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Part Three concludes a three part series highlighting key content from the recently released 2016 Water Inventory and Analysis 

Report (WI&A report). 

        here does the water come from and where does it go?  Water budgets put numbers to this question 

        and help tell the water story for a particular area or system.  Quantifying each part of a physical 

system helps reveal which pieces are most significant, how each piece compares to the whole and other 

parts of the system, how they change in relation to each other and how they change over time.  In the 

water world, estimating numbers for different parts of a hydrologic system is called a ‘water budget’.  It’s 

much like a financial budget that estimates income and spending for a set period of time (i.e. inflows and 

outflows of money to a bank account).   
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Water budgets can be developed for different systems or for portions of a system. The defined system of a 

water budget will define the specific inflows and outflows. Effective groundwater management is typically 

based on a water budget that covers the entire system: both the land surface and groundwater systems.  

Since the entire system is complex and groundwater pumping and deep percolation are unmeasured and 

largely unknown, the first step is to develop a water budget focusing on the dynamics and processes 

occurring at the land surface to estimate these important terms.  In the 2016 WI&A report, water budgets 

are developed for the ‘Land Surface’ system. The ‘land surface’, which includes the root zone, is 

characterized by various land use and water management activities including irrigated agriculture, managed 

wetlands, native vegetation, and urban areas. Inflows into the land surface area come from three sources: 

precipitation, surface water deliveries, and groundwater pumping. These water sources were described in 

Part II of this Highlights series. Water that leaves the land surface/rootzone, referred to as “outflows”, is 

either taken up by plants (evapotranspiration), becomes surface water runoff, or moves out of the rootzone 

and potentially into the groundwater system (deep percolation). While the water budget for the land surface 

portion provides an important building block, there are other parts of the groundwater system that are left for 

future analysis.  Not included in the land surface budgets is a full accounting of inflows and outflows of the 

groundwater system including subsurface inflow and outflow and accretions/depletions from streams. There 

are also other various recharge sources or shallow groundwater used by plants that is not accounted for in 

the land surface water budgets.  Land surface water budgets provide a significant foundation for a complete 

water budget. 

The WI&A report presents overall 

annual average land surface water 

budgets and annual water budgets 

for the valley floor area and each 

of the four groundwater subbasins 

within Butte County (Vina, West 

Butte, East Butte, and North Yu-

ba).  The report also includes wa-

ter budgets for the three major land 

use categories:  irrigated agricul-

ture and wetlands, developed 

lands, and non-irrigated lands.  The pie charts make it easy to compare the different pieces of the system 

relative to others.  For example, the Valley Floor pie chart (Figure 1) shows the overall water budget for the 

valley portion of Butte County.  In the valley, the largest water source is precipitation followed by applied 

surface water and then groundwater pumping.  The primary destination of these inflows (i.e. outflow) are 

evapotranspiration followed by runoff/return flow, and then deep percolation.  If instead of the overall budg-

et, we were to look at just the non-irrigated lands budget (not pictured), the story is quite different.  In this 

case, precipitation is the only inflow and the primary outflows are evapotranspiration, deep percolation, and 

then runoff/return flow.   

The estimates for each component of the system reflect characteristics of the land surface/rootzone such as 

land use types, soil properties, surface characteristics influencing runoff, and water management practices.  

Individual water budgets for each of the groundwater subbasins reflect the unique characteristics of their 

respective region.  The report includes overall budgets for each subbasin.  The ‘inflow’ pies show which 

subbasins are more or less dependent on groundwater vs. surface water and how precipitation compares to 

those other managed inflows.  Evapotranspiration is always the largest outflow, but the balance between 

deep percolation and runoff/return flow varies between regions.  In addition, the total magnitude of inflows/

Butte County Valley Floor, 2,040 taf 

Figure 1: Overall Average Annual Inflows and Outflows, 2000-2014. 
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outflows greatly varies; for example 169 thousand acre feet (taf) for North Yuba compared to 1,170 taf for 

East Butte.  Knowledge of local land use, water management, hydrology and climate help explain why these 

water budgets differ in different regions and overtime.   

Since systems 

experience a 

multitude of 

changes such as 

climate, land use, 

cropping, water 

source, etc., 

developing annual 

water budgets 

helps capture and 

reflect changing 

conditions over 

time.  Annual water 

budgets help 

identify how these 

different drivers affect the overall water budget.  Land surface processes are complicated but crucial for 

estimating important inflows/outflows to the groundwater system that we often do not have direct 

measurements for, including groundwater pumping and deep percolation.  Therefore, understanding and 

quantifying what happens at the land surface helps us better interpret and understand groundwater 

conditions.  It’s an important foundation and first step toward managing groundwater.   

Figure 2 shows the yearly water budget for the valley floor.  Generally, applied surface water was relatively 

steady from year to year between 2000 and 2014, with greater variability in groundwater pumping.  In 

general, pumping increases in dry years due to increased irrigation requirements for non-rice crops resulting 

from decreased precipitation.  With respect to outflows, total evapotranspiration is relatively steady over 

time, with variability in deep percolation and surface water runoff varying largely in proportion to annual 

precipitation. For each water year, the water year type is indicated for each year in parentheses.  Examining 

water budgets for the different regions and different land use categories within those regions helps us 

understand the effects land use and water management practices have on water supply and demand.   

 On the valley floor overall, irrigated agriculture and wetlands represent the primary use of 

water and rely mainly on surface water for irrigation.  

 Of total groundwater pumping, 91% serves irrigated agriculture and wetlands, 8% munici-

pal/industrial, and 1% rural residential demands.  Significant agricultural acreage and 

some urban areas are completely dependent on groundwater for their water supply.   

 The magnitude of inflows/outflows varies widely by subbasin (and subinventory unit) and 

land use category.  Each subbasin has unique land and water use characteristics reflected 

in its water budget.   

 Annual groundwater pumping, particularly for orchard crops, is largely influenced by pre-

cipitation that helps offset irrigation demands. 

 Periods of drought result in increased groundwater pumping and significantly decreased 

deep percolation. 

Figure 2: Butte County Valley Floor Overall Water Year Inflows and Outflows, 2000-2014 
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 Continue work with local stakeholders and cooperative landowners to document diversions and verify 

and refine groundwater pumping estimates  

 Further investigate the fate of deep percolation from agricultural lands and refine water budgets for devel-

oped lands.   

 Further evaluate water budgets from historical and current drought periods to better understand factors 

contributing to recent historic low groundwater levels in some areas. 

 Identify and evaluate additional options to adapt to future demands and climate change 

 Continue process of updating and calibrating the Butte Basin Groundwater Model. 

 Continue outreach to educate and inform the public regarding water resources in the County and to gath-

er additional insights. 

 Continue to assess the use of WI&A information to support development of Groundwater Sustainability 

Plans under the Sustainable Groundwater Management Act. 

Complete results on the County’s Historical Water Demands and Supplies can be found in Section 5 of the 

report (pages 5-1 to 5-48).  This section provides lots of figures and tables of water budgets for the valley 

floor overall and each of the four subbasins:  Vina, West Butte, East Butte and North Yuba.  Also, included 

in Appendix C are water budgets for individual sub-inventory units that correspond to the County’s Basin 

Management Objectives program.   

The entire report is available on our website http://www.buttecounty.net/waterresourceconservation/

WaterInventoryandAnalysis. 
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