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small so the growers participate in and are used on all types of crops;
many of the same markets and institu-high-pressure sprinklers, which are
tions. The District was initially formedused primarily on truck and decidu-
in 1942 to contract for irrigation water,ous crops; and low-pressure systems,
and in 1965 began percolating water toincluding drip, microsprinklers and
recharge the local groundwater aqui- fan-jet systems, which are also used in
fer. Because of the regional climate each crop group. The use of high- and
and favorable soils, growers in the low-pressure irrigation technologies
District have diverse cropping pat- may reduce water use on fields with
terns, as shown in table 1. Grapes, tit-coarse soils or steep slope by increa’s-
rus, deciduous, truck crops, potatoesing water application uniformity and
and cotton make up 89% of the culti- reducing deep percolation and runoff.
vated acres in the District. There are several important points

We employed a standard multino- to be raised concerning low-volume
mial logit statistical model to estimate technologies and perennial crops in Crop type may influence adoption of low-
the probability that a given irrigation the District. First, low-volume systemsvolume irrigation technology such as
technology woulct be adopted on a such as drip only wet a small area of microsprinklers.

given field. Under this modeling soil. As a result, perennial crops under
framework, if a partioalar crop is in’i- drip irrigation form a smaller root sys-
gated almost solely under one irriga- tern than if gravity irrigation were stated that use of multiple drip emit-
tion technology, the summary statis- used. Many growers feel that this te~s for each tree, and a long transition
tics of the adoption probabilities will makes the crop more susceptible to period using both gravity and low-
not be accurate. In the District, both disease and increases the accumula- pressure systems, allows technology
potatoes and cotton use a high per- tion of salts, which reduces the attrac-switching without damaging crops or
¢entage of high-pressure sprinkler in’i-tiveness of these systems. Second, themaking them susceptible to disease.
gation. In this case it is reasonable to cost of switching to low-volume tech- The District estimates groundwater
combine potatoes with truck crops be-nologies is high. This implies that thepumping costs based-on pumping
cause they have similar production benefits from adopting low-volume depths of groundwater and the energy
characteristics and are irrigated undertechnologies must be substantial in or-cost .for the size of pump needed to lift
each of the technologies considered, der to outweigh the cost of investing water from a given depth. The vari-
However, cotton is not similar to any in the new technology, and that waterable price for surface water is the use
of the other crop types and only uses savings alone may not justify technol-fee that the District charges for each
gravity and high-pressure irrigation, ogy adoption. Finally, many of the acre-foot that is actually delivered; on
Therefore it is necessary to remove perennial crops in the District were average this is $25 less per acre-foot
cotton from the statistical analysis, established prior
Eliminating cotton and combining po-to the introduc-
tatoes with truck crops does not sub- , tion of low- -i: ’ TABLE 1. Irrigation technology and acreage by crop x°.¯ ’;
stantially change the results, volume systems.

Irrigation technologyThe data on land allocation, irriga- Because differ- i=~ ~:i :I~tion technology, cost of water and wa-ent types of root ., =~ ~ .~.2 High- " Low-
ter source were collected by the Dis- systems, develop crop ’ Acreage Gravity pressure pressure
trict. Our study includes truck crops under the different ............ :..: .......
(primarily fresh vegetables), citrus types of technolo- citrus ..: :: " . . 12,0ss 15 1... ¯1 : .~;;. ~. ~4

.Deciduous .11,700 _ . 27 &i~ ~ _~;2~:3’..40trees, deciduous trees and grape vine-gies, growers are Grapes .... . Z3,SSS Sl 2. ¯ a7 ~ ~.::
yards, which make up .76% of the reluctant to switch Truck crops " " 12,8S~ 22- ;.:- 73 ’L.*:~- S

Potatoes 14,721 1 = =. 98 "./ 0planted acreage in the District. There technologies on es- cotton ,’. ¯ :~,~ ~.. 17,286 . 1 99
are 1,493 field-level observations fromtablished perennial

Total . "~ =:’ "" 92,293 25 ..... 49.~ -26
the 1993 growing year in our data set,crops for fear of ....................... :. ~.._;.
which includes ail growers in the Dis-damaging them. TABL’~ =. irrigation techn~,logy and acreage by variable water price
trict who grow the crops listed. The re-This is most evi- ... ,~ .....~:o .... . . ¯ -. . ...:.. Acreage In ~ ~:~
maining acreage is planted in cotton, dent in vizle crops, ..9 y"-.~;~i ."’ ...... Irrigation technology

grains, irrigated pasture and dry-landwhere 61% of the Range of variable High- ¯ . Low-
crops, acreage employs water price Acreage Gravity pressure pressure

We consolidated irrigation tech- gravity irrigation. " " " . 49 .24Less than $30 20,~04 27 ,.. :, .~...~ ....
rtologies into three groups, based on However, in re- $31 to $45, .i 2:"’:~. :~:: ’ : ~4,148:19 382

~      2717..._"’~.~..;;
4948

,2 .~,~o; ~-:,~ ~ 2435 i

the level of pressurization they re- spouse to these $4s to $60 : ’. . ..; ....
$61 to $75 ....̄. 13,844 , 21 "’~ :: . 83 . :. -2:.,48

quire: furrow, flood and border, whichcritidsms some Greater than $75 " 4,615 " ¯ 27 .::~ 59";. :-". 14 :
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[] Low pressure in the next price range, but falls to 14%price. The results in table 3 show
[] High pressure for those acres that pay more than $75whether a specific variable increases[] Gravity

per acre-foot of water. However, it is (+), decreases (-) or does not affect that
~ ~ important to note that only 5% of the probability of technology adoption.

cultivated acreage in the District faces The results indicate that the adop-
~ : a water price of more than $75 per tion of irrigation technologies is highly
g ; acre-foot, so this has only a small ef- dependent on crop type. After control-
~ ~ , ’ fect on our results, ling for field-specific factors, high-
~

~ ~ Soil permeability and field slope arepressure systems are less likely to be
~ the two dimensions used to define adopted on all perennial crop (grapes,

0 ~ __ ~ land quality. These data were collectedcitrus and deciduous); low-pressure
<1 1-3 >.3 from the Kern County office of the technologies are more likely to be

Slope (%)
U.S. Natural Resource Conservation adopted on all perennial crops (table 3).

Fig. 1. Irrigation technology by slope. Service. The data provide soil type forThis finding can be attributed to the
each quarter section. District land physical interaction between high-

than groundwater pumping costs, maps were used to place each field in pressure sprinklers and perennial
Growers in the District pay a relativelythe corresponding quarter section. Per-crops. High-pressure sprinklers dis-
high variable price for water. In 1993 meability and slope were given in perse water over a large area, saturat-
the price ranged from $12 to $57 per inches per hour and percent, respec- ing the crop, which can cause disease
acre-foot for surface water and from tively. Both permeability and slope in many perennial crops as well as
$40 to $88 per acre-foot for groundwa-were given in ranges; the midpoint some annual crops. Therefore high-
ter. However, the District adjusts the was taken and used to construct pressure sprinklers are not used on
fixed fee for surface water so that the weighted averages for each quarter some perennial crops. Under gravity
total price for ground and surface wa- section, irrigation, the results are less pro-
ter are approximately the same, rang- Figure I shows the distribution of nounced but still evident. This corre-
ing from $50 to $110. The price of bothirrigation technology for given slope sponds with the knowledge that many
ground and surface water in the Dis- ranges. Note that as slope increases perennial crops can still be competi-
trict has increased since 1993. the percent of acreage under low- tively grown with the traditional tech-

The wide range of water prices in pressure irrigation also increases. Thisnology under the right growing condi-
the District creates an ideal forum for indicates that the grower’s irrigation tions. However, we found that the
analyzing the effect of price on irriga- technology choice is conditioned on choice to grow annual crops increases
tion technology choices. Table 2 showsland characteristics. The effect of per- the probability of adopting high-
that there is not a dear pattern of tech-meability on technology choice is notpressure irrigation technologies.
nology choice as water price increasesas distinct. The results also show that the adop-
from less than $30 to more than $75 per These data are used with a statisti- tion of low-pressure technology is
acre-foot. For e.xample, low-pressure ir- cal model of technology adoption. Thehighly sensitive to water price. This
rigation is used on 24% of the acreage crops, irrigation technology and agro-finding agrees with standard eco-
that receives water at less than $30 pernomic diversity of the District are es- nomic theory that water-saving tech-
acre-foot. The acreage increases to 35%pecially well suited to give insight intonologies are adopted as the price of

the constraints water increases. However, this does
that growers not hold true for high-pressure tech-

TABLE 3. Effect of variable on probability of technology adoption face when re- nology, which has a negative sign. In

Irrigation technology sponding to the study area, high-pressure irriga-
water policy, tion has been in use since the late

Gravity High-pressure Low-pressure 1950S. Currently high-pressure irriga-
Model results tion is near the top of its diffusionWater pdce - - +

Reid size - + + The model curve; that is, it has been adopted on
Soil permeability -. + + predicts the most crops that it can be productively
Field slope - + + probability that used on. For example, potatoes areReceive surface water - - +

a given irriga- grown almost exclusively under high-
Crops tion technology pressure irrigation (table 1). As a re-

Citrus - - +
Deciduous _ _ + is adopted as a suit, the adoption of high-pressure ir-
Grapes + -~ + function of rigation is not sensitive to changes in
Truck crops - + - crop, land water price in the District. Instead, the(including potatoes) characteristics, results indicate that growers have be-

"+" indicated an increase and "--" indicates ~. decrease in the probability that the water source gun to switch from high-pressure to
irrigation technology will be adopted,

and water low-pressure irrigation. In fact, as the
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Low pressure

price of water has increased over time,ten only high enough ~ 0.6
growers have begun experimenting to run a low-pressure -=      ~ 0.s o
with different types of low-pressure Jr-system. Second, there ., o 0.3 ....... """
rigation on crops that previously usedis an important issue ~. ~ High pressure

0.1 ....high-pressure irrigation. This suggestsof reliability of water 0
that the growers’ response to water supply that has not =,-
policy depends on where a given tech-been addressed. The Water pri~e ($/a~re-foot) ’-
nology is on the diffusion curve ~ a District’s water con-
factor that varies substantially tracts with the U.S. Bu- l:i~. ~. Probab|,ty ot adoption by water pri~e.
throughout California. reau of Reclamation

For a better understanding of the guarantee it only a
effect of water cost on adoption of irri- small amount of Class

"~,_ 05~-_~0.6.
~L°w pressure..gation technoIogies, we calculated and1 priority surface wa-

= =o 0.4-~ ............graphed the change in adoption prob-ter supply each year. Gravity
~ 0.3 -f ...........abiUty as a fun on of water price. AnAlthough historic ly ............

other variables were held at their the District has met a" 0.1 -~ High pressure
mean values. We observed that as thewater demands by 0
price of water increases, growers pumping groundwater "
switch from both gravity and high- with District-owned Soil permeability (inches/hour)
pressure to low-pressure irrigation wells, surface water is
technologies (fig. 2). perceived as a less reli- Fig. 3. Probability of adoption by soil permeability.

Although we found that high- able source of water
pressure technologies are not as sen-than gro- dwater be- "] ......sitive to land quality as low-pressure cause it is under bu- ~ ~ 0.8 "].~Gravityor gravity t - igation technologies, the rea cratic control. 0.6
are important to technology choice, of low-pressure irriga- ~. ~ ~.~Low-pressure irrigation is highly de- tion in areas that re- 0,
pendent on land-quality characteris- ceive surface water
tics, especially field slope. The intro- may be intended to Field slope (%)duction of low-pressure technologies minimize the risk of an
allowed cultivation of land that previ-uncertain water sup- Fig. 4. Probability of adoption by field slope.
ously had been difficuit and costly to ply to perennial crops.
farm due to its topography. VariationsThis is not the case with
in soil permeability and slope have a high-pressure irriga-
dramatic effect on gravity and low- tion, which is used primarily on annual We have verified that there are
pressure irrigation adoption (figs. 3 crops that can be taken out of produc- many determinants of irrigation tech-
and 4). This also indicates that grow- tion if the water supply is limited, nology choice, including crop choice
’ers who have relatively fiat fields with and soil characteristics, in addition to
nonpermeable soils are likely to con- Policy implications water price and. availability. Crop
tinue using gravity technologies rather Our model shows that growers be- choice appears to have a profound el-
than adopt low-pressure technologies,have in a manner consistent with eco-fect on technology choice, as some

Other economists have shown theo-nomic theory. The adoption of varioustechnologies may be incompatible
reticalIy that modem irrigation tech- irrigation technologies can be partiallywith some types of crops. Therefore it
nologies are less likely to be adoptedexplained by a m0del based on an as-is important to consider the crops
on fields with surface water supplies sumption of profit maximization. Thisgrown in a region when implementing
rather than groundwater supplies, observation implies that agricultural policy. Field characteristics are also
This is because it is easier to provide water use can be controlled by chang-important. For example, if a field is
the additional pressure required for ing economic incentives such as waterfiat and has low water permeability, a
pressurized systems with groundwa-price and availability. However, grow-grower is unlikely to switch to a mod-
ter pumping. This holds true for high-ers face rigid constraints related to em irrigation technology. In such a
pressure but not for low-pressure irri- their land and crop experience that case, increases in price may simply re-
lation. There are two explanations forcondition their response to price in- duce retained earnings, with little or
t~’tis. First, the District supplies pres- centives. As a result, policy makers no effect on irrigation technology
surized water to many of its growers, should expect a wide variation in irri- adoption.
However, the pressure is not consis- gation technology choices among In particular we found that low-
tent throughout the District and is of- growers in response to water policy, pressure irrigation technologies are
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decision of when to adopt, depending
on their own particular circumstances.
Best management practices that dictate
agricultural technology choices will
have potentially large impacts on Cali-
fornia growers. A policy that man-
dates when a given technology is to be
adopted will probably be inefficient
because it does not allow for the diver-
sity among growers. Our results show
that California’s highly diverse climate
and soil conditions influence irrigation
technology choices, and a "one-size-
fits-all" policy mandating adoption of
modern technologies is likely to be
highly inefficient.
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