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Presentation Purpose and Outline
Purpose: Improve how water is managed using water budgets as 
a water accounting tool.

Segment 1: Considerations for Development of a Water Budget

Segment 2: Methods for calculating water budget components

Segment 3: Applying the handbook to modeling and non-modeling 
approaches

Segment 4: Responses to common questions and links to 
additional resources



Segment 1: Considerations for 
Development of a Water Budget



California has a history of estimating water budgets 
to plan for the future of the state.

12 California Water 
Plans published to date



Recently, California passed a variety of legislation 
that relates to water budgeting.

2014 – Sustainable Groundwater Management Act
http://leginfo.legislature.ca.gov/faces/codes_displayexpandedbranch.xhtml?
tocCode=WAT&division=6.&title=&part=2.74.&chapter=&article

2018 – Water Conservation Legislation: Assembly 
Bill 1668 and Senate Bill 606
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720
180AB1668
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720
180SB606

http://leginfo.legislature.ca.gov/faces/codes_displayexpandedbranch.xhtml?tocCode=WAT&division=6.&title=&part=2.74.&chapter=&article
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180AB1668
https://leginfo.legislature.ca.gov/faces/billTextClient.xhtml?bill_id=201720180SB606


2014 – Sustainable Groundwater Management Act

California Water 
Code § 10721(y) 
“Water budget” 
means an accounting 
of the total 
groundwater and 
surface water 
entering and leaving 
a basin including the 
changes in the 
amount of water 
stored.

http://leginfo.legislature.ca.go
v/faces/codes_displaySection.
xhtml?sectionNum=10721.&la
wCode=WATSource: Best Management Practices for Sustainable Groundwater Management: Sustainable Management Criteria

http://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?sectionNum=10721.&lawCode=WAT
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Groundwater-Management/Sustainable-Groundwater-Management/Best-Management-Practices-and-Guidance-Documents/Files/BMP-6-Sustainable-Management-Criteria-DRAFT_ay_19.pdf


2018 – Water Conservation Legislation

California Water 
Code §10826(c)
Include an annual 
water budget based 
on the quantification 
of all inflow and 
outflow components 
for the service area 
of the agricultural 
water supplier. 

http://leginfo.legislature.ca.g
ov/faces/codes_displaySectio
n.xhtml?sectionNum=10826.
&lawCode=WAT

Source: Making Water Conservation a California Way of  Life

http://leginfo.legislature.ca.gov/faces/codes_displaySection.xhtml?sectionNum=10826.&lawCode=WAT
https://water.ca.gov/-/media/DWR-Website/Web-Pages/Programs/Water-Use-And-Efficiency/Make-Water-Conservation-A-California-Way-of-Life/Files/PDFs/Final-WCL-Primer.pdf?la=en&hash=B442FD7A34349FA91DA5CDEFC47134EA38ABF209&hash=B442FD7A34349FA91DA5CDEFC47134EA38ABF209


However; water budgeting is not restricted to 
responding to legislation or geography.

Water availability is an important concern in the 21st 
century. Ensuring sustainable water supplies requires 
an understanding of the hydrologic cycle—how water 
moves through Earth’s atmosphere, land surface, and 
subsurface. Water budgets are tools that water users 
and managers use to quantify the hydrologic cycle. A 
water budget is an accounting of the rates of water 
movement and the change in water storage in all or 
parts of the atmosphere, land surface, and 
subsurface. Although simple in concept, water 
budgets may be difficult to accurately
determine.

-Robert M. Hirsch
Associate Director for Water

USGS Circular 1308-2007



Rather; water budgeting is what helps us to manage 
water more effectively.

Thousands have lived without love, 
not one without water. 

— W. H. Auden
‘First Things First’ (1957)

Water is the driving force of all nature
— Leonardo Da Vinci



A water budget is an essential element in water 
resources management.



The Water Budget Handbook is the outcome of two 
water budget pilot projects conducted by DWR.



INCONSISTENT
DEFINITIONS

While conducting pilot projects, DWR identified 
several factors hindering water budget development.



While conducting pilot projects, DWR identified 
several factors hindering water budget development.

NONSTANDARD 
WATER 

ACCOUNTING

Source: https://www.myexcelonline.com

https://www.myexcelonline.com/


While conducting pilot projects, DWR identified 
several factors hindering water budget development.

POOR 
DOCUMENTATION

Source: 
https://twitter.com/mariofusco/status/781579431856967680

https://twitter.com/mariofusco/status/781579431856967680


The Water Budget Handbook is a single-volume, 
technical reference for developing water budgets.



Sections 1 and 2 focus on foundational concepts 
of water budget development.



The total water budget is a comprehensive 
accounting of inflows and outflows.

Section 1 content



A common vocabulary for each component of 
water budget is included in the handbook. Section 1 content



A common vocabulary for each component of 
water budget is included in the handbook. Section 1 content



A standardized accounting template will improve 
organization and communication of water budgets.

LAND SYSTEM WATER BUDGET

TOTAL WATER BUDGET

GROUNDWATER SYSTEM WATER BUDGET

SURFACE WATER SYSTEM WATER BUDGET Section 1 content



A water budget can be developed using a modeling 
approach and/or a non-modeling approach.

The modeling approach refers to using 
an integrated numerical model that 
includes simulation of  processes in the 
land system, surface water system, and 
groundwater system at various time scales, 
such as daily, monthly, or annually.

The non-modeling approach is an 
accounting method that uses a 
combination of  assumptions, process
equations, and available basic 
meteorological, hydrologic, and other 
related data to develop spatially and 
temporally lumped estimates of  various 
water budget components.

Section 2 content



Several decision trees are available to guide 
approaches to water budget development.

Section 2 content



Detailed guidance on documentation of water 
budgets is available to improve communication.

Section 2 content



Segment 2: Methods for calculating 
water budget components



Sections 3, 4, and 5 of the handbook focus on the 
land, surface water, and groundwater systems.



Section 3 focuses on methods for estimating each 
component of the land system.



The land system includes many land use types 
with guidance to address components of each.

AGRICULTURAL 
LANDS

MANAGED 
WETLANDS

URBAN 
AREAS



Applied water use is an important calculation, integral 
to the understanding of the land system water budget.

AGRICULTURAL LANDS URBAN AREAS



Each component in the land system water budget 
includes multiple methods for estimation.



Each component in the land system water budget 
includes multiple methods for estimation.



Method 3 for calculating applied water provides a 
springboard to estimate other components.



The handbook provides step-by-step instructions.



The steps include calculations and reference tables.



The Handbook provides examples of component  
calculations.

AW

AW Reuse

Return
Flow

Recharge of
AW & Precipitation



Tables provide irrigation system information.



The Handbook provides example calculations.

Applied Water Reuse

Return Flow

Recharge of Applied Water



Section 4 focuses on methods for estimating each 
component of the surface water system.



Quantifying change in storage and mass balance
error is important to fully understand each system.



Section 5 focuses on methods for estimating each 
component of the groundwater system.



Recharge of applied water and precipitation is a 
critical inflow to the groundwater system.



To support optional tracking of a managed aquifer 
recharge program, stored water is separated from GW.



Also included in the handbook are methods to 
estimate change in groundwater storage.



Segment 3: Applying the handbook 
to modeling and non-modeling 

approaches



Sections 6, 7, and 8 provide case studies and how-
to-guides to help users apply the handbook.



Section 6 is a case study to apply the handbook 
using a non-modeling approach.



It contains a worked-out example of developing a 
water budget and documenting it.



Section 7 explains how to develop a water budget from 
inputs/outputs of an Integrated Water Flow Model.



Section 8 explains how to develop a water budget from 
inputs/outputs of a MODFLOW-OWHM model.



Section 9 is the Data Resources Directory, cataloging 
sources of data to help develop water budgets.



Let’s say I want to estimate evapotranspiration. Section 
3.4 has information but what if I want more sources?

Evapotranspiration



The Data Resources Directory provides data 
sources organized by water budget components.



Each resource page includes a one/two-page 
summary of information about the data source.



Segment 4: Responses to common 
questions and links to additional 

resources



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… avoid double counting when creating a water 
budget?



How can the handbook help me if I 
want to…
… avoid double counting when creating a water 
budget?

Section 1 contains a standardized accounting 
template and common vocabulary that will help 
ensure no component is counted more than once 
when compiling a water budget.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… decide whether or not to develop a model to 
estimate a water budget?



How can the handbook help me if I 
want to…
… decide whether or not to develop a model to 
estimate a water budget?

Section 2 contains discussion and flowcharts to 
help identify what methods would be most 
appropriate based on your purpose of developing 
a water budget.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… document the water budget work that I have 
done, but don’t know what information I should 
record?



How can the handbook help me if I 
want to…
… document the water budget work that I have 
done, but don’t know what information I should 
record?

Section 2.12 provides guidance on documenting a 
water budget to increase understanding and 
provide for knowledge transfer.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… estimate water budget components?



How can the handbook help me if I 
want to…
… estimate water budget components?

Sections 3, 4, and 5 provide multiple methods, 
sources of information, steps, and examples for 
estimating water budget components.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… find examples of applying the water budget 
standard accounting template in a physical 
setting?



How can the handbook help me if I 
want to…
… find examples of applying the water budget 
standard accounting template in a physical 
setting?

Section 6 has an example of developing and 
documenting a water budget using the standard 
accounting template for a region in California.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… use one of the two most commonly used 
integrated flow models in California to develop a 
water budget?



How can the handbook help me if I 
want to…
… use one of the two most commonly used 
integrated flow models in California to develop a 
water budget?

Sections 7 and 8 have detailed instructions and 
quick reference tables for how to develop a water 
budget based on IWFM or MODFLOW-OWHM.



How can the handbook help me if I 
want to…



How can the handbook help me if I 
want to…
… develop a water budget but cannot find 
appropriate data sources for various methods?



How can the handbook help me if I 
want to…
… develop a water budget but cannot find 
appropriate data sources for various methods?

Section 9 has a detailed list of resources and a 
cross-reference table to help you easily identify 
sources of data for water budget estimation.



The Handbook is available on DWR’s Groundwater 
Management, Data and Tools page under “reports.”



Also available from that page are some FAQs and  
the Water Budget Story Map, a story of innovation.



The templates and data from the Handbook are 
available from the CNRA Open Data Platform.



A recording of an Interactive Public webinar on 
Challenging Water Budget Topics is available.
• Link: https://www.youtube.com/watch?v=U1V4V-SG5jY

Top 4 Survey Responses

https://www.youtube.com/watch?v=U1V4V-SG5jY


Put the handbook to work to meet your needs and 
provide feedback to improve the product.

Comments can be submitted to Abdul Khan, by:
‒ Email: cwpcom@water.ca.gov
‒ Fax: 916-651-9289
‒ Postal mail: California Water Plan Update 2018

Strategic Water Planning Branch
Division of Planning
California Department of Water Resources
P.O. Box 942836, Sacramento, CA 94236-0001



Q & A
Please submit your content-related questions in the webinar’s Q&A box. The moderator will read your 
question aloud. 

Administrative questions can be placed in the ”Chat” box.
84



IoW Contact Information:
internetofwater@duke.edu
https://internetofwater.org/

SAP2P Network:
Website: https://internetofwater.org/state-agency-p2p-network/
Webinars: https://internetofwater.org/webinars/ 

Final Notes

Follow-Up Information
• Links to the webinar recording and 

slides will be distributed once 
posted

Poll: Please participate in a quick poll!

Thank you for your 
participation!

Join us for continued conversation 
at the IoW P2P Forum:

https://stateagencyforum.internetofwater.org

mailto:internetofwater@duke.edu
https://internetofwater.org/

