%
7

in addition to crops throughout the state, CiMiS weather data is used to irrigategolf
courses, parks and cemeteries more efficiently.

Publicly funded weather database
benefits users statewide
Doug Parker

o

Daniel R. Cohen-Vogel

The California Irrigation Management Information System (CIMIS),
deveioped and operated by the
California Department of Water
Resources, was assessed using a
UC Cooperative Extension survey
and the CIMIS user database. We
found that the benefits of the program far outweigh the state cost
of about $850,000 per year. Statewide, 363,816 agricultural acres
are under CIMIS, with annual estimated benefits of $64.7 million.
Fresno and Kern counties receive
the largest net benefits, while
Santa Barbara and Ventura counties have the highest benefits per

a

Daniel E. Osgood

a

David Zilberman

acre. According to our calculation, statewide agricultural water
applications are reduced by
107,300 acre-feet annually. Initially
designed for irrigation management, CIMIS weather information
stations benefit a host of other agricultural and nonagricultural activities such as pest control and
water use by parks and golf
courses. Using general economic
principles, we also assessed alternative scenarios for future management of CIMIS, such as charging fees or continuing its
operation as a publicsector resource.

Government expendituresin agriculture are subject to growing scrutiny,
and criteria for their selection and continued support are increasingly tied to
a project's net economic benefit rather
than its public benefits alone. We
evaluated the returns of one such government investment, the California Irrigation Management Information System (CIMIS),and found that it
provides significantbenefits through
both traditional and unpredicted alternative applications.
CIMIS was created in 1982 by the
California Department of Water Resources (DWR)and UC to encourage
weather-based, water-budgeting
methods of irrigation. Using evapoCALIFORNIA AGRICULTURE, MAYJUNE 2000
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of pest-control advisors (PCAs)are estimated to be using CIMIS. While this
study focused primarily on irrigation
benefits, the benefits in pest control
may be just as significant.
CIMIS adoption and benefits increase with crop value and water
costs. Users with plentiful and inexpensive water use CIMIS for purposes
other than water conservation, such as
pest control. Within a region, heterogeneity among farm-specific factors
determines patterns of adoption. In
addition to water costs and crop value,
irrigation technology, farm size, land
quality, and water-district and farmadvisor educational programs are important determinants of CIMIS adoption. When many of the above
determinants do not vary, adoption of
CIMIS is dependent upon the level of
human capital (e.g., education, experience) that the grower brings to irrigation management.
A large increase in the number of
growers and consultants using CIMIS
occurred around 1989, at the height of
the drought (Parker and Zilberman
1996); the number of registered users
increased three-fold between 1986 and
1993. Urban irrigation consultants
credit the Water Conservation in
Landscaping Act of 1990 (AB 235) with
row-crop growers. Pistachios, alnonuniformities (Grattan et al. 1998).
monds, celery, lettuce and cauliflower increasing their client base and influCIMIS is.the only public source of ET
encing decisions to use CIMIS. Similar
obtain large benefits per acre. There is
data in California. The data it generlaws, in combination with weather unalso significant adoption in certain
ates are provided as a wholesale good
field crops, particularly alfalfa and cot- certainty, offer major incentives for
to irrigation consultants, newspapers,
adoption of CIMIS and other water-efton. While the survey found users in
radio stations, the National Weather
ficient
technologies.
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counties,
more
than
65%
of
the
user
Service, water districts, and other
acreage is in the San Joaquin Valley
freely accessed databases (such as the
Estimating irrigation benefits
UC Statewide Integrated Pest Manage- (fig. 1).
The methodology devised to estiResidential landscapers and citrus
ment Project’s IMPACT and Fresno
mate the statewide benefits from
and avocado growers in urban areas
State’s AT1 Net). Some users then reCIMIS involved a two-tiered survey.
report some of the largest per-acre
sell the data, often in a refined or augWe first surveyed a subset of CIMIS
benefits among CIMIS users. Golf
mented form, adding value to the
users to collect data on actual benefits,
courses, parks and cemeteries use
original information. Users may also
particularly
yield and water-use
large
quantities
of
relatively
expensive
access the CIMIS system directly via
changes attributed to CIMIS adoption.
water and have sophisticated irrigamodem or the Internet.
This information was used to estimate
Today CIMIS has both local-agency tion systems that permit them to take
full advantage of the ET data provided benefits per acre of each crop in a
and private-sector support. In miduser’s portfolio. Growers accrue inby CIMIS. Many consultants use
2000, the state owned fewer than half
of the more than 100 weather stations, CIMIS data to design irrigation sched- creased benefits because of improved
yields and reduced water costs. These
uling services. Other consultant seralthough it continued to provide the
centralized computer facility as well as vices include irrigation system design, benefits are functions of economic
variables such as prices of crops and
pest control, soil evaluation, equipcalibration and quality control. Local
water, but they also depend on the efment and software sales, landscape
agencies purchase and maintain their
ficiency of water use in response to lodesign and historic water-use evaluaown stations and provide the sites
(from 9 to 20 acres per station, often on tion. In some counties, more than 25% cal weather. To predict benefits to in22
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dividual growers, a linear benefit
equation was fitted (Osgood et al.
1997). (The reduced-form equation
was B = p + p R + p W, where B is total dollar benejits p& acre, R is revenue per acre, and W is a biological
crop water-use proxy based on the
crop's ET rate and local weather. W
was multiplied by the price of water
to convert from acre-feet of water to
dollars.)
We then conducted a second survey
of UC Cooperative Extension advisors,
who provided 104 estimates of the
fraction of adoption by specific crop
and county. The per-acre benefits from
the first survey were combined witb
these acreage estimates to arrive at an
estimate of county and statewide benefits from CIMIS.
We estimated a statewide total of
363,816 agricultural acres in 22 counties under CIMIS and calculated the
annual statewide agricultural benefits
to be $64.7 million (table 1).Fresno
and Kem counties, with the greatest
number of acres using CIMIS, also receive the largest net benefits. Santa

Barbara and Ventura counties have the
highest benefits per acre, due to high
value crops, such as winegrapes and
tree nuts, and the high cost of water.
Extrapolating from these results, we
estimate that agricultural use of CIMIS
reduces statewide applied water by
107,300 acre-feet annually.

size is often associated with higher
prices (Parker and Zilberman 1993),
while decreased pest damage can improve selling price by increasing quality grades. Finally, CIMIS may reduce
the risk to crops associated with
weather variability, allowing more
stable farm revenues.

Other agricultural benefits
This analysis of CIMIS does not
have the scope or the data to quantify
several known additional benefits to
agriculture. However, qualitative data
demonstrated that CIMIS is used extensively by PCAs in integrated pest
management (IPM) programs. Growers also access CIMIS when making
their own pest-management decisions.
Benefits from CIMIS may thus include
less pesticide use (in pounds), fewer
applications (a benefit to worker safety
as well as a cost savings), higher quality crops, and reduced risk of crop
damage.
Although we have estimated only
changes in water use and volume of
output, CIMIS also produces gains in
crop quality from improved water
management and pest control. Better
water management can mean
healthier, larger fruits and reduced
problems from mold. Increased fruit

Nonagricultural benefits
Golf courses, parks, cemeteries and
landscapers use CIMIS to keep lawns
and shrubs healthy with minimum
water use. We estimated 8,778 acres of
turf and landscaping under CIMIS.
This acreage is concentrated in Southem California and in Santa Clara
County. Users estimated that they reduced applied water by 5,793 acre-feet
annually, saving $2.3 million. In many
cases (school districts, parks) these
savings accrue to government entities.
For example, the California Department of Transportation uses CIMIS to
schedule irrigation of 300 acres of ornamentals and shrubs in the Fresno
area. The agency reports a 20% to 40%
decrease in applied water, at a savings
of $1,500 per year. At least two water
districts use CIMIS to allocate water
supplies or set water prices. The Irvine
Ranch Water District uses the information to set its yearly block price rates,
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ClMlS data saves an estimated 107,OOO
acre-feet of water annually in California.

saving an estimated 1,500 acre-feet per
year or $236,250. The Fox Canyon
Groundwater Management Agency
uses CIMIS to set its water allocations,
and the Monterey County Water Resources Agency is considering a similar approach.
Many other CIMIS uses are unrelated to water management (Cohen et
al. 1998).One private investigator accesses CJMIS to determine road friction variables for legal cases involving
road accidents. The Santa Clara
County Vector Control District uses it
to track mosquito populations. A geothermal power plant incorporates
CIMIS historic weather records in its
temperature regulation, and the San
Diego Air Quality Control Board uses
CIMIS solar radiation measurements
to help monitor ambient air quality.
CIMIS data have been used in many
research projects whose benefits go beyond the scope of this report. In addition, the secondary benefits from reductions in irrigation runoff, pesticide
drift and agricultural water use have
significant multiplier effects.

Should ClMlS be public or private?
Private-sector benefits would seem
to justify public expenditures for
CIMIS. However, the state may wish
to reassess its role in managing and financing its share of the program. Alternative structures include user
charges and privatization. While issues of ownership preclude charging
for or privatizing the local portions of
the system, the state could charge for
24

information from its own weather stations and institute a fee for access to
the statewide computer network. Alternatively, these portions of the system could be privatized.
User fees. There are a number of
scenarios and potential fee structures
under which CIMIS users could be
charged (table 2). Problems include the
need to create an accounting system to
collect and handle the fees, the need to
differentiate between state-owned and
local sources of information, the potential for sharing information (similar
to software piracy issues), and the loss
of some users who will not be willing
to pay a fee.
When considering these options,
DWR must look at the ability of users
to pay for services. More importantly,
it must consider the lost private and
public benefits that could result from
decreased use. Charging users for
CIMIS information could offset operating costs, but would slow adoption
and discourage water conservation.
In addition, user charges could slow
the diffusion of CIMIS into nontraditional applications. Further, DWR
could face equity concerns in identifying and charging for the diversity
of CIMIS uses.
Privatization. On the other hand,
privatization of DWRs share of CIMIS
would reduce the state's costs and
might make the system more flexible
and responsive to users. For example,
private companies could tailor the
data to their client needs. The private
sector already profits by refining and
selling CIMIS data, sometimes in conjunction with a range of other services
and technologies. If, as one consultant
put it, CIMIS were run "like a business
rather than a bureaucracy," it would
be more responsive to customers.
While we would expect an initial decrease in use if customers were
charged, we might then see use increase from more aggressive marketing and responsive service packages.
However, if the CIMIS network
were broken up under a privatization
plan, there would be a loss in benefits
currently generated by the standardized statewide system. Many growers,
consulting firms, researchers and pub-
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lic agencies use multiple stations
across many areas. For example, a
statewide network is important to
IPM users, who track pest emergence. If the system were not maintained as one unit, or if uniformity
of data across the state and over
time were compromised, these users
might lose the benefits they had enjoyed under the public agency.
Diffusion of a new technology is
a continuous process. Many CIMIS
users take advantage of the system
to cheaply learn how to manage irrigation more efficiently, which can be
considered a public good. The program helps to educate growers
about the value of weather information for irrigation management.
Some growers (most often of highvalue or water-sensitive crops) will
see enough value from such information to install and customize their
own weather- and soil-monitoring
systems. CIMIS provides the educational process to lead these growers
on the path to precision agriculture
methods. Growers of low-value and
water-tolerant crops may find the
value of CIMIS to be marginal and
choose to discontinue its use. The
majority of growers fall between
these two extremes, and a statewide
CIMIS program will continue to provide benefits to them.

Benefits of access to ClMlS
Our analysis of CIMIS finds that
it provides significant benefits to
California through both traditional
and unexpected applications. Decision-makers will need to take this
array of benefits into account when
deciding how the system will meet
the state's future needs. Large revenue benefits to farmers and urban
irrigators, educational and informational benefits from research, and
the many other direct and indirect
benefits from CIMIS suggest that it
has monetary and environmental
value to California that might be reduced if users are charged. The
source of the charges, whether levied by a state agency or the private
sector (were CIMIS to be privatized),
would not change the outcome.

The surprising number of altemative uses for CIMIS provides an impetus for additional research on the
intended and unintended benefits of
this type of public program. There is
also a need for additional work to
provide a more inclusive analysis of
users accessing data through altemative outlets (such as newspapers, radio, ATI Net, and other sources) and
of the multiplier effect from information sharing.
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Energy balance measurements over an avocado orchard near Camarilio to estimate
svapotranspiration.

Avocado and citrus orchards
along the coast may use less
water
Mark E. Grismer

Q

Richard L. Snyder

Most citrus and avocado wateruse studies have been conducted
in inland orchards; however, orchards located in coastal areas
are subject to cooler temperatures
and foggier atmospheric conditions. To develop coastal area
crop coefficients (Kc values) for
irrigation management, we measured orchard consumptive water
use (ETc) from two different commercial orchards located near
Ventura. In addition to coastal climate variability, the ETc measurements were complicated by the
wide variability in field soil, slope
and elevation. On average, we
measured Kc values of 0.46 for
young lemons, 0.52 for mature
lemons and 0.64 for mature avocados. These values were slightly
less than those published, perhaps as a result of greater fog
conditions in the orchards as
compared to those occurring at
the nearest reference ET stations.

P Ben A. Faber

Urbanization of Southern California
coastal regions continues to press the
remaining agricultural sector to use
water more efficiently in orchard production. Orchards and other permanent crops are of particular concern
because they require water year-round
and cannot be economically "fallowed" during drought years, when
municipal water demands may reduce
agricultural water allocations. Although citrus groves once covered the
southern valleys of the state, the remaining citrus and avocado groves are
now largely found in the inland valleys east of Riverside, Orange and San
Diego counties and along the coast
from Ventura to San Luis Obispo. The
growing conditions of these two areas
differ because reference evapotranspiration (ETo)of the inland valleys is
greater and more variable due to increased temperatures and reduced fog
conditions as compared to the coastal
areas.
In general, there is limited wateruse data available for citrus and avo-
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