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Preface

Weather and climate influence virtually all phases of production in agriculture and forestry.
The climatic data, either basic or derived, needed for decision-making by Mississippi pro-
ducers are not generally available except in diverse forms and sources. This document com-
piles into one comprehensive source many of those needed data. Data are presented in tabular
and graphical formats covering several aspects of each of the broad areas of moisture, energy,
and derived variables. Specific topics for which data are presented include precipitation,
temperature, freeze dates, solar radiation, day length, evaporation, DD60’s, water
temperature, water balance, and crop water demand. Unavailability of wind and relative
humidity data, as well as data for short time periods, such as hourly, is discussed.
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Selected Climatological Features Affecting
Agriculture and Forestry in Mississippi

Introduction

The suitability of a region for agricultural and
forestry production is strongly influenced by the
climatic attributes of the region. Growth of plants in
any environment is dependent upon the delivery, by
climatic processes, of moisture and energy to the land
surface. Virtually all phases of plant and animal life
— germination, growth and developement, maturity,
yield or productivity, reproduction — are influenced
to some degree by the environmental factors of
weather and climate. Furthermaore, both agricultural
and silvicultural crops are subject to a wide variety
of diseases and insects that are weather and climate
dependent. Principal features of climate that
establish limits for growth and development of ¢rops
and forests are characteristics of moisture, energy,
and quantities derived from the interplay of these
factors.

Many of the basic and most of the derived
climatological variables needed to understand the im-
pact of climate on plant or animal production are not
generally available, or are not available in the form
required, for Mississippi producers. Mississippi
Agricultural and Forestry Experiment Station scien-
tists, the State Climatologist, and Mississippi
Cooperative Extension Service specialists often
receive requests for such weather and climate infor-
mation. The purpose of this document is to present
selected aspects of climatological data that are
available by consolidating a variety of information
from a number of different sources. Some of the in-
formation is in the form of raw data, some is in the
form of derived variables that have been computed,
and some is in a form not usually published but for
which a demand exists.

- Data Sources, Adjustments,
and Presentation

Topics selected for presentation fall into one of three
categories: (1) moisture—precipitation; (2) energy—
temperature, solar radiation, daylength, and evapora-
tion; and (3) derived variables—degree day 60 heat
units (DD80’s), water temperatures, water balance,
and crop water demand. The order of the topics
generally follows a progression from those data most
available to those data least available.

Some of the features portrayed are simple and re- -

quired only that the data be assembled. Others are
complex and required multiple procedures to process
and make the data available. A variety of tables and
figures are used, and several methods were used to
correct for missing data or otherwise adjust records
to ensure the best possible quality and serial con-
sistency of the data. Details of the methods used to
retrieve, correct or adjust, and analyze the data
within each topic are included with the data for each
topic.

Precipitation

Precipitation data presented are monthly totals
observed in each of the 10 climate divisions for the
30-year period 1960-1989, The data are presented in
tables and in ischyet maps.

Tables 1-10 include monthly total precipitation from
representative climate recording stations within each -
of the 10 climate divisions in the state. Data were
retrieved from CD-ROM based on National Weather
Service Cooperative Observation Network records
available through Earth Info, Inc. (Climatedata,
1989). Stations were chosen based upon the quality
and completeness of the records. Missing data were
ingserted into the records by using either the divisional
average or the measurement from the nearest station
for the month in question. Therefore, the data are
serially complete and gquality controlled and are
available in no other published source.

Each table includes monthly and annual totals of
precipitation (inches) for each year, average monthly
and annual totals of the 30-year period, as well as
monthly and annual maximum and minimum
amounts recorded. Monthly standard deviations are
also included. For example, Table 1 (Climate Division
1, represented by Cleveland, MS) shows that there
was a total of 5.83 inches in January 1960, the
average monthly amount for 1960 was 4.38 inches,
and the maximum and minimum monthly amounts
observed in 1960 were 6.47 inches (Dec.} and 2.37 in-
ches (Aug.), respectively. The average for January is
4.42 inches, the maximum for January is 11.54 in-
ches (1974}, the minimum for January is 0.38 inch
(1986), and the standard deviation for January is 2,72
inches.

These same data are presented in a visual format
by mapping the distribution of precipitation across
the state for each month and annually (Figures 1-13).
This information is a unique addition to the Mississip-
pi climatological literature because, in addition to the



10 locations inside the state, data from 11 locations out-

side but near the state boundaries were similarly .

retrieved and processed for use in the mapping pro-
cedure. This addition of data points outside the state
increases the accuracy of the spatial depiction of
monthly precipitation by carrying the analysis across
the borders and thereby negating the artificial con-
straints usually associated with such mapping at-
tempts,

Temperature

Daily maximum and minimum temperature data
for the period 1951-1980 were retrieved from CD-ROM
based on National Weather Service Cooperative
Observation Network records available through Earth
Info, Inc. (Climatedata, 1989). Stations were chosen
from the northern (Water Valley), central {Canton),
and southern (Hattiesburg) parts of the state based
upon the quality and completeness of the records.
Missing data were inserted into the records by using
the measurement from the nearest station for the day
in question. Therefore, the data are serially complete
and quality controlled, and are available in no other
published source.

The adjusted daily data were retrieved into Lotus
1-2-3 spreadsheets (Lotus, 1986) and an average value

was calculated for each day. These average daily
* values, maximum and minimum, were graphed to
show the annual regimes of temperature at the three
locations and to show the spatial differences in
temperature across the state through the year
(Figures 14, 15, and 18). ‘

Also included (Table 11), are probabilities of the first
and last freeze dates and length of the freeze-free
period for the same three locations. These data were
derived and published for these locations and others
in the state by the National Climatic Data Center
(1985), and are included here to enhance the
understanding of the temperature regime as it im-
pacts agriculture and forestry in the state.

Solar Radiation

The solar radiation data were observed at Delta
Branch Experiment Station, Stoneville, MS, and
stored in computer files at Mississippi State Univer-
sity. The data were retrieved and formatted into
Tables 12-23 to provide daily values by month for the
years 1962-1987. The observed values, computed
average, maximum value, and minimum value for
each day as well as the monthly totals are given in
units of calories/square centimeter/day. For example,
Table 12 shows that the observed value for January
10, 1970 is 196 cal/sq cm, the 26-year average for
January 10 is 210 cal/sq em, the maximum observed

for that date is 545 cal/sq cm (1962), and the minimum
observed for that date is 42 cal/sq em (1974). The mon-
thly total for January 1970 is 8035 cal/sq cm.

Day Length

The length of daylight in Mississippi is presented
in Tables 24-26, as computed from equations found in
Duffie and Beckman (1980). Locations in the northern
(Water Valley), central (Canton), and southern (Hat-
tiesburg) parts of the state are used to illustrate the
varying periods of light (hours) across the state dur-
ing the year. For example, on January 1, daylength
ranges from 9.8 hours in the north (Table 24) to 10.0
hours in the southern (Table 26) part of the state,
whereas on June 30, the length of daylight ranges
from 14.0 hours in the south (Table 26) to 14.3 hours
in the northern (Table 24} part of the state.

Evaporation

Evaporation data were retrieved from CD-ROM,
available from the National Weather Service
Cooperative Observation System through Earth In-
fo, Inc. (Climatedata, 1989). The data were retrieved
into Lotus 1-2-3 spreadsheects (Lotus, 19886) for ingpec-
tion and quality control. The raw data were serially
incomplete and contained obvious errors.

In order to produce a serially complete and more ac-
curate daily evaporation record, the raw data were
used to compute an average for each day of the year.
The average was then used to fill in missing daily
values for every year. These daily values for each year
were then graphed on the computer monitor and
visually inspected for abnormally high and low points,
which were noted and subsequently located in the
data files. Adjustments were then made to correct for
the identified errors such as accumulated values
following a long string of missing observations or
typographical mistakes. If the observation in question
appeared obviously wrong but no cause was readily
evident, the average value for that day was
substituted. Less than 4 percent of the observations
were adjusted in this manner, The result of this
tedious procedure yields a reasonably accurate and
complete record of daily pan evaporation,

The adjusted data for Stoneville, MS, were format-
ted into Tables 27-38 to provide daily values by month
for the years 1962-1987. The observed values, com-
puted average, maximum value, and minimum value
for each day as well as the monthly totals are given
In units of inches/day. For example, Table 27 shows
that the observed value for January 10, 1970 is 0.02
inch, the 26-year average for January 10 1is 0.03 inch,
the maximum observed for that date is 0.13 inch
(1984), and the minimum observed for that date is 0.0




inches (observed in 5 years). The monthly total for
January 1970 is 0.54 inch.

In order to depict the envaporation gradient from
the coastal to the inland parts of the state, data from
the nearest sites with complete records (Fairhope, AL
and Stuttgart, AR) were similarly processed. These
data, along with the data for Stoneville, MS, were then
graphed (Figures 17, 18, and 19) to visually show the
evaporation regime across the state by comparing the
annual patterns of daily maximum, average, and

‘“minimum values at the three sites.

Degree Day 60’s (DD60’s)

A degree day 60 (DD6Q) is a heat unit derived by
calculating a daily mean temperature (°F) and sub-
tracting from that value a base temperature of 60°F.
The difference is the number of DD60’s for that par-
ticular day. DD60’s accumulated through a time
period become an index to represent the thermal en-
vironment and can be used to forecast plant growth
and development or heating and cooling re-
quirements.

Daily maximum and minimum temperature data
for the period 1951-1980 were retrieved from CD-ROM
based on National Weather Service Cooperative
Ohbservation Network records available through Earth
Info, Inc. (Climatedata, 1989). Stations were chosen
based upon the quality and completeness of the
records and to represent major agricultural produc-
ing areas of the state. Missing data were inserted in-
to the records by using the measurement from the
nearest station for the day in guestion. Therefore the
data are serially complete and quality controlled.

Average daily temperatures were computed using
the maximum and minimum data. These daily
averages were then departed from the 60 °F
threshhold to compute the daily heat units, which
were then summed by 7-day periods based on stan-
dard climatological weeks of the average growing
season for Mississippi. Probabilities for accumulation
of DD60’s for any given week during the growing
season were computed by use of empirical quantile
methods.

Tables 89-46 present the mean, maximum, and
minimum DDG0 accumulations as well as the stan-
dard deviations and probabilities at 10 levels for each
week. For example, Table 39 shows that, for the week
beginning May 3, the average weekly DD60 ac-
cumulation at Canton, MS is 60, the maximum and
minimum accumulation over the 30-year peried is 110
and 2, respectively. The standard deviation for that
week is 27.7. The table shows that there is a 90%
chance of receiving at most 94 units, and, reading
from the bottom, a 90% chance of receiving at least
27 units.

The tables can also be used to assess the ac-
cumulated amounts of heat units for given time
periods through the growing season at stated levels
of probability by summing within columns. For exam-
ple, Table 32 can be used to find that at most 992 units
accumulate by the end of June at Canton, MS at the
50% probability level. For that same time period, the
table shows that at most 1,225 units can be expected
90% of the time.

Water Temperature

With the rapid expansion of commercial
aquaculture in the state in recent years, the need for
a climatological data base of water temperatures is
apparent. A 36-year record of pond water
temperatures has been derived by establishing a rela-
tionship between existing air and water temperature
records (Wax et al., 1987). Figure 20 shows the daily
average morning and afternoon pond temperatures
(°F) at Stoneville, MS as derived from the predictive
model. The figure shows that afterncon pond
temperatures average above 60 °F for about 9 months,
and that morning pond temperatures average above
60 °F for about 8 months each year. The figure also
shows that average pond temperatures do not exceed
88 °F nor fall below 47 °F.

Water Balance

Evaluation of the daily amounts of water added to
landscapes by precipitation and lost from landscapes
by evaporation provides an accounting of moisture
fluctuations resulting from climatie processes. Such
a water balance approach has been used to assess the
impact of climatic variability on pond surfaces
seasonally, annually, and spatially (Pote and Wax,
1938; Wax and Pote, 1990). The results of this method
can also be used to reveal the important interplay be-
tween precipitation and evaporation that
characterizes the drying potential, field work poten-
tial, and wet-dry periods on a daily basis across the
state.

Figures 21, 22, and 23 show results of a daily com-
parison of precipitation (P) and evaporation (E) at
Fairhope, AL, Stoneville, MS, and Stuttgart, AR for
the period 1962-1986. These sites were chosen to il-
lustrate the coastal-to-inland gradient in the water
balance existing across the state. For each day, loss
of moisture by evaporation and gain of moisture by
precipitation were computed and cumulatively summ-
ed through the period. Cumulative patterns of P-E for
the average year, the wettest year, and the driest year
of the 26-year period were graphed for each location.

Comparigson of results at the different locations
documents the potential for precipitation to exceed




evaporation on a cumulative basis through the year
across the state, and illustrates the differing and
sometimes extreme amounts of climatic variability ex-
perienced in the state on a day-to-day and an annual
basis. For example, the cumulative curve of the
average year at each site shows that P exceeds F all
year in the coastal environment (Fairhope), but that
E begins to exceed P in the central (Stoneville) and
northern (Stuttgart) parts of the state about the first
of August and the middle of July, respectively. The
figures also show that there are years when either P
or E can dominate, on a camulative daily basis
through an entire year at all locations because P-E
is consistently positive or negative.

Crop Water Demand

Quantifying crop water demand involves two steps:
(1) estimating potential evapotranspiration (PE} to
represent the demand of the atmosphere for water;
and (2} medifying the PE by use of crop coefficients
to account for the physiological demand of different
crops at different phenoloical stages. Pote and Wax
(1986) calculated crop water demand for five Mississip-
pi crops using measured pan evaporation modified by
a correction coefficient of 0.8 and further modified by
crop coefficients as established by U.S. Department
of Agriculture (SCS, 1970). Tuble 47 presents the
water demands of those crops on a weekly basis
throughout their growing seasons in Mississippi bas-
ed on their emergence dates.

Data Not Included

This document has been prepared in response to the
many requests for weather and climate information
directed to MAFES scientists and the State
Climatologist. Many such requests are for data that
do not exist or are not available at the time and space
resolution needed. Wind, humidity, dew point
temperatures, amount and types of cloud cover, and
many other characteristics of the atmosphere are
observed and archived for publication at only three
sites in Mississippi — the first-order weather stations
of the National Weather Service at Jackson, Meridian,
and Tupelo. Hourly or shorter-period observations are
likewise limited in the state.

Many observations of the above variables are made
in the state by privately-owned weather stations, by
networks associated with research projects, and by
other public and private agencies. However, these data

are not routinely stored in data sets and none are
published. They are, therefore, effectively unavailable
to the general public and have not been included in
this document. It is anticipated that some of these
presently unavailable data will become more routine-
ly available in the future, but there is currently no
good mechanism for storing, retrieving, quality con-
trolling, and publishing these data.
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