit default expressions 

from their parent scenario. Initially, you create expressions for the Current Accounts. These can either be 

constant expressions, or expressions that generate a time-series of values. Then, you can create additional 

scenarios, with expressions that either simply inherit the Current Accounts expressions, or override these 

for particular branches and variables. So, for example, you might create a scenario that examines an 

irrigation efficiency program, that inherits most of its expression from a baseline "business as usual" 

scenario. Because the efficiency scenario inherits from the baseline scenario, when initially created it will 

contain exactly the same expressions as the baseline scenario, and hence will yield exactly the same 

results. To fully define the scenario you only need to type in expressions to reflect the branches and 

variables affected by the irrigation efficiency program. The inherited expressions for all other branches 

stay the same. You can define any number of levels of inheritance. So for example you could make an 

irrigation efficiency scenario that inherits from the first, with slightly revised assumptions. This approach 

makes it very easy to edit and organize scenarios, since a) they can be created with a minimum of data 

entry and b) common assumptions in families of scenarios can be edited by just editing the parent 

scenario. The ability to establish scenario inheritance is demonstrated in Manage Scenarios. 
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When editing scenario data in WEAP's Data View, the expression fields in data entry tables are color 

coded to show which expressions have been entered explicitly in the current scenario, and which are 

inherited either from a parent scenario or from the data specified for Current Accounts. Red text indicates 

a value entered explicitly in the current scenario, while black text indicates an inherited value (or data 

entered in Current Accounts).  

4.4  Tree  

The tree is a hierarchical outline used to organize and edit the main data structures in a WEAP analysis. 

You can edit the tree structure underneath the branches for Demand Sites, Key Assumptions, and Other 

Assumptions (by right-clicking with the mouse on a tree branch, or by using the Tree menu options), and 

you also click on the tree to select the data you want to view and edit. (See Editing the Tree for details.) 

You cannot add or remove schematic nodes (e.g., reservoirs, wastewater treatment plants) by editing the 

tree; all schematic changes must be done through the Schematic View 

Data in the tree are organized under six major categories, which appear as the top level of branches in the 

tree: 

¶ Key Assumptions: under which you create and organize 

independent variables used to "drive" the calculations in your 

analyses. Driver variables are not directly calculated in 

WEAP, but they are useful as intermediate variables that can 

be referenced in your modeling calculations. It is very useful 

to create variables here for all you major modeling 

assumptions, especially those that will vary from scenario to 

scenario. Less important intermediate variables should go 

under Other Assumptions (see below). 

¶ Demand Sites: Demand analysis in WEAP is a 

disaggregated, end-use based approach for modeling the 

requirements for water consumption in an area. 

¶ Hydrology: under which future inflows for each supply 

source are projected using either the Water Year Method or 

the Read From File Method. You specify the details of these 

two methods under the Hydrology section. 

¶ Supply and Resources: given the monthly supply 

requirement from Demand and definitions of Hydrology, the Supply and resources section 

determines the amounts, availability and allocation of supplies, simulates monthly river flows, 

including surface/groundwater interactions and instream flow requirements, and tracks reservoir 

and groundwater storage. 

¶ Environment: the Environment section tracks pollution from generation to treatment to its 

outflow and accumulation in surface and underground bodies of water. 

¶ Other Assumptions: user-defined intermediate variables are created, similar to Key Assumptions 

(see above).  

4.4.1   Editing the Tree  

The branch structure underneath the top-level branches Key Assumptions and Other Assumptions, and 

under each demand site under the top-level branch Demand Sites, is edited directly from the tree, much 



Chapter 4: Data 

36 

like the tree in Windows Explorer. You can rename branches by clicking once on them and typing, and 

you can expand and collapse the outline by clicking on the +/- symbols to the left of each branch icon. 

Additional options to edit the tree are accessed by right-clicking on the tree and selecting an option from 

the pop-up menu that appears, or by using Tree menu. 

Add is used to add a new branch as a "child" of the highlighted branch. 

Rename allows you to rename a branch. Alternatively, you may click on the branch, wait a 

second, then click again to be put into edit mode. 

Delete is used to delete the current highlighted branch and all branches underneath it. You will 

be asked to confirm the operation before the branch is deleted, but bear in mind that a delete cannot 

be undone. Note, however, that you can exit WEAP without saving your data set to restore it to its 

status prior to the previous Save operation. 

Sort by Name (all levels below): orders all branches alphabetically at all levels below the selected 

branch. 

Sort by Name (just one level below): orders only the one level of branch that is below the 

selected branch. For example, to order the list of demand sites alphabetically but leave each 

demand site's sector branches unsorted, this option would be selected when right-clicking on the 

"Demand Sites" branch. 

Cut Branches is used to mark a branch and all branches below it to be cut. Later when you 

select Paste Branches ( ), the marked branches will be moved to the new position selected in the 

tree. Notice that, unlike a conventional cut operation in a standard Windows program, the cut 

operation does not actually delete the branches, nor does it copy the branches to the Windows 

clipboard. 

Copy Branches is similar to the Cut operation except that on the Paste operation, branches are 

subsequently copied not moved. 

Auto-Expand specifies whether the branches in the tree automatically expand and collapse as you 

click on them. 

Expand All fully expands the tree. 

Collapse All fully collapses the tree. 

Outline Level expands or collapses the tree to show all branches up to the selected level of depth. 

Font is used to change the typeface and size of displayed tree. 

Drag and Drop Editing of Branches  

You can also move branch (and all branches below it) by dragging and dropping it onto another branch. 

To copy rather than move a branch, hold down the Ctrl  key and then click and drag the branches. This 

approach allows you to rapidly create data sets, especially those containing many similar groups of 

branches (for example a household subsector with many similar disaggregated end-uses). 

See also: Tree Overview  
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4.5   Key Assumptions and Other Assumptions  

You can create Key Assumptions and Other Assumptions, which you can reference in expressions 

elsewhere in WEAP. It is very useful to create variables here for all your major modeling assumptions, 

especially those that will vary from scenario to scenario, as it will organize and highlight the most 

important parts of your model, help ensure that consistent assumptions are used throughout your model, 

and make it convenient to view and edit them. (Less important intermediate variables should go in the 

Other Assumptions section.)  You may create a multilevel, hierarchical structure for your Key 

Assumption and Other Assumption branches, grouping together related concepts. For example, the 

categories of Key Assumptions in the Weaping River Basin dataset are Drivers, Monthly Variation, and 

Elasticity. You can create any number of levels of grouping.   

Although Key Assumptions can be thought of as variables, they are actually added as new branches to 

the Data View Tree under the Key Assumptions and Other Assumptions sections.  Alternatively, you can 

also add your own User-Defined Variables under the sections for Demand Sites, Supply and Resources, 

and Water Quality.  As opposed to Key Assumptions, which are added as new branches to the tree, User-

Defined Variables are added as new variable tabs to existing branches.  Key Assumptions are best if you 

are using the same expression in multiple places in your model, or to highlight a major modeling 

assumption.  User-defined variables are better if you want to create a variable whose values will vary by 

demand site (or groundwater node, or reservoir, etc.).  See the Customizing Data Variables section for 

more information about them. 

To create a Key Assumption branch, right click on the branch under which you want to add the new 

branch (on or under the Key Assumptions and Other Assumptions top level branches), and choose Add 

from the context menu.  A new branch will appear, with the name "New Branch" highlighted for you to 

type a new name.  To create a multilevel structure, first create the branch that will hold the other branches 

(e.g., "Drivers"), then create the other branches underneath it (e.g., "GDP," "Price of Water," and 

"Technical Innovation"). 

For example, suppose you wanted to model the population of your demand sites by using a simple growth 

rate.  If the growth rate was the same for all municipal demand sites, it would be best to create a single 

Key Assumption branch called Population Growth Rate, and then reference this in the Annual Activity 

Level expression for the municipal demand sites (e.g., Growth( \ Key\ Population Growth 

Rate ).  However, if you wanted to use a different growth rate for each demand site, to do this with Key 

Assumptions would require adding a different Key Assumption branch for each demand site.  It would be 

better to create a single user-defined variable called Population Growth Rate in the Demand Sites section 

of the tree.  After entering the growth rate value for each demand site, the expression for Annual Activity 

Level would be Growth(Population Growth Rate) .   

Because the values of Key Assumption variables can be displayed in the Results View, these variables 

can also be used to create new result variables or alternative indicators. For example, you could perform a 

social cost-benefit analysis by creating indicators such as the social cost of unmet demand (shortages), or 

the environmental cost of low river flows. The shortage cost key assumption could refer to the unmet 

demand at one or more demand sites (using the PrevTSValue function), with an increasing cost associated 

with increasing unmet demands. A complete "triple bottom line" analysis could be done, involving 

financial, social and environmental costs. You could create a key assumption group for each of these 

types of costs, with individual cost items under each. (The financial costs Key Assumption Variables 

would reference the Financial Results variables using PrevTSValue.) 

Entered on: Data View, Branches: Key Assumptions, Other Assumptions 
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4.6   Customizing Data Variables   

4.6.1  User -Defined Variables  

You can create user-defined variables under the sections for Demand Sites, Supply and Resources, and 

Water Quality, which you can reference in expressions elsewhere in WEAP. This is a very powerful 

feature, as it allows you to easily create your own models within WEAP.  For example, SEI researchers 

created an experimental glacier module in WEAP, tracking accretion, depletions and runoff from glaciers, 

using user-defined variables for WEAP's catchment objects.   

As opposed to Key Assumptions, which are added as new branches to the tree, User-Defined Variables 

are added as new variable tabs to existing branches.  Key Assumptions are best if you are using the same 

expression in multiple places in your model, or to highlight a major modeling assumption.  User-defined 

variables are better if you want to create a variable whose values will vary by demand site (or 

groundwater node, or reservoir, etc.).  See the Key Assumptions section for more information about them. 

To create a user-defined variable, go to the Data View, right click on any of the existing variable tabs, and 

choose Create.  (Alternatively, for Create and all other user-defined variable actions, you can use the 

main menu: Edit, Data Variable.)  To edit an existing variable, make sure it is the active variable, then 

right click on the variable tab and choose Edit .  When you create a variable, it will initially take on the 

properties (described below) of the highlighted variable. 

Definition  

Each variable needs a Name and Category; Unit and Comment are optional. 

Scope  

The Scope section determines where and how the variable will appear.  Choose between Monthly  or 

Annual.  Select whether the variable will appear in both Current Accounts and Scenarios, Current 

Accounts Only, or Scenarios Only.  Finally, for variables under Demand Sites and Catchments, whether 

the variable appears at the Top Level Only (the Demand Site level), the Lowest Level Only, or at All 

Levels.  For comparison, Annual Activity Level appears at All Levels, Annual Water Use Rate appears at 

the Lowest Level Only, and Monthly Variation appears at the Top Level Only. 

Values  

The Values section determines how to constrain the values of the variable.  You can specify Minimum  or 

Maximum  limits for values of the variable, or leave them blank if there are no limits.  If it makes sense to 

sum the values across the branches (e.g., Land Area can be summed, but not Consumption), check Sum 

Across Branches. 

Default Value or Expression  

Data variables will typically default to 0, but in some cases to another value (e.g., Consumption defaults 

to 100%, Demand Priority defaults to 1).  You can also create variables that are calculated, which will 

have a default expression that is not a constant.  For example, to model population you might add two 

variables: Population Growth Rate, and Population.  Population Growth Rate is data, and will contain the 
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annual growth rate, whereas Population is calculated (in the Scenario).  In this case, the scope of 

Population Growth Rate is Scenarios Only, with a default of 0.  Population will appear in both Current 

Accounts and Scenarios, but the default expressions will be different--the default for the Current 

Accounts is 0 (entered as data), and for the Scenarios the default will be Growth(Population 

Growth Rate) . 

To delete a user-defined variable, right click on its tab and choose Delete. 

You can reorder the variables tabs--right click on a tab and choose Move Left or Move Right. 

4.6.2  Built -In Data Variables  

You may customize WEAP's built-in variables (such as Demand Site Annual Activity Level or 

Consumption) to some extent.  You are allowed to edit (right click on the variable and choose Edit) a 

variable's Unit, Category, Minimum and Maximum Values and Default Value or Expression.  (Changing 

the default expression can be especially useful if you have created your own model using user-defined 

variables and you want to link a built-in WEAP variable to the result from a user-defined variable.)  You 

may not change the name, comment or scope.  You are not allowed to change the unit here if the unit is 

chosen on the main menu General Units screen (e.g., Reservoir storage volume) or independently for each 

branch (e.g., Demand Site Annual Activity Level). 

Although you are not allowed to delete a built-in variable, you may hide it.  Right click on the variable 

and choose Hide.  To unhide previously hidden variables, right click and choose Unhide, and then choose 

the variable to show, or All Variables  to unhide all previously hidden variables.  Hiding unused variables 

can be a useful way to simplify a model's appearance, perhaps for display to stakeholders.  Note: variables 

can still be used in calculations even when hidden (e.g., if you enter 50% for a demand site's consumption 

and then hide the Consumption variable, WEAP will still use the hidden value of 50% in determining 

how much water is consumed by the demand site).  Therefore, to prevent confusion, it is best not to hide 

variables which currently hold data. 

4.6.3  Data Variables Report  

To see a list of all (unhidden) data variables along with their definitions (the information listed above), 

from the main menu choose Edit, Data Variable, Report.  Variables for non-existent objects (e.g., 

catchments variables if the area has no catchments) are not shown.  The report can be exported to a CSV, 

ASCII, Excel, Word, HTML or XML file, or to the Windows clipboard.  This report will not include any 

data expressions--for those, you will need to see the Data Expressions Report or Export Expressions to 

Excel.  

Note: If you want to perform an action on a variable (Edit, Delete, Move Left, Move Right, or Hide), you 

must first make sure that the variable is the current, highlighted variable.  If it is not, left click on the 

variable tab to select it, then right click on it and choose the desired action. 

Note: Customizing data variables only applies to the current WEAP dataset.  If you want to add or 

customize variables in other datasets, you will need to do it separately for each one. 

See also: Customizing Result Variables 

Menu Option: Edit: Data Variable 
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4.7   Startup Year  

Most WEAP elements (Demand Sites, Wastewater Treatment Plants, Groundwater nodes, Reservoirs, 

Other Supply nodes, Transmission Links, Return Flow Links, Run of River Hydropower nodes, and 

Diversions) can be specified as not being active in the Current Accounts.  (To view or change this setting, 

see Edit General Info.)  For elements that are not active in the Current Account, you can specify the 

Startup Year in which it becomes active in a scenario.  The startup year can vary by scenario.  Set the 

startup year to 0 in a scenario to have it never be active in that scenario.  Elements which are not active 

yet will have no effect on calculations.  For example, Demand Sites that are not active will not have any 

demand, reservoirs will not store any water, transmission and return flow links will not have any water 

flowing through them, wastewater treatment plants will not treat any water (water routed to it will flow to 

its return flow links untreated). 

4.8  Demand  

Demand analysis in WEAP is a disaggregated, end-use based approach for modeling the requirements for 

water consumption in an Area. Using WEAP you can apply economic, demographic and water-use 

information to construct alternative scenarios that examine how total and disaggregated consumption of 

water evolve over time in all sectors of the economy. Demand analysis in WEAP is also the starting point 

for conducting integrated water planning analysis, since all Supply and Resource calculations in WEAP 

are driven by the levels of final demand calculated in the demand analysis. 

WEAP provides a lot of flexibility in how you structure your data. These can range from highly 

disaggregated end-use oriented structures to highly aggregate analyses. Typically a structure would 

consist of sectors including households, industry and agriculture, each of which might be broken down 

into different subsectors, end-uses and water-using devices. You can adapt the structure of the data to 

your purposes, based on the availability of data, the types of analyses you want to conduct, and your unit 

preferences. Note also that you can create different levels of disaggregation in each demand site and 

sector. 

In each case, demand calculations are based on a disaggregated accounting for various measures of social 

and economic activity (number of households, hectares of irrigated agriculture, industrial and commercial 

value added, etc.). In the simplest cases, these activity levels are multiplied by the water use rates of each 

activity (water use per unit of activity). Each activity level and water use rate can be individually 

projected into the future using a variety of techniques, ranging from applying simple exponential growth 

rates and interpolation functions, to using sophisticated modeling techniques that take advantage of 

WEAP's powerful built-in modeling capabilities. More advanced approaches can incorporate hydrologic 

processes to determine demand (e.g. crop evapotranspiration calculations to determine irrigation 

requirements).  

4.8.1   Getting Started  

The following types of data are often useful: 

¶ Basic water requirements data, categorized by sector and/or specific water users 

¶ Existing water use studies for the study area, and data from national, state, county or municipal 

agencies 

¶ Population projections for cities and towns, production activity level projections for industry and 

agriculture 



4.8 Demand 

41 

¶ Water consumption (water consumed by a demand site that is lost to the system, lost to 

evaporation, embodied in products, or otherwise unaccounted for)  

Note: Agricultural irrigation demands can either be calculated using activity levels and water use rates as 

described above, or by simulating catchment processes such as evapotranspiration, runoff, infiltration and 

irrigation demands. See Overview of Catchment Calculation Methods for more information.  

4.8.2   Dem and Tree  

 WEAP uses a hierarchical structure to disaggregate water demand data. You can 

easily adapt this structure to the nature of your problem and data availability. A 

hypothetical example of a multilevel demand structure is shown on the right. 

The first level corresponds to the demand sites (from the Schematic created on 

the Schematic View). Below this, you can create as many levels as you wish. For 

example, South City is broken down into single and multi-family, and further by 

end use, while West City has no disaggregation. WEAP is flexible in allowing 

you to enter aggregated data initially, and to refine the demand projections later 

as more detailed data becomes available or necessary. 

Examples of disaggregation: 

¶ Sector: A sample sectoral partition could include agriculture, industry, 

urban domestic and rural domestic. The sector categories can be used 

flexibly to correspond to the particular problem under analysis. The 

example at the right has no sectoral breakdown within a demand site--the 

demand sites themselves each represent one sector (two each for 

municipal, industry and agriculture). 

¶ Subsector: For example, the industrial sector could be divided into 

industrial classifications, e.g., steel and iron, petroleum, chemistry, 

textile, pulp and paper, and food processing. The agriculture sector might 

be broken down by crop type, livestock or another appropriate subsector. 

¶ End-use: For example, a crop end-use might be characterized by water 

requirements in different soil conditions or in different locations in the 

study area, or different irrigation techniques. Industrial end-uses might 

include processing, cooling and sanitary amenities. 

¶ Device: For example, sprinkler, drip or flooding irrigation in agricultural sectors, or showers, 

toilets, and washing for domestic sectors. 

You can organize the demand tree along the lines of the available data. For example, under the 

agricultural sector, the irrigation area for each crop can be identified at the subsector level. One level 

down, the percentage of each irrigation technique in each crop may be assigned at the end-use level. 

Another equally valid way to organize the agriculture sector would be to identify irrigation districts at the 

subsector level and the crops grown within the irrigation districts at the end-use level.  

4.8.3  Methods for Calculating Demands  

 Methods for Calculating Demands  

The method for determining demands can be selected here. Currently three options are available: (1) 

standard water use method (2) FAO crop requirements approach and the (3) direct method. 
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Standard Water Use Method 

In the simplest case, the user determines an appropriate activity level (e.g. persons, households, hectares 

of land) for each disaggregated level and multiples these by the appropriate annual water use rate for each 

activity. Monthly variation is applied to this rate. 

FAO Crop Requirements Approach 

The FAO crop requirements approach is typically used to represent agricultural demand nodes. This 

approach assumes for each demand site a set of simplified hydrological and agro-hydrological processes 

such as precipitation, evapotranspiration, and crop growth emphasizing irrigated and rainfall agriculture. 

Obviously non-agricultural crops can be included as well. These processes are used to determine the 

irrigation requirements for each demand site. Some of the basic assumptions are: 

¶ water balance is calculated at a monthly base 

¶ no carrying over capacity between months of soil water 

¶ water shortage is divided equally over the irrigated land classes 

¶ crop factors specified by month 

¶ yield response factor constant for entire growing season 

See FAO Irrigation and Drainage Paper 56 (1998) for more details. This method can also be used to 

directly determine runoff contributions to rivers and groundwater supplies. 

Direct Method 

Demands can be directly read into WEAP from a file or monthly water use rates can be inputted. 

Entered on: Data View, Branch: Demand Sites, Category: Advanced, Tabs: Methods  

 Overview of Demand Calculat ion Methods  

Several options exist to input and calculate demand within WEAP. For a particular demand site branch 

within the Data Tree, you can click on the "Advanced" button at the top of the Data Entry window to 

select among the following options: 

(1) Monthly Demand - this option allows you to input month by month demand values for the demand 

site, or you may use the ReadFromFile function to read in monthly demands from a file. 

(2) Annual Demand with Monthly Variation - this option allows you to express demands on an annual 

level. It requires you to input an activity level (e.g., number of people) and a water use rate associated 

with that activity level (e.g., an annual volume used per person). Monthly variation can then be described 

either with some user-defined expression or variation weighted by days in each month. If you want the 

monthly variation to differ by branches within a demand site, WEAP can accommodate this--just go to 

the main menu at the top of the schematic, select General, Basic Parameters to indicate this option. 

Losses, reuse, and efficiency are accounted for separately. Water demand is calculated by multiplying the 

overall level of activity by a water use rate. Activity Levels are used in WEAP's Demand analysis as a 

measure of social and economic activity. 

Note: Agricultural irrigation demands can either be calculated using activity levels and water use rates as 

described above, or by simulating catchment processes such as evapotranspiration, runoff, infiltration and 

irrigation demands. See Overview of Catchment Calculation Methods for more information.  
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Monthly Demand Option  

 Monthly Demand 

Specify the demand for each month, typically using the ReadFromFile function. 

Entered on: Data View, Branch: Demand Sites, Category: Water Use, Tab: Monthly Demand  

Annual Demand with Monthly Variation Option  

 Annual Activity Levels 

The annual demand represents the amount of water required by each demand. Losses, reuse, and 

efficiency are accounted for separately. Water consumption is calculated by multiplying the overall level 

of activity by a water use rate. Activity Levels are used in WEAP's Demand analysis as a measure of 

social and economic activity. 

 

Activity levels for one of the hierarchical levels are typically described in absolute terms (in this case, the 

number of people in South City is 3.75 million in the Current Accounts), while the other levels are 

described in proportionate (i.e., percentage share or percentage saturation) terms. In the example shown 

above, 42% of the population lives in single-family households in 1998 and of these, 90% have showers. 

Notice that at the top level, the user chooses an absolute unit for the activity level (person). At lower 

levels, WEAP keeps track of the units, and hence knows that the percentage number entered at the second 

level is the share "of people". In general, WEAP lets you choose the numerator units for activity levels, 

while automatically displaying the denominator unit. When selecting an activity level unit, you can 

choose from any of the standard units. WEAP multiplies activity levels down each chain of branches to 

get a total activity. (See Calculation Algorithms for details.) For example, the total number of single-

family dwellers in South City with showers in 1998 = 3.75 million people * 42% * 90% = 1.42 million 

people. Multiply this value by the water use rate per person per shower per year to get the total annual 

demand for South City single-family showers. 

All values can be altered for future years in scenarios. This allows the planner to capture the combined 

effects of separate changes at many levels, such as, for example, the growth in the total population (shown 

above growing at 3%), the change in household structure, the growing penetration of washing machines 

(from 75% to 85%), and the market share of less efficient vs. more efficient washing machines. To project 

these data, you first use the Manage Scenarios option to create one or more scenarios. Then, in the Data 

View, you override the default (constant) expressions entered in Current Accounts for each branch, with 

new expressions that describe how each value changes over time. See Expressions for more information. 

Entered on: Data View, Branch: Demand Sites, Category: Water Use, Tab: Annual Activity Level  
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 Annual Water Use Rate 

The Water Use Rate is the average annual water consumption per unit of activity. WEAP displays the 

denominator (person, in the example below) to emphasize that this is a rate per unit, not the total amount 

of water used by all showers. 

 

Entered on: Data View, Branch: Demand Sites, Category: Water Use, Tab: Annual Water Use Rate  

 Monthly Variation  

In some demand sites, such as industrial sites, water use may remain constant throughout the year, while 

other demands may vary considerably from month to month. If the demand is constant throughout the 

year, leave this line blank. Otherwise, enter the percentage of annual water used in each month. The 

percentages will also be used to convert the annual pollution generated into monthly amounts. The 

variation should reflect the weighted effects of all users within the demand site. In estimating monthly 

variations for a demand site, historical patterns can be reviewed. If such records are unavailable, the user 

can reference demand sites with similar properties. The twelve monthly coefficients must sum to one 

hundred percent. If demand does not vary, all months are assumed to use the same amount, according to 

the number of days in the month. For example, the default annual share for January is 31/365=8.49%, 

whereas February is 28/365=7.67%. Depending on the setting in Basic Parameters, either the monthly 

variation is the same for all branches underneath a demand site or each branch within a demand site can 

have a different monthly variation. 

Annual water demands are the requirements for final water services in industry, agriculture, domestic and 

other purposes. WEAP allows for three adjustments--demand site losses and reuse, and transmission link 

losses--to reflect more accurately the actual supply requirement needed to meet the demand for water 

services. 

Entered on: Data View, Branch: Demand Sites, Category: Water Use, Tab: Monthly Variation  

 Demand Management 

If you want to model the effects of various demand-side management (DSM) strategies for reducing 

demand, you can use either a disaggregated or aggregated approach. The disaggregate approach would 

make changes to the water use rates on individual branches. For example, to model a program to promote 

efficient washing machines, you would either decrease the water use rate for washing machines (if there 

was only one branch for washing machines), or increase the share of efficient washing machines (if there 

were two branches--one for traditional washing machines and one for more efficient ones). Another 

example would be a tiered pricing strategy that charged more per unit water for higher usage rates, thus 

encouraging individuals to reduce their consumption. The benefits generated by this pricing strategy 

could be modeled using the BlockRate function. However, you would need to separately estimate the 

reduction in activity level or water use rate due to increased prices. 
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The disaggregated approach works well if your demand data is already disaggregated to the level of end-

uses or devices. However, most demand analyses will not be so disaggregated. With the aggregated 

approach for DSM, you estimate the fraction of total demand for a demand site that could be reduced by 

DSM programs, and enter that fraction under DSM Savings. For example, if efficient washing machines 

and toilets consume 60% less water than traditional ones, and those end uses account for 4% of overall 

water consumption for a demand site, enter 2.4% for the DSM Savings. 

If there are costs associated with these DSM programs, enter the cost per unit of water saved on the DSM 

Cost tab. 

Entered on: Data View, Branch: Demand Sites, Category: Demand Management, Tabs: DSM Savings, 

DSM Cost  

4.8.4   Consumption  

Enter the consumptive losses for the demand site--water that is lost to evaporation or treatment, embodied 

in products, or otherwise unaccounted for. These amounts are lost from the system. Consumption is 

entered as a fraction of the demand site inflow (supply). 

Entered on: Data View, Branch: Demand Sites, Category: Water Use, Tab: Consumption  

4.8.5   Pumping  

Pump Layer  

Groundwater layer or layers (as defined in linked MODFLOW model) from which to pump. Specify 

layer=255 for a cell to have pumping come equally from all layers in that cell. To have withdrawals 

handled instead as negative recharge, specify layer=0. If pump layer>0, WEAP will add cells to the well 

file if they are not already there. Use the PumpLayer function to specify fractions to pump from several 

layers. If blank, will default to 0 (negative recharge). 

Note: Pump Layer is only used when linked to MODFLOW. 

Entered on: Data View, Branch: Demand Sites, Category: Pumping, Tab: Pump Layer  

4.8.6   Loss and Reuse  

Loss Rate (%)  

Loss Rate includes distribution losses within a demand site and otherwise unaccounted for demands. For 

example, in municipal systems, distribution losses could represent physical leaks, unmetered water use in 

public parks and buildings, clandestine connections, water used for line flushing, or water use for 

firefighting. The effect of distribution losses is to increase the supply requirement by the factor 1 / (1 - 

loss rate). NB: Do not include losses that are already accounted for as transmission link losses. Also, do 

not confuse these losses with Consumption--Loss Rate increases supply requirements but is not lost from 

the system, whereas Consumption is lost from the system and will decrease the return flow of the 

amount supplied. 
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Reuse Rate (%)  

Reuse Rate accounts for water recycling or reuse. This adjustment refers to processes by which water is 

used in more than one application before discharge. For example, irrigation water may be routed for reuse 

in more than one field. In industry, water may be recycled for multiple uses. The effect of reuse is to 

reduce the supply requirement by the factor (1 - reuse rate). NB: This internal reuse should not be 

confused with the direct reuse by one demand site of wastewater from another demand site. See Return 

Flow Routing for more information on this non-internal reuse. The internal reuse happens within one 

demand site. 

Taking all these factors into account (and DSM Savings), 

  MonthlySupplyRequirement = MonthlyDemand x (1 - ReuseRate) x (1 - DSMSavings) / (1 - LossRate) 

Entered on: Data View, Branch: Demand Sites, Category: Loss and Reuse, Tabs: Loss Rate, Reuse 

Rate  

4.8.7   Demand Management  

If you want to model the effects of various demand-side management (DSM) strategies for reducing 

demand, you can use either a disaggregated or aggregated approach. The disaggregate approach would 

make changes to the water use rates on individual branches. For example, to model a program to promote 

efficient washing machines, you would either decrease the water use rate for washing machines (if there 

was only one branch for washing machines), or increase the share of efficient washing machines (if there 

were two branches--one for traditional washing machines and one for more efficient ones). Another 

example would be a tiered pricing strategy that charged more per unit water for higher usage rates, thus 

encouraging individuals to reduce their consumption. The benefits generated by this pricing strategy 

could be modeled using the BlockRate function. However, you would need to separately estimate the 

reduction in activity level or water use rate due to increased prices. 

The disaggregated approach works well if your demand data is already disaggregated to the level of end-

uses or devices. However, most demand analyses will not be so disaggregated. With the aggregated 

approach for DSM, you estimate the fraction of total demand for a demand site that could be reduced by 

DSM programs, and enter that fraction under DSM Savings. For example, if efficient washing machines 

and toilets consume 60% less water than traditional ones, and those end uses account for 4% of overall 

water consumption for a demand site, enter 2.4% for the DSM Savings. 

If there are costs associated with these DSM programs, enter the cost per unit of water saved on the DSM 

Cost tab. 

Entered on: Data View, Branch: Demand Sites, Category: Demand Management, Tabs: DSM Savings, 

DSM Cost  

4.8.8   Demand Site and Catchment Water Quality  

Inflow: Maximum Allowed Inflow Concentration  

In order to set a minimum water quality standard for supply to a demand site or catchment, enter the 

maximum allowed concentration for each constituent. This maximum will be a constraint during 

allocation, such that the inflow from all supplies to a demand site will not exceed the maximum 

concentration entered. If a demand site is connected to more than one source, then the concentration of 



4.9 Catchments 

47 

the mixed inflows (weighted average) must not exceed the maximum. Note: when computing the 

concentration of the inflow, the concentrations from the previous time step of the supplies will be used. 

Entered on: Data View, Branch: Demand Sites and Catchments, Category: Water Quality, Tabs: 

<Constituent Name> Inflow 

Outflow: Pollution Generation  

Demand Sites may generate pollution, which is carried in their wastewater return flows to treatment 

plants and local and river sources; catchments may generate non-point source pollution, which runs off to 

surface water and infiltrates to groundwater. There are two different methods to use to enter pollution 

generation data. 

The first method to enter pollution data is similar to that of water demands. The data is broken down into 

activity level and pollution intensity (amount of production) per activity. The activity level used is that 

which was entered for Water Use. WEAP computes the annual wastewater or non-point source pollution 

generated over time by multiplying activity levels with unit pollution intensities. Projected unit pollution 

intensities can be based on several methods. Annual pollution generated is converted to monthly values, 

using the Monthly Variation entered under Annual Water Use. 

Using the second method, enter the concentration  of each constituent in the demand site return flow or 

catchment runoff. WEAP will multiply this concentration by the volume of wastewater return flow or 

runoff to calculate the volume of pollution generated. Do not enter the pollution activity level or intensity. 

For both the intensity and concentration methods, you may enter the data at any level of disaggregation. 

For example, for a city, you might enter the kg BOD per person per year (at the top, demand site, level of 

the tree), whereas the pollution generated from agricultural lands might be disaggregated by crop type or 

irrigation method, and thus data entered at a level below the catchment branch. 

To edit the list of water quality constituents, go to the menu option General, Water Quality Constituents. 

Entered on: Data View, Branch: Demand Sites and Catchments, Category: Water Quality, Tabs: 

<Constituent Name> Intensity, <Constituent Name> Concentration 

 

4.8.9   Priority  

Determines the demand site's priority for supply. Note: if there is a transmission link carrying wastewater 

for reuse from one demand site to another demand site, the receiving demand site must have a lower 

priority than the supplying demand site. Otherwise, no water will be reused. This is due to the fact that 

demand sites with higher priorities are processed first by the WEAP allocation algorithm. Therefore, a 

higher priority receiving demand site would not receive any wastewater from the supplying demand site 

because the supplying demand site has not yet received any water nor returned any wastewater by the 

time the receiving demand site is processed.  See Demand Priority, Supply Preferences and Allocation 

Order for more information. 

Entered on: Data View, Branch: Demand Sites, Category: Priority, Tab: Demand Priority  

4.9  Catchments  

There is a choice among four methods to simulate catchment processes such as evapotranspiration, runoff, 

infiltration and irrigation demands. These methods include (1) the Rainfall Runoff and (2) Irrigation 
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Demands Only versions of the FAO Crop Requirements Approach, (3) the Soil Moisture Method, and (4) 

the MABIA Method. You can click on the "Advanced" button at the top of the Data Entry window for a 

particular catchment to select among these options. Your choice of method should depend on the level of 

complexity desired for representing the catchment processes and data availability. 

Irrigation Demands Only Method (FAO Crop Requirements 
Method)  

Of these four methods, the Irrigation Demands Only method is the simplest. It uses crop coefficients to 

calculate the potential evapotranspiration in the catchment, then determines any irrigation demand that 

may be required to fulfill that portion of the evapotranspiration requirement that rainfall cannot meet. It 

does not simulate runoff or infiltration processes, or track changes in soil moisture. 

Rainfall Runoff Method (FAO Crop Requirements Method)  

The Rainfall Runoff method also determines evapotranspiration for irrigated and rainfed crops using crop 

coefficients, the same as in the Irrigation Demands Only method. The remainder of rainfall not consumed 

by evapotranspiration is simulated as runoff to a river, or can be proportioned among runoff to a river and 

flow to groundwater via catchment links. 

Rainfall Runoff Method (Soil Moisture Method)  

The Soil Moisture method is the most complex of the four methods, representing the catchment with two 

soil layers, as well as the potential for snow accumulation. In the upper soil layer, it simulates 

evapotranspiration considering rainfall and irrigation on agricultural and non-agricultural land, runoff and 

shallow interflow, and changes in soil moisture. This method allows for the characterization of land use 

and/or soil type impacts to these processes. Baseflow routing to the river and soil moisture changes are 

simulated in the lower soil layer. Correspondingly, the Soil Moisture Method requires more extensive soil 

and climate parameterization to simulate these processes. 

Note that the deeper percolation within the catchment can also be transmitted directly to a groundwater 

node by creating a Runoff/Infiltration Flow Link from the catchment to the groundwater node. The 

method essentially becomes a 1-layer soil moisture scheme if this is link is made.  See Groundwater-

Surface Water Interactions for more information. 

MABIA Method (FAO 56, Dual Kc, Daily)  

The MABIA Method is a daily simulation of transpiration, evaporation, irrigation requirements and 

scheduling, crop growth and yields, and includes modules for estimating reference evapotranspiration and 

soil water capacity.  It was derived from the MABIA suite of software tools, developed at the Institut 

National Agronomique de Tunisie by Dr. Ali Sahli and Mohamed Jabloun.  For more information about 

MABIA and to download standalone versions of the software, visit http://www.mabia-agrosoftware.net. 

 The algorithms and descriptions contained here are for the combined MABIA-WEAP calculation 

procedure. 

The MABIA Method uses the ódualô Kc method, as described in FAO Irrigation and Drainage Paper No. 

56 (Spanish version of FAO 56), whereby the Kc value is divided into a óbasalô crop coefficient, Kcb, and 

a separate component, Ke, representing evaporation from the soil surface. The basal crop coefficient 

represents actual ET conditions when the soil surface is dry but sufficient root zone moisture is present to 
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support full transpiration.  In this way, MABIA is an improvement over CROPWAT, which use a single 

Kc method, and hence, does not separate evaporation and transpiration. 

See also: FAO Method Calculation Algorithms, Soil Moisture Method Calculation Algorithms, MABIA 

Method Calculation Algorithms. 

4.9.1  FAO Crop Requirements Method  

 Land Use  

(These parameters apply to the FAO Method. For the Soil Moisture Method, see Soil Moisture, Land Use; 

for the MABIA Method, see MABIA, Land Use.) 

Area 

The land area for a catchment or subcatchment, or the share of land area from the branch above. 

Kc 

The crop coefficient, relative to the reference crop, is given here for each land class type.  There is a 

special case involving Kc and double cropping.  In cases where there are two different crops planted on 

the same land at different times of the year (double cropping), you can choose to model this with two 

separate branches on the demand tree, one for each crop.  In this case, set the Kc = 0 for branch 2 when 

branch 1 is active and Kc = 0 for branch 1 when branch 2 is active.  For example, if winter wheat was 

planted November through March and corn was planted May through September, the Kc's may look 

something like this: 

Wheat: Kc = MonthlyValues( Jan, 1.15,  Feb, 1.15,  Mar, 0.4,  Apr, 0.05,  May, 0,  Jun, 0,  Jul, 0, 

 Aug, 0,  Sep, 0,  Oct, 0,  Nov, 0.4,  Dec, 0.7 ) 

Corn:    Kc = MonthlyValues( Jan, 0,  Feb, 0,  Mar, 0,  Apr, 0,  May, 1,  Jun, 1.15,  Jul, 1.15,  Aug, 

1.05,  Sep, 1.05,  Oct, 0.05,  Nov, 0,  Dec, 0 ) 

Double cropping could also be modeled with one branch, where the various crop and land use parameters 

would change over the year to reflect the two different crops.  The important point to remember is that Kc 

should not be set to 0 unless you are double cropping.  When Kc = 0, WEAP will ignore that land 

entirely, including no precipitation, evaporation or runoff.  For fallow land, set Kc to a small but non-zero 

value, such as 0.05. 

Effective Precipitation 

The percentage of rainfall available for evapotranspiration. The remainder is available for runoff. 

See also: FAO Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Land Use, Tab: Area, Kc, Effective 

Precipitation.  

 Climate  

(These parameters apply to the FAO Method. For the Soil Moisture Method, see Soil Moisture, Climate; 

for the MABIA Method, see MABIA, Climate.) 
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Depending on the setting in General: Basic Parameters, the values for precipitation and ETref can either 

be entered once for each catchment and will apply to all the land use branches within that catchment, or 

they will be entered separately for each branch within each catchment. This second option might be 

necessary if there is a large variation in the elevation among different land uses within a catchment. 

Alternatively, the catchment could be divided into several different catchment nodes according to 

elevation, so that the climate within each catchment did not vary by land use. 

Precipitation 

The monthly precipitation time series can either be read in from a file or entered in manually. 

ETref  

The monthly reference evapotranspiration can either be read in from a file or entered in manually. 

See also: FAO Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Climate, Tab: Precipitation, ETreference.  

 Irrigation  

(These parameters apply to the FAO Method. For the Soil Moisture Method, see Soil Moisture, Irrigation; 

for the MABIA Method, see MABIA, Irrigation.) 

If you indicate that irrigation is to occur in a Catchment at the time you create the Catchment in the 

Schematic, the Irrigation tab will appear under the particular Catchment in the Data View. The following 

irrigation-related variables will require input if the FAO method is chosen for the Catchment. 

Irrigated  

Enter 1 if the land class is irrigated. Enter 0 otherwise. 

Irrigation Fraction  

Irrigation fraction is the percentage of the supplied water available for ET consumption (i.e., irrigation 

efficiency). 

Pump Layer 

Groundwater layer or layers (as defined in linked MODFLOW model) from which to pump for irrigation. 

Specify layer=255 for a cell to have pumping come equally from all layers in that cell. To have 

withdrawals handled instead as negative recharge, specify layer=0. If pump layer>0, WEAP will add cells 

to the well file if they are not already there. Use the PumpLayer function to specify fractions to pump 

from several layers. If blank, will default to 0 (negative recharge). 

Depending on the setting in General: Basic Parameters, the pump layer can either be entered once for 

each catchment and will apply to all the land use branches within that catchment, or can be entered 

separately for each branch within each catchment. 

Note: Pump Layer is only used when linked to MODFLOW. 

See also: FAO Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Irrigation, Tabs: Irrigated, Irrigation Fraction, 

Pump Layer.  
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 Yield  

(These parameters apply to the FAO Method. For the MABIA Method, see MABIA, Yield .) 

Potential Yield 

The maximum potential yield assuming an optimal supply of water. 

Yield Response Factor 

Defines how the yield changes when the ETactual is less than the ETpotential. ActualYield = Potential 

Yield*(1-YieldResponseFactor)*((1-ETActual)/ETPotential)) 

Market Price 

The market price of the crops. 

See also: FAO Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Yield, Tab: Potential Yield, Yield Response 

Factor, Market Price.  

4.9.2  So il Moisture Method  

 Land Use  

(These parameters apply to the Soil Moisture method. For the FAO Method, see FAO Method, Land Use; 

for the MABIA Method, see MABIA, Land Use.) 

Area 

Land area for land cover class within branch or basin catchment. 

Kc 

The crop coefficient, relative to the reference crop, for a land class type. 

Root Zone Water Capacity 

The effective water holding capacity of the top layer of soil, represented in mm. 

Deep Water Capacity 

Effective water holding capacity of lower, deep soil layer (bottom "bucket"), represented in mm. This is 

given as a single value for the catchment and does not vary by land class type. This is ignored if the 

demand site has a return flow link to a groundwater node. 

Deep Conductivity  

Conductivity rate (length/time) of the deep layer (bottom "bucket") at full saturation (when relative 

storage z2 = 1.0), which controls transmission of baseflow. This is given as a single value for the 

catchment and does not vary by land class type. Baseflow will increase as this parameter increases. This 

is ignored if the demand site has a return flow link to a groundwater node. 
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Runoff Resistance Factor 

Used to control surface runoff response. Related to factors such as leaf area index and land slope. Runoff 

will tend to decrease with higher values (range 0.1 to 10). This parameter can vary among the land class 

types. 

Root Zone Conductivity 

Root zone (top "bucket") conductivity rate at full saturation (when relative storage z1 = 1.0), which will 

be partitioned, according to Preferred Flow Direction, between interflow and flow to the lower soil layer. 

This rate can vary among the land class types. 

Preferred Flow Direction 

Preferred Flow Direction: 1.0 = 100% horizontal, 0 = 100% vertical flow. Used to partition the flow out 

of the root zone layer (top "bucket") between interflow and flow to the lower soil layer (bottom "bucket") 

or groundwater. This value can vary among the land class types. 

Initial Z1  

Initial value of Z1 at the beginning of a simulation. Z1 is the relative storage given as a percentage of the 

total effective storage of the root zone water capacity. 

Initial Z2  

Initial value of Z2 at the beginning of a simulation. Z2 is the relative storage given as a percentage of the 

total effective storage of the lower soil bucket (deep water capacity). This parameter is ignored if the 

demand site has a runoff/infiltration link to a groundwater node. This rate cannot vary among the land 

class types. 
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Conceptual diagram and equations incorporated in the Two-bucket model 

 

See also: Soil Moisture Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Land Use, Tabs: Area, Initial Z1, Initial Z2, 

Leaf Area Index, Kc, Root Zone Conductivity, Preferred Flow Direction, Root Zone Water Capacity, 

Deep Water Capacity, Deep Conductivity.  

 Climate  

(These parameters apply to the Soil Moisture method. For the FAO Method, see FAO Method, Climate; 

for the MABIA Method, see MABIA, Climate.) 

Depending on the setting in General: Basic Parameters, the values for all of these variables (except 

latitude) can either be entered once for each catchment and will apply to all the land use branches within 

that catchment, or they will be entered separately for each branch within each catchment. This second 

option might be necessary if there is a large variation in the elevation among different land uses within a 

catchment. Alternatively, the catchment could be divided into several different catchment nodes 

according to elevation, so that the climate within each catchment did not vary by land use. 

Precipitation 

The monthly precipitation time series can either be read in from a file or entered in manually. 
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Temperature 

The weighted mean of high and low temperature on a monthly basis. 

Humidity  

The average monthly relative humidity. 

Wind 

The average monthly wind speed. 

Cloudiness Fraction 

Fraction of daytime hours with no clouds (0.0=completely overcast, 1.0=no clouds). If blank, will default 

to 1 (no clouds). 

Latitude 

The latitude in degrees. 

Initial Snow 

The initial value for snow accumulation at the beginning of the first month of the simulation. 

Melting Point 

Liquid water threshold for snow melt (defaults to +5 degrees Celsius). 

Freezing Point 

Solid water threshold for snow accumulation (defaults to -5 degrees Celsius). 

Snow Accumulation Gauge 

Historic data of snow accumulation (snowpack), to be used in calibration.  Measured in melt water 

equivalent (MWE) depth.  For calibrating, see the "Snow Accumulation vs. Gauge" report, or use the 

PEST Calibration Wizard. 

See also: Soil Moisture Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Climate, Tabs: Precipitation, Temperature, 

Humidity, Wind, Melting Point, Freezing Point, Latitude, Initial Snow.  

 Ponding  

(These parameters apply to the Soil Moisture method. For the FAO Method, see FAO Method, Climate.) 

These variables are used to model flooding for rice cultivation, or for wetlands (managed or unmanaged). 

Maximum Depth 

The maximum depth of water above ground. This is typically the height of the dike that contains the 

water. Once the water reaches this height, any additional water will run off. This height may vary from 

one timestep to the next. For example, if the rice fields are flooded in May and drained in September, 
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using a dike 150 mm high, the following expression would be used: MonthlyValues( Apr, 0, May, 150, 

Aug, 150, Sep, 0 ). In this case, any remaining above-ground storage from the end of August would 

become surface runoff in September. 

Minimum Depth, Target Depth 

Minimum Depth is the minimum required depth for healthy plant growth. When the level of above-

ground storage falls below this height, WEAP will irrigate with enough water to bring the level up to the 

Target Depth. If the level is between the Minimum Depth and the Target Depth, no irrigation will be 

applied. Leave Minimum Depth blank to have it default to the Target Depth--this will cause irrigation to 

be applied each month to maintain the level at exactly the target level. The Minimum Depth is analogous 

to the Lower Threshold variable for irrigation; Target Depth is analogous to the Upper Threshold 

variable. 

For an unmanaged wetland, enter 0 for minimum and target depth so that irrigation will never be applied. 

Release Requirement 

When modeling surface water storage on a land class, either for rice cultivation or a managed wetland, the 

Release Requirement is the amount of water to be released in the timestep, to be replaced with new 

supply. This is typically used to maintain proper water temperature for rice. The release requirement for 

the timestep will never exceed the amount of surface storage at the beginning of the timestep. For 

example, if the release requirement for August is 100 mm, but the amount of water at the beginning of 

August is only 75 mm, then the release requirement will be reduced to 75 mm. Therefore, all of the water 

will be released, and replaced by new supply. 

Entered on: Data View, Branch: Catchments, Category: Ponding, Tabs: Maximum Depth, Minimum 

Depth, Target Depth, Release Requirement.  

 Irrigation  

(These parameters apply to the Soil Moisture method. For the FAO Method, see FAO Method, Irrigation; 

for the MABIA Method, see MABIA, Irrigation.) 

If you indicate that irrigation is to occur in a Catchment at the time you create the Catchment in the 

Schematic, the Irrigation tab will appear under the particular Catchment in the Data View. The following 

irrigation-related variables will require input if the Soil Moisture method is chosen for the Catchment. 

Irrigated Area  

The percent of area that is irrigated. 

Lower Threshold 

Irrigate when soil moisture falls below this percent level. 

Upper Threshold 

Cease irrigation when soil moisture reaches this percent level. 
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Pump Layer 

Groundwater layer or layers (as defined in linked MODFLOW model) from which to pump for irrigation. 

Specify layer=255 for a cell to have pumping come equally from all layers in that cell. To have 

withdrawals handled instead as negative recharge, specify layer=0. If pump layer>0, WEAP will add cells 

to the well file if they are not already there. Use the PumpLayer function to specify fractions to pump 

from several layers. If blank, will default to 0 (negative recharge). 

Depending on the setting in General: Basic Parameters, the pump layer can either be entered once for 

each catchment and will apply to all the land use branches within that catchment, or can be entered 

separately for each branch within each catchment. 

Note: Pump Layer is only used when linked to MODFLOW. 

See also: Soil Moisture Method Calculation Algorithm 

Entered on: Data View, Branch: Catchments, Category: Irrigation, Tabs: Irrigated Area, Lower 

Threshold, Upper Threshold, Pump Layer.  

4.9.3  MABIA Method (FAO 56, dual Kc, daily)  

 Land Use  

(These parameters apply to the MABIA Method. For the FAO Method, see FAO Method, Land Use; for 

the Soil Moisture Method, see Soil Moisture, Land Use.) 

Area 

The land area for a catchment or subcatchment, or the share of land area from the branch above. 

If you want to plant different crops on the same piece of land in different years (crop rotation), you can do 

this with two different branches under the catchment.  For example, if you wanted to plant corn in even 

years and beans in odd years, create two branches (Corn and Beans) underneath the Catchment branch. 

 Enter the actual area for the Area variable on the catchment branch, and set the unit to percent share for 

the Corn and Beans branches.  Use the Step function to alternate between 0% and 100% for each branch: 
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Crops 

Each catchment branch represents a piece of land on which one or more crops is planted each year.  For 

each branch, you need to specify which crop or crops (from the Crop Library) are planted and the planting 

date.  Given the planting date and the crop stage duration, WEAP can determine the end date.  All days 

before the planting date or after the harvest date will use the characteristics of the crop named "Fallow" 

(in the Crop Library).  Use the Crop Scheduling Wizard to choose crop and planting date, or choose one 

of the crop/planting dates already specified on another branch.  Both of these options are available on the 

drop-down menu in the data grid.  There is also an option here to view or edit the Crop Library.  The 

expression created by the Crop Scheduling Wizard will use the CropLibrary function.  It is not possible to 

edit the expression directly in the data grid cell--use the Crop Scheduling Wizard instead. 

For perennial crops and land covers, choose the first day of the water year as the planting date, and make 

sure that the end date is the last day of the water year.  If not, edit that crop in the Crop Library so that the 

stage lengths add up to 365 days. 

Many crops grown for forage or hay receive multiple harvests during the growing season. Each harvest 

essentially terminates a ñsubò growing season and associated Kcb curve and initiates a new ñsubò growing 

season and associated Kcb curve. The resulting Kcb curve for the entire growing season is the aggregation 

of a series of Kcb curves associated with each sub cycle.  To handle this situation, the crop library has 

different entries for the first cutting and subsequent cuttings.  (Search for alfalfa in the crop library to see 

an example.)  Specify multiple crops (in the Crop Scheduling Wizard) for a particular branch, where the 

first crop chosen is that for the first cutting, and the second (and third) crop is for the crop specifying the 

subsequent cutting's parameters. 

Soil Water capacity 

Specify the water holding properties of the soil, including saturation, field capacity and wilt point.  The 

available water capacity (AWC) will be field capacity minus wilt point.  You have four options for 

specifying these parameters (all available on the drop-down menu in the data grid): 






































































































































































































































































































































































































































































































































































