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Evapotranspiration for the island of Maui.
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Soil water percolation for the island of Maui.
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irrigation and ralinfall distribution
for six months for the wet site.
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AGRICULTURAL METEOROLOGY INFORMATION SYSTEM
AND ITS APPLICATION

T Liangand M. A. Khan
Agricuttural Engineering Department

University of Hawaii at Manoa
Honolulu, HI 96822, U.S.A.

ABSTRACT

The need for an agricultural meteorology information system was discussed. Its application to
agriculture was illustrated by demonstrating the capability of using such a system for simulating
evapotranspiration, soil moisture change, water shortage or stress days and land productivity. The
dynamic hydraulic characteristics of sites as a resuit of weather influence, were also displayed. The
organization of a meteorology information system was discussed and a rational approach for synthesizing
weather records from sparsely located weather stations, to provide simulated weather variables for

all sites in an area, was also briefly explained.

INTRODUCTION

Environment determines the production performance of crops and livestocks. Climate and soil
are essentially the environment. All countries survey their soils and maintain weather stations at a
considerable cost. However, soil and weather data are not actively used by agriculturists. Obviously,
there exist obstacles which prevent people from using these data resources. The following seem to be
the reasons for the underuse of these valuable data: |

1. Data gaps: weather stations tend to be unevenly distributed leaving large areas with no weather
data at all (see Figure 1).

2. Weather data isolated: weather data becomes more useful when related data such as soil pro-
perties are also available and stored with reference to a common coordinate system.

3. Lack of efficient spatial analysis and models: weather data are most frequently used for land
quality delineation and other comparative analysis of the characteristics of different sites. These
analyses or synthesis, requiring handling of large amount of data, require efficient models and
computation methods.

An information system capable of eliminating these obstacles will, undoubtedly, promote the use

of weather data and turn this raw data into a valuable resource. A few examples are provided to

demonstrate the need for such an information system.
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APPLICATION EXAMPLES

The Agricultural Engineering Department of the University of Hawaii has been developing such
an information system for the State of Hawaii since 1976 (Liang 1986). This system has been applied
to many problems (Khan and Liang, 1986, Zijauddin and Liang, 1986, Liang et al., 1986). In addition
to weather data, the system also includes soil and socio-economic data for retrieval and processing.
Only a summary of some applications of this system is included in this paper to demonstrate the
usefulness and the need for making weather data .easy to access and interpret.

Potential Evapotranspiration magnitude from a land parcel is determined primarily by the solar
energy impounding the land while type of crop and other climatic variables such as wind and humidity
influence actual ET. Calculation for estimating ET for a single site or a small area is simple. However,
it can be a major task when a large area must be evaluated. The difficulty is compounded especially
when weather data are not available for the entire area. The map in Figure 2 shows magnitude of ET
for the island of Maui with an area of 700 square miles (1813 square kilometers).

Soil Moisture is of concern to anyone engaged in agriculture. A water budgeting computation can

be performed to estimate soil moisture at a given site using Eq. 1.

MiH=Mi+Pi+Ii—‘ETi—qi—Ri (N
where
= soil moisture at the beginning of day i (cm)
P. = precipitation on day i (cm)
1. = irrigation on day i (cm)
ET. = evapotranspiration on day i (cm)

qQ = percolation on day i {cm)

=
i

water runoff on day i (cm)

Besides ET, rainfall and soil properties such as infiltration rate, crop cover and slope are important
variables which affect the soil moisture. Figure 3 maps the soil moisture distribution of the island of
Maui on a given day.

Percolation is another important piece of information which is of interest to those who are con-
cerned with environment and water conservation. Percolation is largely responsible for carrying excessive
fertilizer and toxic pesticide or chemicals into precious groundwater (Figure 4).

Stress Days per year, usually referring to the number of days when soil moisture fails below wilting
point and plants suffers from insufficient water, is a good indicator for determining water adequacy.
The map in Figure 5 shows the areas where high stress days are likely to happen and to avoid for crop
production unless supplemental irrigation can be supplied. The computation time for obtaining the
information in Figures 2 to 4 took approximately 10 hours on a 80386 microprocess or based personal
computer.

Land Productivity for a given crop depends on soil moisture, temperature and other land based
factors. The map in Figure 6 shows where the most productive lands for macadamia nut are situated on
the island of Maui. The map also identified the areas where macadamia nut production should be

avoided.
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The regression model used to evaluate land productivity is presented in Eq. 2 (Liang and Wong,
1983).

Y=—-136.778 — 0.087X, +2.850X; +5.359X; +1.360X, — 0.006X,

(-2.94) (-2.10) (2.31) (12.69) (1.98) (-2.14) (2)
Where:
X, = Total number of stress days in July, August and September.
X, = Mean annual temperature (°C).
X3 = Age of the tree (ysars). This variable must be greater than 4 and less or equal to 9.
X, = Total annual potential evapotranspiration (¢cm).
Y = Annual yield per tree (kg in-shell nut).

R-squared =0.83 SE=3.56 sample size =58

The above applications are examples for characterizing the averages of a site. Often, agriculturists
like to know the dynamic characteristics of sites for planning of either field experiments or economic
planting of crops. Soil moisture change and other related water variables over time are examples of
this nature (Figures 7a, 7b, 7c, 8a, 8b, 8c). Figures 7 and 8 display these variables for a dry and a wet
site respectively. This information can be used to plan for irrigation and other management practices

associated with crop and livestock production.

THE INFORMATION SYSTEM

The information in the examples shown previously may take vears to obtain without an informa-
tion system, which can process raw weather data, extrapolate/interpolate these data to fill data gaps,
organize all data including weather data according to a common reference frame, collect- commonly
used synthesis or analysis models and provide easy linkage between data and models for interpreting
data into useful information. The information system used in this publication is called HNRIS which
stands for Hawaii Natural Resource Information System. The various components of HNRIS and their
relationship are displayed in Figure 9.

The most difficult task of developing an agricultural meteorology information system is to condense
the large amount of weather data from sparsely located weather stations. The details of modeling these
data for information system development are described elsewhere (Singh and Liang 1988). The rationale
and the general approach in the synthesis of these data are briefly discussed below. The methodology
used the procedures developed for stochastic modeling of climatic characteristics of a weather station
(Richardson 1981). For estimating the climatic characteristics of an area from records of weather
stations, the FASTCLUS (SAS 19821) procedure was used to group the weather stations in an area into
uniform clusters based on the similarity of the time distribution of a weather variable over the year. The
procedure ensures that the time distributions of the weather variable (in fraction of total annual value)
over the year for the stations within a cluster are more similar to each other than to stations belonging
to other clusters. Even though the time distributions of a weather variable within a cluster were similar

for all the stations, the magnitude of the weather variable varied from station to station. The procedure
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generally produced clusters of stations spatially in the vicinity of each other. The boundaries around
the clusters were determined by the common topographical or geographical features, or by the range of
climatic variables that was common to most of the stations within the cluster. The annual total
magnitude of the weather variables for all parcels within a cluster were estimated by interpolation.
This clustering approach based on distribution similarity reduced the data storage requirements for
modeling stochastic climatic characteristics of an area substantially. '

This system has been used extensively in Hawaii for land use planning, agricultural technology

transfer, environment protection and many other resource related problems.
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