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WHITE PAPER NO. 1: SUMMARY OF LAND USE AND WATER USE

INTRODUCTION AND BACKGROUND

The King’s River Conservation District (KRCD) was founded in 1951 and is a public agency that
acts on behalf of the entire Kings River service area. The Upper Kings Basin Districts, which
include the Alta Irritation District (AID), the Consolidated Irrigation District (CID), and the
Fresno Irrigation District (FID), are working together with other stakeholders in the region
through a Water Forum process to develop integrated water management plans. The California
Department of Water Resources (DWR) is supporting the Upper Kings Basin Districts by
providing technical support and facilitation services to the Water Forum. Briefing materials in
the form of “White Papers” and presentations will be used to inform stakeholders, identify
issues and opportunities, and assist local entities in making decisions on how to best manage

and develop available water supplies.

WHITE PAPER OBJECTIVES

The objectives for White Paper No. 1: Summary of Land Use and Water Use are to:

| Describe factors that affect water demand from agricultural, urban, and
environmental water uses.

] Explain the relationships between land use and water demand.

] Describe the approach used in the Basin Assessment Report (BAR) to evaluate

current and future water demands.

L] Summarize current and future water demands for the Upper Kings Basin.

ROLE OF WATER DEMAND ANALYSIS IN BASIN PLANNING

Evaluating the regional water budget is an important element in

water supply planning and includes analysis of current water Integrated water resources

demands and forecasting of future water demands. Once the management involves making
best use of the available
surface and groundwater
supply and the surface and
solutions for development of reliable water supplies. Water groundwater storage to meet
supply sources in the KRCD water portfolio include local surface the local‘ 46"1‘1’?”15 n ‘?ll kinds
of conditions, including wet,
normal or dry years.

demands are calculated they may be compared to the available

supplies to identify supply problems and formulate alternative

water, imported surface water, groundwater, and reclaimed

water. Storing water, whether in surface water reservoirs or in

the groundwater basin, is a critical component for meeting water

demands in semi-arid areas like Fresno, Tulare, and Kings County.
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Land Use and Water Use

dwater st is far 1 than th: f ter st i
Groundwater storage is far larger than the surface water storage in Pine Flat can hold a total of

the KRCD area. Though there is a large amount of groundwater in 1.0 million acre-feet while
storage, it has been determined that the groundwater resources are the regional groundwater

basin storage has been

lowly being depleted. Thi that on th t
slowly being deplete is means that on the average more water estimated at 35 million

is being removed from groundwater storage than is being put back acre-feet. Not all the

into the groundwater basin by natural and planned recharge. groundwater in storage is
economically feasible for

Water demands for agricultural, municipal, and environmental extraction.

purposes were evaluated in a Basin Assessment Report (WRIME,
2003). Agricultural water demands may be further categorized by the type of crop. Municipal
demands include residential, commercial, industrial, and other public or governmental uses.
Public uses include irrigation of parks and greenbelts. Environmental water demands need to
be accounted for in an integrated water resources plan and include instream flow requirements
to protect fisheries and riparian areas, or for diversion and use in wetland or wildlife
sanctuaries. These “beneficial uses” of water are recognized in the state laws governing water
rights and water quality.

WATER DEMAND EVALUATION APPROACHES AND CONSIDERATIONS

A common method for determining water demand is to evaluate

land use maps and determine the acreage for each land use For a single family dwelling,
water demand is reported in

the media as ranging from 1/3

each of the different land use categories can then be used to and 1 acre- foot per residential

category. The average unit water requirements or water duties for

determine the total amount of water demand for the planning area. unit. Suburban densities of
six units to the acre would

) ) ) ) mean residential water duties
per acre of land each year and is typically measured in units of could vary from 2 to 6 acre-feet

An annual unit water duty is defined as the amount of water used

acre-feet. An acre-foot is the amount of water that would cover one per acre.

acre one foot deep. This planning approach allows for analysis of
different land use scenarios and testing water demand assumptions. Water duties for the
different types of land use may vary between regions based on climate, management practices,
delivery systems, and other factors.

APPLIED WATER AND CONSUMPTIVE USE

The distinction between applied water use and consumptive water use is important for
understanding the Upper Kings Basin water demand. Applied water is the amount actually put
on an irrigated area to meet the water needs of the plant, whether that plant is a residential
lawn, a field of alfalfa, or a citrus orchard. Crop consumptive use of water is synonymous with
the term evapotranspiration or ET. ET is a measure of the water transpired by plants, retained
in plant tissue, and evaporated from adjacent soil surfaces over a specific period of time. It does
not include water that percolates into the groundwater aquifer or tail water run-off from the
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Land Use and Water Use

irrigated area. Applied water use is the total amount of water that is diverted for irrigation
purposes. It is equal to the consumptive water use, plus the water lost to percolation or runoff,
and minus the water that is naturally in the soil root zone from precipitation.

Average annual rainfall in the planning area is roughly 10 inches, while the average annual crop
water requirement is in the order of 50 inches. The difference between the rainfall and average
crop water requirement must be made up by irrigation if a healthy crop or landscape is to be
maintained. Unit applied water requirements may include the system delivery losses to
estimate the amount of water that would actually need to be released from a dam or diverted
from a stream. In general, applied water use is the preferred measurement for local planners
because it allows the water suppliers to know approximately the volume of water they need to
divert, pump, and deliver to meet water demands.

IRRIGATION EFFICIENCY

Another important term relating to agricultural water demand is irrigation efficiency. Irrigation
efficiency is defined as the fraction of applied water that is consumptively used by the crops. In
the Upper Kings Basin, irrigation efficiencies range from 40% to 90% and are based on many
factors including: crop type, irrigation methods, cropping patterns, soil types, land slope,
agricultural water prices, and losses in the conveyance of water to the farm. Improvements in
these factors and on-farm water management increase the irrigation efficiency and reduce the
applied water requirements.

It is important to understand that these factors do not change the consumptive use for a crop.
The consumptive use for the crops is the water needed to maintain a healthy and vigorous plant
and varies with ET. ET depends on uncontrollable factors such as temperature and wind. For
this reason the consumptive use of the whole Upper Kings Basin is primarily related to crop
types and climate variation.

When on-farm irrigation efficiency is low, the applied water will either run-off the farm field or
percolate into the groundwater basin. Deep percolation of applied surface water is an
important component of the overall groundwater budget and source of groundwater recharge.
The surface water applied through irrigation in one area may runoff and be available for other
downstream beneficial uses. Use of surface water instead of pumping groundwater is known
as “in- lieu” recharge since such the exchange leaves groundwater in storage for times when
surface water is not available. Improving irrigation efficiency is important because it reduces

the need for diversion of surface water and would leave water in storage in Pine Flat Reservoir.

KEY DATA SOURCES

This White Paper draws from water demand analysis that was performed in the Upper Kings
Basin Assessment Reports (WRIME 2002 and 2003). It also uses DWR Bulletin 166-4 (1994),
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range of numbers reported for unit agricultural water requirements. For example, citrus
orchards using micro sprinklers and drip systems may have water unit water requirements

much lower than the average.

ENVIRONMENTAL WATER DEMAND

Environmental water use is defined as water that is reserved or managed for environmental
purposes. Environmental water demand does not include water that is consumed naturally. In
an average year, 65% of precipitation in the Kings River watershed evaporates naturally or
percolates into the soil and is consumed by natural vegetation. This water never becomes run
off and never percolates into the groundwater basin. Environmental demands are met by the
35% of remaining precipitation that does runoff. Environmental demands include Wild and
Scenic River flow, instream flows, bay-delta outflows, and wetlands.

In the Upper Kings Basin, some water is dedicated to meeting environmental demands. In
1964, the California Department of Fish and Game set an instream flow requirement of 50 to

100 cubic feet per second (cfs) below Pine Flat Dam to sustain fish and wildlife. However, this
requirement is not restrictive for most of the year. The Kings River is not designated a Wild and
Scenic River below Pine Flat Dam, so there is no water requirement for this purpose. During
summer months, the large quantities of water that are released to meet agricultural demands
are also used to cover the instream requirement. During the winter months, Mill Creek and
Hughes Creek, tributaries to the Kings River below the Pine Flat Dam, naturally feed the Kings
River to meet the instream flow requirement. There is also a small area of managed wetlands
that require Kings River water; however, the demand for these wetlands is less than 10,000 acre-
feet per year. There is no bay-delta outflow requirement because historically the Kings River
water did not flow north to the San Joaquin River and eventually out to the San Francisco Bay
(KRCD, 1997).

Water dedicated to environmental uses cannot be put to use for other purposes in the location
where the water is reserved; however, it may be put to other uses further downstream. An
example was presented above where water that eventually will be used for agriculture is used
for instream flow upstream of where it is diverted out of the Kings River. Another example is
the mainstream of the Kings River and the South and Middle forks above 1,590 feet elevation.
These stretches of River are designated as Wild and Scenic Rivers and have water reserved for
this purpose. However, after flowing through this section of river the same water is then used
to meet urban and agricultural demand once it reaches the valley.

FUTURE WATER DEMAND ANALYSIS

Forecasting future water demands requires predicting future land use. Each county in
California has a Local Area Formation Commission (LAFCO). Each city and county in
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California is required to have a “General Plan” that presents anticipated future land uses and
growth patterns. For each city within the KRCD area, the respective County LAFCO assists in
mapping the sphere of influence (SOI) to document where the city will grow. The LAFCO data
was used because it provides a consistent set of information for each of the cities in the KRCD
area in a format that supports a planning level analysis.

Future agricultural land use is more complex and there is no way to accurately predict cropping
changes that may occur due to future economic conditions, changes in consumer preference, or
for other reasons determined by the grower. For planning purposes it is assumed that future
agricultural land use is the same as current use with the exception of the loss of agricultural
land due to urban development. In addition, other lands, especially native vegetation, may be
developed as agricultural (or urban) lands in the future.

The projected land use distribution based on the Fresno LAFCO SOI data is shown on Figure 4.
Figure 5 presents the projected land use activity by major category. The figure also shows the
total future water demand. Urban land uses will increase from 8 to 11 percent of the total
demand, with agriculture falling from 92 to 89 percent of the total. By 2020, 38,000 acres of new
urban land is expected in the Upper Kings Basin; 31,000 of which will be agricultural land that
is converted to urban use (WRIME, 2003).

Figure 6 presents the projected agricultural land uses and associated water demands.

Projected water demands were calculated using the future land use data and applying the same
water duty values that were used in the estimate of the current water demand. Water demand
is projected to decrease by 57,000 acre-feet, a relatively small percentage of the total demand of
1,500,000 acre-feet (WRIME, 2003). The small change in total demand is attributable to the
relatively small difference in water duty between agricultural and urban lands.

Appendix A provides Table A.2 and Table A.3, which contain numerical data and calculations
for land and water use in the Upper Kings Basin (WRIME, 2003). Table A.2 summarizes the
calculation of the current and projected water demands for the Upper Kings Basin using DWR
land use surveys and using water duties based on analysis provided by the KRCD. Table A.3
provides current and future land use for each of the irrigation districts in the Upper Kings
Basin.

PLANNING TRENDS AND IMPLICATIONS

UNIT WATER DEMANDS AND WATER CONSERVATION

This analysis was based on the assumption that agricultural and urban water duties will not
change in the future. There have been improvements in urban and agricultural water

conservation throughout the State and KRCD region, and the emphasis in water conservation
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Land Use and Water Use

Land Use Water Demand
(Acres) (Acre-Feet)
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1,203,700

@ Agriculture
405,100

Figure 5. Projected 2020 Land Use and Water Demand
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Figure 6. Projected 2020 Agricultural Land Use and Water Demand

will continue to reduce the unit water requirements. Changes in water duties are difficult to

predict and depend on management and socioeconomic factors, but the trend for reductions in
water use is expected to continue due to investments in irrigation technology, improvements to
water management and delivery systems, increased public awareness, and regulatory changes.

Urban water deliveries will likely decrease as people become more educated about water
conservation and as more areas in the Upper Kings Basin are metered. For example, water use
is expected to decrease from 285 gpcd to 263 gpcd in the city of Fresno and from 298 gpcd to
268 gpcd in the Tulare Lakes region (DWR, 1998). Agricultural water demands are likely to
decrease and irrigation efficiencies increase as growers and water districts continue to invest in
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water saving technology and in response to potential water price increases that may result due

to increased competition for the available supply.

The trend towards increased irrigation efficiency and reduced urban water demand may be

offset by potential increases in ambient temperature associated with global warming.

URBAN DENSITY AND LAND USE

In many areas there has been an increase in the proportion of multi-family to single-family
housing and this trend would cause greater population density per acre of land and smaller lot
sizes, which increase the number of residential units per acre. These higher densities would
tend to decrease per capita water demand because multi-family homes and homes on smaller
lots would generally have a much lower outdoor water use requirement than large lot single-
family homes. This is offset by the overall increased population that may serve to increase the
actual water demand. Actual water demands for planned development merit a higher level of
scrutiny with more detailed methods than those that were applied in the Basin Assessment
Report, which was conducted on a regional scale and for broader planning purposes. Also,
Urban Water Management Plans required pursuant to the California Water Code provide the

basis for more close evaluation of current and future urban water requirements.

RECLAIMED WASTEWATER

Increases in urban water use result in higher sewage treatment capacity requirements.
Reclaimed wastewater may be cost effective and should be reviewed as a potential source of
supply in context of the integrated water management plan. Urban Water Management Plans
are required to investigate the potential for increasing reclaimed water use.

AGRICULTURAL TO URBAN LAND CONVERSION

The change from agricultural to urban land use must be viewed in context of the overall water
budget and water management regime and the trend toward conversion of agricultural land

use to urban land use raises some important issues, as follows:

L] Increased Reliance on Groundwater. Urban uses in much of the KRCD planning
area rely on groundwater pumping. Changes from agricultural to urban land
use imply an increased demand on groundwater. This increase in groundwater
demand could contribute to overdraft.

L] Decreased Groundwater Recharge. Changes in land use from agricultural to
urban use also may affect the water budget if the land use change includes a shift
from surface water to groundwater and the associated reduction in deep
percolation of the applied irrigation water. Agricultural water delivery canals
and other delivery facilities such as operating reservoirs also serve to recharge
groundwater and this recharge may be lost in land conversion. Converting lands
from agricultural to urban use creates more impermeable surfaces and may
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result in more surface runoff and less recharge to the ground water basin during
rainfall events.

L] Water Quality Requirements. Urban uses require higher water quality than for
irrigation water. Drinking water standards are established by the California
Department of Health Services and water for urban uses must meet a much
higher standard than for agricultural water.

L] Seasonal Needs. Urban water use is relatively constant throughout the year as
compared to agricultural which has much higher demand in the summer
growing period. This changes the delivery and operational requirements for
water delivery systems.

L] Drought Response and Reliability. Urban demand cannot be reduced as readily
as agricultural demand in times of drought. For example in a major drought,
cropland can be left idle and not irrigated, but residential water needs will
continue and require higher reliability. Though a generally positive trend,
increased urban water conservation serves to “harden” urban demands and
make reductions during drought much harder to achieve, also implying a higher
supply reliability requirement.

These general statements are provided for purpose of discussion. The effects of land and water
use conversion will vary by region based on the underlying physical conditions. Looking
exclusively at changes in demand, without regard to the overall water supply picture, may
result in improper conclusions. Changes must also be put in context of the overall regional
water budget and water management regime in the KRCD area.
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Table A.1
Agricultural Water Requirements for Selected Foods & Fibers

Applied Water Demand (acre-feet/acre)

Crop Low High
alfalfa 3 4.25
almonds 1.75 2.5
apricots 2 3.5
apples 2 3.5
avocados 25 3
barley 0.67 1
cabbage 1.75 3
cantaloupe 2 3
carrots 1.75 3
cherries 2 3.5
oranges 2.5 3
lemons 2.5 3
grapefruit 2.5 3
cotton, lint 2.5 3
cotton, lint + seed 2.5 3
corn, grain 1.5 2.25
grapes 2.5 3.5
lettuce 1.75 3
oats 0.4 0.6
olives 2 3.5
onions 1.75 3
peaches 2 3.5
nectarines 2 3.5
potatoes 2.75 3.5
rice 6 15
sorghum 1.5 2
sugar beets 2 3
tomatoes, fresh 2 3
tomatoes, processing 2 3
walnuts 3 4
wheat 1 1.5

Source: California Department of Food and Agriculture (1987)



Table A.2
Estimated Water Demands Based on Land Use Data and Consumptive Use
Water Duties in the Kings River Basin

Current Conditions Projected 2020 Conditions Change

Area @ | Water Duty @ | Water Demand | Area ® | Water Duty @ | Water Demand | Area | Water Demand

(Acres) |(Acre-Feet/Acre)| (Acre-Feet) (Acres) | (Acre-Feet/Acre) | (Acre-Feet) (Acres) (Acre-Feet)
Agriculture
Citrus and Subtropical 18,777 35 65,718 18,186 35 63,651 -591 -2,067
Deciduous Fruit and Nut 114,690 4 458,758 107,232 4 428,928 -7,458 -29,830
Field Crops 46,114 2.5 115,284 39,896 2.5 99,741 -6,217 -15,543
Grain 7,779 15 11,668 6,470 15 9,705 -1,309 -1,964
Idle 3,086 0 0 2,182 0 0 -903 0
Pasture and Alfalfa 31,703 5.1 161,686 27,161 5.1 138,521 -4,542 -23,165
Truck, Nursery and Berry 9,997 1.8 17,995 6,451 1.8 11,611 -3,546 -6,383
Vineyards 194,234 2.3 446,737 188,273 2.3 433,028 -5,961 -13,709
Semi Ag and Incidental to Ag 10,174 2 20,349 9,269 2 18,539 -905 -1,810
Total (Agricultural) 436,553 1,298,196 405,121 1,203,724 -31,432 -94,472
Other
Native Vegetation 21,917 0 0 16,744 0 0 -5,173 0
Water Surface 2,623 0 0 1,478 0 0 -1,146 0
Total (Other) 24,540 0 18,221 0 -6,319 0
Mupnicipal & Industrial
Urban 81,420 1.0 81,420 81,420 1.0 81,420 0 0
Commercial 5,879 1.0 5,879 5,879 1.0 5,879 0 0
Industrial 543 1.0 543 543 1.0 543 0 0
Urban Landscape 2,278 1.0 2,278 2,278 1.0 2,278 0 0
Residential 8,120 1.0 8,120 8,120 1.0 8,120 0 0
Vacant 9,082 1.0 9,082 9,082 1.0 9,082 0 0
New Urban 0 1.0 0 37,752 1.0 37,752 37,752 37,752
Total (M&I) 107,321 107,321 145,073 145,073 37,752 37,752
Total (Ag + M&I) 543,874 1,405,517 550,194 1,348,797 6,320 -56,720
Total 568,414 1,405,517 568,416 1,348,797 1 -56,720

@ DWR land use surveys for Fresno County (1994), Tulare County (1993), and Kings County (1986). Area represents only
developed land (agricultural and urban).

@  Urban duty estimates are consumptive use requirements based on net indoor and outdoor water use. Agricultural water duty
estimates are applied water requirements based on analysis provided by KRCD. Other areas do not contribute to the water
demand, and average water duty calculation.

@  Current land use modified based on Fresno County LAFCO Sphere of Influence data to reflect increased urbanization around

existing cities.




Table A.3
Land Use Data for Current and Projected 2020 Conditions in the Upper Kings Basin

Current Condition "

Projected Condition @

Change from Current Condition

Percent Percent
Agricultural Agricultural Agricultural Decrease in| Increase in
Area Urban Area| Other Area | Total Area Area Urban Area| Other Area | Total Area Area Urban Area| Other Area | Agriculture Urban
(Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Acres) (Percent) | (Percent)

Alta Irrigation District

AID-Fresno County 25,448 3,798 3,079 32,326 24,479 4,987 2,860 32,326 -969 1,189 -219 -3.8% 31.3%

AID-Kings/Tulare West 59,370 1,916 5,317 66,603 58,494 2,848 5,261 66,603 -876 932 -65 -1.5% 48.6%

AID-Kings/Tulare East 27,431 3,284 1,977 32,692 26,360 4,376 1,956 32,692 -1,071 1,092 -21 -3.9% 33.3%

AID TOTAL 112,249 8,998 10,373 131,620 109,333 12,211 10,077 131,621 -2,916 3,213 -296 -2.6% 35.7%
Consolidated Irrigation District

Southwest CID 79,685 4,037.5 4,887 88,610 77,707 6,402 4,500 88,610 -1,978 2,365 -387 -2.5% 58.6%

Northeast CID 61,988 9,075.4 3,178 74,241 56,799 14,794 3,178 74,772 -5,188 5,719 0 -8.4% 63.0%

CID TOTAL 141,672 13,113 8,065 162,851 134,506 21,197 7,678 163,381 -7,166 8,084 -387 -5.1% 61.6%
Kings River Conservation District

KRWD 11,450 291.8 3,057 14,799 11,224 563 3,012 14,799 -226 271 -45 -2.0% 92.9%

KRWD Total 11,450 291.8 3,057 14,799 11,224 562.8 3,012 14,799 -226 271 -45 -2.0% 92.9%
Fresno Irrigation District

Western FID 109,629| 11,894.9 4,842 126,366 103,224 19,342 3,800 126,366 -6,405 7,447 -1,041 -5.8% 62.6%

Fresno/Clovis Metropolitan 10,647| 61,305.3 4,189 76,141 3,113 72,975 53 76,141 -7,534 11,670 -4,136 -70.8% 19.0%

Eastern FID 40,730] 11,718.6 4,187 56,637 34,451 18,786 3,401 56,637 -6,280 7,067 -787 -15.4% 60.3%

TOTAL FID 161,007 84,919 13,218 259,144 140,788 111,103 7,254 259,145 -20,219 26,184 -5,964 -12.6% 30.8%
TOTAL 426,378| 107,321 34,714| 568,414 395,851| 145,073 28,022| 568,947| -30,527| 37,752 -6,692 7% 35%

"'DWR land use surveys for Fresno County (1994), Tulare County (1993), and Kings County (1986)

@ Current land use modified based on Fresno County LAFCO Sphere of Influence data to reflect increased urbanization around existing cities.
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