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The Thornthwaite, Blaney-Criddle, and Holdridge
methods of calculating evapotranspiration have been
applied in a broad range of climatic regimes. Each
model has proved in certain éreas to yield more accu-
rate results than the other two depending on the soils
and climate. This research examines the applicability
of the three methodologies for prediction of actual
evapotranspiration in eastern North Carolina.

Soil moisture retention was calculated with the use
of Bouyocos gypsum blocks on ten soil series under a
uniform stand of field corn (Zea mays L.). Field obser~
vations were conducted twice weekly, while rainfall,
temperature, humidity, and crop growth stages were
continuously monitored. From the soil moisture reten-
tion values, AE was calculated which was then compared
to each of the computed values of the three methodolo-
gies being examined. Correlation coefficients indicated
substantial agreement between the predictive ability of
the three methodologies but revealed a weak relationship
between the actual data and the three methodologies.

The predicted values had a tendancy to lag behind
the actual moisture release values as evidenced by the

moisture stress on the crop. On the average the methodo-



logies deviated from the actual values by 20% but this

does not emphasize these periods when actual.soil mois-
ture would be as little as 5 mm in the rooting zone and

the predicted values would indicate moisture in the rooting
zone to be as high as 55 mm (a range of error of 110%).
This large departure could severely endanéer crops if
irrigation periods were based upon these thecoretical
predictions.

The theoretical data was subsequently divided into
four 25% categories from the highest to the lowest mois-
ture holding values and a correction factor was derived
for each category. This corrected data was then compared
with the actual data and yielded significantly stronger
correlations than the previous comparison. This correc-
tive alteration of the theoretical methodologies could
prove invaluable in the determination of irrigation prac-
tices and serve as a guideline for further experimenta-
tion on predictive moisture-exchange models in other

climatic regimes.
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INTRODUCTION

The recognition of the need for an adequéte water
supply is constantly observed by man. One aspect of
moisture about which man is very aware is that of water
availibility for plant growth. All to frequently the
supply of moisture is the factor most recégnized with
little attention being focused on the loss of moisture to
the atmosphere from the earth's surface. 1In regions with
high seasonal or annual temperature regimes the atmospheric
demand for moisture is intense. Research performed at the
North Appalachian Experimental Watershed near Coshocton,
Ohio, revealed a water loss from an open lake surface to
be as much as .177 inches per day at a mean daily temper-
ature of 71.8 degrees Farenheit (McGuinness, 1972).
Although moisture release from a soil body is not of the
magnitude of the above example, the atmospheric moisture
demand remains large.

Recently geographers have turned their attention to
the earth's hydrologic system and its related problems.

At one time this field of study was largely limited to
meteorologists, agriculturalists, and hydrologists.
Geographers are now seeing the hydrologic system as having
extreme geographic ramifications in terms of the biologic
activities occurring in specific areas.

As increased numbers of areas are sampled for soil

moisture flux, the understanding on the exchange of



moisture between the surface-air interface increases.
Differing climatic areas and soil bodies account for
large variations in behavioral character of moisture
exchange.

If potential evapotranspiration can be accepted as
a function of climate only, which most researchers
believe is the case, the quéstion then arises whether by
analyzing climatic parameters, the PE may be estimated.
In thé professional literature at least a dozen methods
have been proposed that this can be done. This thesis
examines the methodologies of Thornthwaite (1948),
Blaney-Criddle (1950), and Holdridge (1959), comparing
the predicted moisture exchange obtained using each
method with actual observed values.

These three techniques for estimating evapotrans-
piration have been tested in many parts of the world.
In some experiments very positive results have been
recorded. In other tests the results have proven grossly
inaccurate. This study is designed to enhance the geo-
graphical knowledge of surface moisture exchange and to
examine the possibility of deriving a correction factor
for soil texture differences which can be incorporated
in the above methodologies.

The selection of eastern North Carolina as the study
area broadens the scope of the field as this area has not
previously been monitored comparing theoretical moisture

release methodologies with observed field data.



CHAPTER 1
MOISTURE EXCHANGE

Evapotranspiration

Evapotranspiration is the set of processes occurring
when moisture is returned from the earth's surface to the
atmosphere. It consists of both evaporation from open
surfaces (vegetation free) and from intercellular stomata
of plants (transpiration).

The transpiration rate through stomatal openings is
determined by both available energy and available water.
During water deficit conditions the stomata partially
close reducing the transpiration rate (Chang, 1968).
Brouwer (1965) found that for a given stomatal aperture,
the transpiration rate is proportional to the incident
radiation. Given a mature vegetative cover, transpiration
accounts for a greater percentage of evapotranspiration
than evaporation.

Evapotranspiration flux is dependent upon the atmo-
sphere's energy availability which is primarily affected
by turbulence, humidity, radation, and temperature.*

Air temperature, according to many researchers, is a

#Mukammal and Bruce (1960) assessed the relative signifi-
cance of the radiation, humidity, and wind factors as
80:6:14 in determining pan evaporation.



function of radiation. Optimum conditions for maximum
evapotranspiration occur with high turbulence, low
humidity, and high radiation and temperature. Since
temperature determines the amount of moisture the air

can hold, it is probably the single most important factor

in evapotranspiration.

Potential Evapotranspiration

Actual evapotranspiration (AE) may differ from the
total amount of moisture the atmosphere is capable of
absorbing from the surface. Given specific meteorological
conditions and time--the atmosphere has a capability of
evapotranspiring a certain quantity of moisture. This
capability is referred to as potential evapotranspira-
tion (PE). If the surface moisture is below field
capacity, the subsurface moisture supply will be released
at a rate insufficient to fullfill PE demand, thus causing
AE and PE to differ. As soil moisture decreases from
field capacity towards the wilting point, the intensity
of the moisture defiency (PE minus AE) increases, with
the soil retaining its remaining water with greater

capillary attachment.

Methodologies Examined

The methodologies for estimating PE fall into four
categories, each group utilizing different variables:

1) air temperature, 2) air temperature and solar



radiation, 3) all available climatic parameters, 4) energy
balance and aerodynamics. This thesis deals.with PE
formulae that depend upon air temperature alone. The
methodologies examined are those of Thornthwaite, Blaney-
Criddle, and Holdridge. The Thornthwaite and Blaney-Criddle
formulae have been examined under a wide'range of climatic
regimes whereas the Holdridge technique has had limited
application in the tropical regimes.

The Holdridge PE formula is also the most recently
developed of the three as it was introduced in its refined
form in 1959.

Thornthwaite

C. W. Thornthwaite's (1948) methodology for evaluating
PE was based on lysimeter and watershed observations in
the central and eastern United States.* The 1948 formula
was initially derived for use in estimating monthly PE,
and is:
PE=1.6(10 TC/1)3;
where;
PE-monthly Potential Evapotranspiration in mm
TC-monthly mean temperature in degrees C.
I-heat index (sum of 12 monthly index values)
a-empirically derived exponent (function of I)

This method was subsequently modified to compute daily

PE values with the use of a photoperiod correction factor.#

#Earlier research in the 1930's revealed a different form
of the equation.

¥Black (1967) devised a program to compute daily values
on a long term basis.



It is the daily PE evaluations which are the focus of this
thesis.

The Thornthwaite formula functions best in the temperate,
continental climate of North America where it was derived.
In this area temperature and radiation exhibit a strong
correlation, a framework upon which the methodology is
founded. Positive results from the application of this
method have been obtained by Burman and Partridge (1962)
in Wyoming, Decker (1962) in Missouri, Mather (1954) in
New Jersey, Baker (1958) in Minnesota, and Sanderson (1950)
in Canada. Fitzgerald and Rickard (1960) also reported
accurate PE estimates in New Zealand.

Thornthwaite's method has exhibited short-comings in
other parts of the world. The main reason is that
temperature is not a good indicator of the total amount
of energy available for evapotranspiration. At De Bilt
in the Netherlands for example, air temperature is about
the same during November (5.4 degrees C.) and March
(5.0 degrees C.); whereas solar radiation varies greatly,
67 and 195 langleys/day respectively. Van Wijk and de
Vries (1954) found PE in March to be nearly four times
greater than in November. Yet, the Thornthwaite method
did not differentiate between the two months. Air
temperature is slow in its response to radiation and the
method exhibits a noticeable lag in the predicted PE
values. Another weakness of the Thornthwaite technique is

that when air temperature falls below O degrees C.



evapotranspiration is considered to cease. Although
evapotranspiration may be small at temperatures below
O degrees C. it is not nonexistant (Crow, 1954).

The advantage of the Thornthwaite method is that
it only requires temperature data to determine PE and
it can be used to present the broad climatic patterns of
the world. Its simplicity has fostered its worldwide
popularity.
Blaney-Criddle

H. F. Blaney and K. V. Morin (1942) derived a PE
methodology in the semi-arid and arid areas of Texas and
New Mexice. The original formula was stated as:

U=KTP(114-h)

where;

U-monthly consumptive water use in inches

K-crop coefficient

T-mean monthly temperature in degrees F.

P -monthly percentage of daytime hours of the
year

h-mean monthly relative humidity

Blaney and Criddle (1950) subsequently eliminated
the humidity term; thus leaving the equation:
U=KTP
The methodology was eventually revised to permit
the calculation of PE on a daily basis in the form of:
PE=(0.0173 TA-0.314)*KC*TA(DL/4465.6)
where;

TA-mean daily air temperature in degrees F.

KC-crop growth stage coefficient

DL-day length in hours

LL65.6-sum of day lengths for 37 degrees north
latitude for the year



(When TA is less than 35 degrees F., the first term in
parenthesis is given a constant value of 0.3.)

The Blaney-Criddle formula has been the most
widely applied method for estimating PE in the western
United States. Its simplicity, much the same as the
Thornthwaite technique, permits an easy assessment of
moisture demand. Tomlinson (1953) reported that the
correlation of the predicted values checked very closely
with the water needs of hay in Wyoming. In other parts
of the world the equation has been less successful.
Jackson (1960) found the methodology responded poorly
for crops in central Australia and Dagg (1965) reported
similar results from experiments in eastern Africa.

The strong point of the Blaney-Criddle formula is
the inclusion of a crop factor. The authors realized

that consumptive water use® by crops in arid climates

may vary greatly with the physiognomy of the physical
stand. As the height of the vegetation increases, their
coefficients increase proportionally.

The Blaney-Criddle and Thornthwaite methods have
been compared in various parts of the world. 1In
lysimeter experiments in Coshocton, Ohio (W.M.0O., 1968)
the Blaney-Criddle formula proved more reliable than

the Thornthwaite technique even though neither proved

*Consumptive water use-the amount of water consumed by
plants determined by precipitation, temperature, solar
radiation, humidity, wind, growing season, crop type,
growth stage, and plant species.



very precise (Figure 1-1). Stanhill (1961) compared
several methodologies, including the aforementioned, in
the arid climate of Israel. In this test both the
Thornthwaite and Blaney-Criddle techniques gave close
approximations to recorded values. In an experiment in
arid and sub-humid regions Cruff and Thompson (1967)
examined five techniques in which the Blaney-Criddle
formula displayed the best fit although none of the
predicted values exhibited close correlation with the
observed values. Correlation coefficients were derived
by Stephens and Stewart (1963) comparing actual pan
evaporation with theoretical values in Florida for a
16 year period. In this test the Blaney-Criddle method
had a high correlation with the Thornthwaite formula
although neither provided good results.
Holdridge
The Holdridge (1959) methodology’is perhaps the
simplest of all equations in its estimation of PE.
This technique was devised in the tropics and very few
tests have been applied to the middle-latitudes. The
equation for estimating daily PE takes the form:
PE=((T/N)*C)/N

where;

T-mean daily temperature of month between O

_ degrees and 30 degrees C.

T-sum of all mean temperatures

N-number of days in the month

C-constant (5.00 for months with 31 days, 4.84
for 30, and 4.56 for February)
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Figure 1-1. A comparison of lysimeter derived ET to the Thornthwaite and
Blaney-Criddle computed curves.

Sources W.M.0., Agricultural Meteorology.
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The Holdridge formula gives equal PE values for
every day of the month, making it inadequate for
irrigation planning. In addition, it does not take into
account days of high incidence of cloudiness reducing
radiation when PE would be greatly reduced. For these
reasons the methodology has been limited in its appli-
cation. However, the time periods being examined in
this thesis are during the summer with generally high
radiation and relative humidity rates which can be
compared with tropical conditions where the methodology

proved most feasible.
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CHAPTER 2
MONITORING SOIL MOISTURE

Methods For Measurement

Many methods have been devised for monitoring soil
moisture. These techniques range fron the difficult and
costly to the simple and inexpensive. Some of the devices
used for field measurement are applicable only in situ
whereas others are mobile and used in testing soil in dif-
ferent locations. Equipment commeonly used includes;
lysimeters, electrical resistance blocks, tensiometers,
gravimetric assessors, and the neutron scattering probe.
Each device possesses certain advantages or disadvantages
depending upon its application.

The technique for monitoring field moisture utilized
in this study is electrical resistance analysis, and it is
applied to soil bodies in situ (Figure 2-1). The electrical
resistance unit (Bouyucos Gypsum Block) is implanted in the
soil where it attains a moisture content that is in equi-
librium with the surrounding soil. Response of the unit to
moisture change is closely correlated to that of the adjacent
solum. With changes in moisture conteﬁt. the electrical
resistance of the block also'changes--a response that is

registered as a percentage by an above-the-surface meter
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Figure 2-1. Resistance block connected to wires
which lead to the surface for monitoring.

Figure 2-2. Bouyococos resistance meter wired to
subsurface gypsum blocks.
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that is wired to the unit (Figure 2-2). The resistance
of the units must be measured with an a.c. bridge, usually
1000 cycles/second (W.M.0., 1948), to avoid electrolysis
and polarization which occur with direct measurement.
Various materials are used in the construction of resistance
blocks. The general design consists of two carefully
spaced electrodes impacted into a substance sensitive to
changes in water content. Gypsum, nylon, and fiberglass
are among the most widely used of the water absorbent
materials covering the electrodes.

Gypsum units have been found especially functional
over the drier ranges of soil moisture. On waterlogged
or heavily irrigated soils, however, they tend to disin-
tegrate rapidly. Their useful 1life depends on how rapidly
the gypsum decomposes, a factor that varies according to
s0il pH. The electrical resistance of the units is
slightly affected by the soluble salt content of the soil
when its percentage is less than the gypsum itself
(Weaver and Jamieson, 1951). Gypsum blocks exhibit an
approximate time lag of one day. The size of the block
is 6x4x1 cm, with electrodes 5 cm long and 2 cm apart
(Carrell, 1958).

For each type of resistance unit separate calibration
is necessary. Each soil type also requires individual
calibration which may be done in the field or laboratory,

usually relying upon a drying curve (Cope and Trickett, 1965).
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The use of thermocouples built into the resistance unit
corrects errors associated with temperature and eliminates
hysteresis. The electrical resistance method is advantageous
in that it is inexpensive and readings can be taken rapidly.
The technique is suited to the semi-skilled worker as long
as calibration of individual soils remains intact.

The resistance units used in this experiment were
gypsum covered and some deterioration of the material
occurred during the saturated periods of the growing
season. The blocks did not deteriorate to the point that
accurate measurement would have been affected.

When monitoring soil moisture in a cultivated field
it is advantageous to utilize a technique which permits
readings to be taken rapidly. The placement of resistance
blocks in the so0il does not interfere with normal agri-
cultural practices making this technique applicable for
monitoring the average farm. The units can also be
placed at different depths in the rhyzosphere, allowing
comparisons to be made regarding moisture demand of the

crop at various depths.

Field Capacity And Wilting Point

When monitoring soil moisture, the field capacity
of the soil must be known to give meaning to moisture
withdrawal rates. The water in the soil that is available
to plants exists between the field capacity and wilting

point. The availability of this moisture varies greatly
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with different soil types, slope, and vegetative cover.

Veihmeyer and Hendrickson (1931) defined field capacity

as "the amount of water held in the soil after the rate
of downward movement of water has materially decreased."”
Field capacity is a statement of the upper limit of
available moisture (Peters, 1965). This amount is often
difficult to ascertain due to soil conditions, such as
impeded drainage, which may alter the upper limit.

The wilting point is the lower limit of moisture
availability for plants. This concept was introduced by
Briggs and Shantz (1911) although the idea dates back

long before this. The permanent wilting point is defined

as "the water percentage of a soil when plants growing

in that soil are first reduced in an approximately
saturated atmosphere (Peters, 1965)." The period between
the beginning stage of wilt (Incipient stage) and the per-

manent wilting point constitutes the wilting range.

Incipient wilt occurs when the water content of the soil
diminishes to a level at which the lowest leaves of a
plant wilt and fail to recover in a saturated surrounding.
The wilting stage was monitored during the entire period
covered by the project, as it plays a key role in the

crop development.
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CHAPTER 3
THE TEST SITE

Location

The site of this research project is a farm located
on the north side of highway N. C. 43 on the north-west
side of Greenville, N. C. (Figure 3-1 and 3-2). A gentle
slope exists from the highway to a relict river bed which
in the past contained the Tar River which flowed through

the lower portion of the fields.

Soil Series

Ten soil series were monitored on the test farm. The
textures of the series ranged from a loam to a fine sandy
loam. The texture characteristics of each soil were deter-
mined to arrive at the field capacity for the rooting zone
on the corn crop (Table 3-1). Six of the ten soils were
situated on gentle slopes of 6 to 10 percent. The remain-
ing four soils were on surfaces with slopes not exceeding
4 percent.

The corn crop characteristics were unique for each
site. On soils prone to give up moisture rapidly, the
crop had a tendancy to increase in stature rapidly and
attain a greater height at maturity. Soils with coarse

surface layers tended tc impede the germination stage by
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TABLE 3-1

TEST SOILS AND MOISTURE CAPACITY

Soil Series Abbreviation

60 cm depth
Capacity in mm

Ccilla loamy fine sand
Norfolk sandy loam
Craven fine sandy loam
Wagram loamy sand

Lenoir fine sandy loam
Tuckerman fine sandy loanm
Pactolus loamy sand
Portsmouth loam

Alaga loamy sand

Wickham sandy loam

OcB

NrB2

CrC

‘WaB

InA

Tu

Pa

Po

AgB

WkB

S

80

79

49

86

76

L3

93

43

81

Source: Pitt County Soil Survey
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as much as one week behind the first plant emergence of

other series.

Instruments Used

Several kinds of measurements were taken at each test
station throughout the experiment. Soil moisture was
monitored with the use of Bouyucos Gypsum Blocks; air
temperature and humidity with a Bacharach Recording Hygro-
thermograph; precipitation with a standard rain guage;
crop density with a one meter frame separated into ten

cm blocks; and crop height with a tape measure.

Recording Procedure

Gypsum blocks were implanted in each of ten soil
series on the test farm at depths of 15, 30, and 45 cm.
The wires leading to the blocks were attached to stakes
for ease in both monitoring and locating sites. The
solum was replanted keeping the soil texture as uniform
as possible with the different depths. Each test site
was located as close to the center of each soil body as
possible. The test sites were also located in landscape
positions which were not subject to intense water run-off
or collection, avoiding to a great extent moisture recharge
discrepancies. Recordings were taken twice a week at the

three depths in each soil body.

The hygro-thermograph was placed in a U. S. standard

weather screen and subject to unrestricted air flow
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(Figure 3-3). The recording graphs were changed weekly
and average daily temperature was computed from these
readings.

A standard rain guage was located in a clearing
free of obstacles (Figure 3-4). The rain guage was checked
after each rainfall period thus keeping an accurate tab-
ulation of moisture available for soil recharge.

Throughout the two growing seasons monitored (Summer,
1975 and 1976) conditions such as wilting and crop develop-

ment were noted as they related to moisture conditions.

Crop Conditions

The 1975 summer corn crop of the test site was planted
late in the season. The crop was seeded in the middle of
May during excellent moisture conditions. By mid-June
soil moisture supply had dwindled causing wilting condi-
tions to occur in the lower leaves of the crop. Moisture
deficiency continued thereafter until two heavy rains
broke the droughty conditions on July 10, 1975. It was
estimated that 30% of the crop never fully recovered its
vigor but much of the stand returned to an excellent
condition. The available soil water at 8 out of the 10
sites examined reached the 0 percent point during this

period. Subsequent moisture conditions remained favorable

from July 10, 1975 through the middle of-August, 1975.

In mid-August a dry period occurred which lasted 19 days,



" Figure 3-3. U.S. standard weather screen.

Figure 3-4. Standard rain guage. The rain guage
should be in a location in which surrounding trees

cannot influence its reception of atmospheric mois-
ture.
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although this dry spell was of little consequence to the
crop which had already reached maturity.*

The 1976 summer season differed significantly from
that of 1975. Moisture was plentiful during planting in

mid-April. The plants germinated* early in the season

and grew without a moisture deficient period until their
maturation in early July. Moisture supply was excellent
right through the tasseling and silking period, yielding

a very healthy stand of corn. Minor moisture deficiencies
occurred toward the end of July, but by this time the

crop had already peaked.

In each growing season no labor was performed on the
crop after spraying for weed control which took place two
days after planting. The moisture retention blocks were
implanted the day after spraying in 1975 and four days
after spraying in 1976. All tillage and planting had
to be complete before sites could be chosen for the

gypsum blocks.

¥Maturity-the development of a plant to the point in which
growth has reached its upper limit.

*¥Germination-the initial opening of the plant seed below
the surface.
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CHAPTER 4
STATISTICAL ANALYSIS

Theoretical And Observed Data

A method was devised upon the termination of the
monitoring of soil moisture during the two growing seasons
in which to compare the observed data with the theoretical
data derived from the three models. It is intended that
this comparison will lead to a predictive equation which
will be significant in its use in field application for
determining moisture availability. The first step in this
analysis was to place each set of data into a comparitive
format. Theoretical PE had to be transformed into soil
moisture retention units comparable to the observed data.

Data monitored from the gypsum blocks determined
the available moisture present in the soil. This data
was in the form of percentage of field capacity currently
in the soil. Using the known field capacity for each
soil sampling site percentage figures were transformed
into actual mm of moisture in the observed depfhs*
throughout the two seasons.

Holdridge, Blaney-Criddle, and Thornthwaite designed

*#Percentage of values of so0il moisture were converted to
millimeters of water in the solum with an area-depth
relationship comparable to precipitation.
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their theoretical equations to predict PE (from which AE

is derived) on a daily basis. In this research, PE was
computed for each equation for each day during the two
seasons. A soil moisture drawdown curve was consulted
(Thornthwaite and Mather, 1957) for each soil body to deter-
mine daily AE based upon theoretical PE. AE minus rainfall
was totaled for all days in each interval between field
observations to determine composite so0il moisture draw-
down. The composite soil moisture drawdown units were

then subtracted from the soil moisture retention for each
of the theoretical models. Water budgets were devised for
each theoretical set of data on each soil series (Appendix

I1I1).

Computed Statistics

Data were transformed into a standard form to
determine the relation between the observed data and the
predicted values. Soil moisture retention values for
the theoretical methods and observed data were recorded
as mm of water which would exist assuming that all the
water could be drained from the so0il unit. The next
step was to determine the degree of correlation between
the actual and each theoretical set of data. To perform
a correlation that is reliable the data.must first be

normal. In a normality check, the data proved normal at
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the .05 level of significance for all the theoretical
data sets with no transformations. The Holdridge data
exhibited a maximum difference of .063 with a signifi-
cance difference of .088; Blaney-Criddle .073 and .083
significance; and Thornthwaite .067 and .088 significance.
The observed data did not prove normal under any condition.
However, since the observed data in this test is the
independent variable it is not necessary to be normalized
to determine a correlation (Hsu, Maxfield, and Stephenson,
1969), as long as the dependent variables are normal.

Coefficients were run for each soil series comparing
actual moisture retention with predicted values. Correla-
tion between the theoretical and actual values was weakest
for the Ocilla series with values of .31455, .33759, and
.30736 for the Holdridge, Blaney-Criddle, and Thornthwaite
systems. The Tuckerman series had the strongest correla-
tions: .71166, .77622, and .82253 respectively (Table
4-1). The average slope on the scattergrams for the
theoretical-actual comparisons was .22 while the average
slope comparison between theoretical sets of data was
+95 (Table 4-2).

The level of significance varied widely according
to each soil series (Table 4-3). An alpha level of .01
was the significant criterion. Only the ‘Ocilla series
failed to fall within the significance range chosen for

examining the correlations.
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TABLE 4-1
CORRELATION COEFFICIENTS FOR THE COMPARISON
OF THE THEORETICAL AND OBSERVED DATA

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Actual Actual Actual
OcB «31455 33759 . 30736
NrB2 65543 01713 .71716
CrC 67194 .68619 .72829
WaB .50226 | .63557 « 59472
LnA .70084 .73708 . 69400
Tu .71166 .77622 .82253
Pa 53057 53570 58255
Po 69684 « 73457 «73370
AgB .51326 . 56006 58162
WkB .63050 67440 ) 67459

Source: Computer program comparing field data collection
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TABLE 4-2
SLOPE OF THE THEORETICAL TO OBSERVED DATA SCATTERGRAM

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
So0il Series Actual Actual Actual
OcB .20228 .22175 .20973
NrB2 . 22450 .28363 .26309
CrC .25755 29599 29968
WaB .27562 . 34887 .33212
LnA .29252 ~.33851 .30730
Tu . 34677 .28648 42580
Pa .27887 . 31961 .33246
Po .27309 .33230 .32805
AgB .29677 .36305 . 36562
WkB 30149 .37782 .35688

Sources Computer program comparing field data collection
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TABLE #4-3
CORRELATION LEVELS OF SIGNIFICANCE FOR
THE THEORETICAL TO OBSERVED COMPARISON

Holdridge Blaney~Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Actual Actual Actual
OcB .08481 .06327 .09258
NrB2 .00002 .00001 .00001
CrC .00001 .00001 .00001
WaB .00211 .00004 .00016
LnA .00001 .00001 | .00001
Tu .00001 .00001 .00001
Pa .00125 .00109 .00030
Po .00001 .00001 .00001
AgB .00162 .00047 .00025
WkB .00006 .00001 .00001

Source: Computer pfogram comparing field data collection
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For each set of theoretical and actual data the
skewness, standard error, and standard deviation were
computed (Tables 4-4 through 4-6). The standard deviations
for the observed data sets averaged 75 to 100 percent
higher than those of the theoretical data sets indicating
the considerable distance away from the mean that most
of the observed figures fell. The observed data exhibited
a skewness which exceeded the theoretical data sets by
100 percent or more in most cases, also indicating the
large variance of the observed data.

Data were further analyzed by the coefficient of
determination (r2) using a .5 or greater value as a
close comparison between the observed and theoretical
sets of data (Table 4-7). The weakest r2 value was
09447 for the Thornthwaite values as compared to the
observed data coefficient for the Ocilla series. The
strongest coefficient (.67656) was associated with the
Tuckerman series, Thornthwaite-observed comparison.

Only five of the ten soil bodies had coefficients of
+5 or better in any of the three comparisons, and only
the Tuckerman exceeded .5 for all three of the theore-

tical-actual comparisons.

Theoretical Compariéons‘

Although the correlations and coefficients of

determination between the theoretical and observed data
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OF THE THEORETICAL AND OBSERVED DATA SETS

Soil Series Holdridge Blaney-Criddle Thornthwaite Actual
OcB 04114 .01840 -.89870 -1.08543
NrB2 -.24202 -.45080 -.46085 -.73735
CrC -.22508 -.43012 -.46018 -.96016
WaB .05561 . =+05995 .03102 -.76810
InA -.16027 -.31762 -.35978 -.69375
Tu -.31405 -.14322 -.18206 -.48700
Pa .03389 -.09176 -.11468 - 540401
Po -.23364 -.31169 -.42982 -.95038
AgB .08255 -.03463 -.03255 -.88481
WkB -.26943 -.34765 -.55710 -1.32100

Source: Computer program comparing field data collection
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TABLE 4-5
STANDARD ERROR FOR EACH SET
OF THEORETICAL AND OBSERVED DATA

Soil Series Holdridge Blaney-Criddle Thornthwaite Actual

0cB 1.78 1.82 1,89 277
NrB2 1.85 2.14 1.98 5.40
cre 1.95 2.19 2.09 5.09
WaB 1.88 1.88 1.91 3.42
LnA 2.33 2.57 2.48 5.59
Tu 2.45 1.85 2.60 5.02
Pa 1.59 1.81 | 1.73 3.04
Po 2.52 2.91 2.87 6.42
AgB 1.59 1.78 | 1.72 2.74
WkB 2.05 2.40 2.27 4.29

Source: Computer program comparing field data collection
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TABLE 4-6
STANDARD DEVIATION FOR EACH SET
OF THEORETICAL AND OBSERVED DATA

Soil Series Holdridge Blaney-Criddle Thornthwaite Actual

OcB 9.92 10.14 10.53 15.44
NrB2 10.95 12.64 11.72 31.97
cre 11.56 13.01 12.41 30.15
WaB 11.10 11.11 11.29 20.23
LnA 13.61 | 14.97 14 4k 32.61
Tu 14.48 10.97 15.39 29.72
Pa 9.31 10.57 10.11 17.71
Po 14.68 16.05 16.75 37.46
AgB 9.38 10.52 10.20 16.23
WkB 11.96 14.02 13.24 25.02

Sources Computer program comparing field data collection
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TABLE 4.7
CCEFFICIENTS OF DETERMINATION FOR THE
THEORETICAL TO OBSERVED DATA COMPARISON

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Actual Actual Actual
OcB .09894 .11396 09447
NrB2 42958 51424 . 54196
CrC 45150 47086 «53041
WaB 25227 . 40395 « 35369
LnA 49118 «54329 48164
Tu . 50646 .60252 67656
Pa «28150 .28697 « 33936
Po 48559 «53959 53832
AgB 26344 .31367 .33838
WkB « 39753 45482 45507

Source: Computer program comparing field data collection
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were weak for the majority of cases, this was not the
case for the correlations between the theoretical tech-
niques (Table 4-8).

Comparisons for the theoretical techniques against
each other proved them very(close. The correlation coef-
ficients for each of these tests, with few exceptions,
were in excess of .9. This étrong correlation indicates
the relative uniformity of the computed figures for each
equation. The major argument in the prdfessional litera-
ture on moisture release deals with the degree of accuracy
- of predicted moisture release. The findings in this re-
search reveal that even though these equations reviewed
differ mathematically, their results are essentially the
same. Comparison of théoretical formulae with actual
data, however, proved the former insufficient for agri-

cultural planning purposes.

Correction PFactors

Correlation coefficients between theoretical and
observed data sets were weakest on the soil bodies with
field capacities less than 50 mm. Soil bodies were sub-
sequently classified into two categories (Category 1: O-
50 mmy Category 2: >50 mm), since the soils differed in
response to moisture release, to derive separate equation
correction factors. Soil moisture retention was analyzed
according to four arbitrarily chosen categories of availa-

ble moisture:
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CORRELATION COEFFICIENTS COMPARING

THEORETICAL DATA SETS

Holdridge Blaney-Criddle Thornthwaite

Soil Series Thorgiﬁwaite Holdgiége Blaney-giiddle
OcB | 97221 .96291 .91836
NrB2 .97051 97009 .96731
CrC .97701- .97655 .98611
WaB .85602 84227 97733
InA 96623 .98018 .98630
Tu 97243 .93417 | . 96490
Pa . 97665 .97362 . 99498
Po «99009 «99253 «99393
AgB .97530 .97211 .99220
WkB .97106 97449 .97110

Source:s Computer program comparing field data collection
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0-25%, 26-50%, 51-75%, 76-100%. Departure of theoretical
from actual soil moisture retention was calculated for
each sample site. This provided a data base from which
the mean "“departure error” could be calculated for each
quartile division of soil moisture retention (Figure 4-1).
The mean "error of departure" was transposed into a mean
"correction factor" (Table 4-9).%*

Theoretical PE was recalculated for the sample
sites utilizing the correction factors. A modified set
of AE and soil moisture retention values were then ob-
tained by interpreting the significance of the new PE
data from the soil drying curve (explained in Chapter 3).
Correlation coefficients were then determined for the
modified sets. In all three cases modified data-sets
improved prediction of soil moisture retention and AE in
excess of 20 percent (Table 4-10).

In all of the soil bodies observed, field capacity
values appeared for a lengthy period (of up to two weeks)
following a saturation rainfall. This resulted from
drying in the upper three to four inches and gravitational
drainage prior to moisture withdrawal actually occurring

in the moisture block planted at the 6 inch depth.

#Since theoretical soil moisture retention is derived
by using a uniform soil drying curve based upon theo-
retical PE formulae, the only variable subject to
variation in obtaining a soil moisture value is the
equation by which PE is obtained. Thus, it appears
logical that PE, rather than soil moisiure, corrections
were needed.
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FIGURE 4-1
METHOD FOR OBTAINING CORRECTION FACTORS

Soil body with Moisture Retention Values

—Divide values into
quartile divisions
of capacity

0-25% 26-50% 51-75% 76-100%

|

Derive
mean
of
values

® - - W e e
»-e e e @ = o
- o o= Gm—

Total means
for quartile
division for
all soils
with capacity
less than

50 mm *

Divide by
total number
of soils

Correction
factor

#Repeat process for all soils with capacities exceeding
50 mm.

Source: Method devised by author.
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TABLE 4-9
AVERAGE CORRECTION FACTORS CALCULATED FROM THE
SUMMATION OF THE MEANS OF EACH RETENTION CATEGORY AND
DIVIDED BY THE NUMBER OF SOILS IN THAT CATEGORY*

Moisture Retention Capacity Capacity
Category >50 mm <50 mm
0-25% 1.79 1.55
26-50% 1.24 1.25
51-75% 1.20 ' 77
76-100% .81 .50

*¥Correction Factors are multiplied into the theoretical
equations to predict PE which determines AE on a mois-
ture drawdown curve.

Source: Derived from Figure 4-1.
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TABLE 4-10
CORRELATION COEFFICIENTS EMPLOYING THE
CORRECTION FACTORS FOR THEORETICAL VS. OBSERVED
COMPARISONS ON THREE SAMPLE SOILS

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Observed Observed Observed
OcB 55173 .71154 .72372
Tu 92243 .91843 .91552
Pa .67918 84179 . 77890

Source: Computer program comparing field data collection



Assuming that these processes might bias the correction
factor, soils were tested for observed to théoretical
correlations omitting those days in which observed
moisture status remained at the 100 percent level. The
resulting coefficients exhibited very minor variation
from the complete data set, indicating thé test data
results were not enhanced by further correction for the
lengthy saturation of moisture blocks (Table 4-11).

The theoretical equations were also compared with
each other after implementing the correction factors.
Correlations exceeded the initial results and demonstrated
the increased uniformity of data provided by the corrected
theoretical formulae. Hence, the correction factors are
applicable for each of the theoretical techniques (Table
L-12).

Areal Implications

The seasonal characteristics of the unaltered
Holdridge, Blaney-Criddle, and Thornthwaite predicted
values were on the average 20 percent off the adjusted
equations. However, this does not emphasize the periods
in which the original techniques grossly underestimated
moisture conditions when the observed crop reached the
critical moisture level. An example occurred during
late June and early July, 1975, when the Lenoir series

contained less than 7 mm of water in the rooting zone.
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TABLE 4-11
A COMPARISON BETWEEN CORRELATIONS RUN
INCLUDING AND EXCLUDING THE MONITORING DAYS
EXHIBITING CAPACITY ON TWC SAMPLE SOILS

Capacity Figures Included

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Actual Actual Actual
OcB «55173 71154 72372
Pa 67918 . 84179 .84180

Capacity Figures Excluded

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Actual Actual Actual
OcB . 52027 71377 71694
Pa 66351 . 84180 . 75564

Source: Computer program comparing field data collection
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TABLE 4-12
CORRELATION COEFFICIENTS EMPLOYING THE
CORRECTION FACTORS FOR THEORETICAL VS. THEORETICAL
COMPARISONS ON THREE SAMPLE SOILS

Holdridge Blaney-Criddle Thornthwaite

Vs. Vs. Vs.
Soil Series Blaney-Criddle Thornthwaite Holdridge
OcB .93877 .95386 .91660
Tu . 98849 ’ «99212 .98920
Pa . 93804 «95649 «92202

Source: Computer program comparing field data collection
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During this same period (June 28 through July 10) all of
the theoretical equations predicted moisture values in
excess of 55 mm with the exception of one monitoring day
in which the soil displayed a reading of 52 mm. Miscal-
culations of this nature would be extremely detrimental
to the irrigation planning for certain crops. With the
correction factors applied to the equations, the theo-
retical depletion of moisture compared closer to the obser-
ved data with many of the theoretical figures falling
below 25 mm of retention on the Lenoir series. These
figures are low enough to predict that stress will appear
in the crop and irrigation is necessary.

The regional economic impact of a miscalculation
such as the original techniques predicted could be very
severe. For example, the stress occurring on the test
farm crop in June and July, 1975, was estimated to have
injured the corn crop to the degree that 30 percent
never fully récovered. On a regional basis this event
had a crippling effect. The "N. C. Weekly Weather And
Crop Bulletin" (July 7, 1975) provided estimates that
the state's 1975 corn crop would be less than the 1974
crop by 13 percent, yielding 101 million bushels to the
114 million bushels in 1974, The coastal plain corn
crop which was the most severely injured of the state
was estimated to yield 24 percent less fhan the 1974
crop accounting for a large pért of the overall 13

percent decrease. With the corrected equations and proper
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irrigation equipment this loss and others of its kind
could be avoided. The implementation of a long term
study, utilizing various correction factors on several
differing soil textures, could conceivably enhance the
decision as to when irrigation would be profitable or
economically feasible.

The intraregional ramifications of this study are
considerable. This test has proven the weaknesses of the
original equations for the study area along with the
feasible usefullness of the corrected equations. Un-
fortunately, these corrections are suitable only for the
south-eastern coastal plain soil textures which are
predominantly sand to a fine sandy loam. In areas
which exhibit clays and clay loams the correction factors
devised in this thesis would probably not provide very
accurate results. It is this reason which should prompt
continued experimentation in other climatic and soil
regions to derive corrected equations for those areas.

The equations examined were designed to determine
PE (AE is a function of PE) on a large areal scale. The
results of this research reveal that these techniques
need to be confined to specific soil regions unless they
utilize appropriate corrective factors to suit local
soil conditions as was done in this study.

A question which these results raise is the validity

of the Thornthwaite climatic maps of the world. Since
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his maps are based upon the water balance equation tested
in this thesis it would follow that if the results are
unwarranted in this study area then perhaps the same
holds true for many other regions of the world also.

It is the opinion of this author that the research
findings of this study suggest the need for a re-exam-
ination of the geographical outlook on moisture release

studies and increased emphasis on the field.

Summary And Conclusion

The current literature dealing with soil moisture
release contains many discrepancies as to which theoretical
equation best predicts moisture release. The purpose of
this thesis has been to analyze three (Holdridge, Blaney-
Criddle, and Thornthwaite) of these techniques in eastern
North Carolina to determine their accuracy. None of these
techniques approximated the soil moisfure release with a
degree of accuracy which would be beneficial to agricul-
tural planning and water resource management. Correction
factors were devised to yield more positive results for
the three equations in the study area. The efficiency

of the equations was increased with the correction factors

by approximately 20 percent which would provide more

meaningful predictions of the moisture status in field

applications.
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The three formulae computed relatively close estimates
of PE, with and without the correction factors. This
finding reveals that although the format of the equations
is varied the results are basically the same. Further
research of this topic would be made simpler by using
the Holdridge technique alone since its predictions are
the easiest of the three to derive.

The use of the corrected equations could prove to
be extremely helpful in making irrigation and water
management decisions in situations such as the excessively
dry conditions recorded in eastern North Carolina in
June and July, 1975, and more recently southern Georgia
during May and June, 1977. The expansion and future
testing of this methodology could possibly alter the
present irrigation practices in eastern North Carolina
as well as other technologically advanced areas of the

world.
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APPENDIX 1
DESCRIPTION OF SOILS MONITORED

Ocilla

The Ocilla loamy fine sand occurs on broad flats and
smecoth side slopes in the uplands and stream terraces.
These soils are somewhat poorly drained with rapid infil-
tration and slow runoff. This soil has a 2.5 foot depth
to its seasonal high water table. 1In a typical profile
the 0-22 inch layer is a loamy sand with the 22-75 inch
layef being a sandy clay loam. Its permeability rate in

the surface layer is 2.0 to 6.3 inches per hour.

Norfolk

The Norfolk sandy loam is a well drained soil on
smooth side slopes in the uplands. It expresses a 1 to
6 percent slope and occurs in irregular shapes. The
surface layer of this soil is eroded thus making it diff-
icult to keep it in good tilth. This soil has a seasonal
high water table in excess of 5 feet. 1In the soil’'s
typical profile the 0-10 inch layer is a sandy loam, the
10-72 inch depth is a sandy clay loam, and the 72-84
inch depth is a sandy loam. Its permeability rate in the

surface layer is 2.0 to 6.3 inches per hour.

Craven

The Craven fine sandy loam is a moderately well
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drained soil on narrow side slcpes in the uplands. It
occurs on slopes of 6 to 10 percent with rapid runoff
which must be controlled in cultivated areas. The depth
to the seasonal high water table on the Craven is 2.5
feet. In the 0-12 inch surface layer the texture is a
fine sandy loam and a clay occurs in the 12-78 inch layer.

Its permeability rate is .63 to 2.0 inches per hour.

Wagram

The Wagram loamy sand is a well drained soil on
slighty convex broad divides on uplands and stream terraces.
It occurs in irregular shapes with a slow runoff rate.
The depth to the seasonal high water table is in excess
of 5 feet. 1In the 0-25.inch surface layer the texture
is a loamy sand, sandy clay loam in the 25-66 inch layer,
and loamy sand in the 66-84 inch depth. The permeability

rate of this soil is from 6.3 to 20 inches per hour.

Lenoir

The Lenoir fine sandy loam is a somewhat poorly
drained soil which occupies broad divides on stream
terraces. Wetness is a severe limitation and artifical
drainage is required for successful cultivation. The
depth to the seasonal high water table in this soil is
only 1.5 feet. A fine sandy loam occurs in the 0-7
inch surface layer, clay in the 7-36 inch depth, and

loamy sand to coarse sand in the 36-58 inch depth.
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The permeability rate of this soil is 2.0 to 6.3 inches

per hour.

Tuckerman

The Tuckerman fine sandy loam is a poorly drained
soil on broad flats and in slight depressions on stream
terraces. Slopes are from O to 1 percent and shapes are
irregular. Ponding sometimes occurs on this soil. The
seasonal high water table is at the surface on this soil
and artifical drainage is required for good cultivation.
In the 0-20 inch surface layer the texture is a fine
sandy loam, sandy clay loam in the 20-36 inch layer, and
loamy sand in the 36-72 inch layer. The permeability

rate of this soil is .63 to 2.0 inches per hour.

Pactolus

The Pactolus loamy sand is a moderately well drained
soil on broad, smooth divides in the uplands and on
stream terraces. Slopes are very minor from 0-2 percent
with slow runoff and wetness limitations in cultivation.
The depth to the seasonal high water table is 2.5 feet.
A loamy sand occurs in the 0-64 inch surface layer and
coarse sand is present in the 64-90 inch depth. The

permeability rate is 6.3 to 20 inches per hour.

Portsmouth

The Portsmouth loam is a very poorly drained soil
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on broad, smooth flats in slight depressions. Ponding is
frequent and artifical drainage is necessary for successful
cultivation. The seasonal high water table is at the sur-
face on this so0il. In the 0-15 inch layer the texture is

a loam, sandy loam occurs in the 15-39 inch layer, and

sand in the 39-68 inch layer. The permeability rate is

2.0 to 6.3 inches per hour.

Alaga

The Alaga loamy sand is a somewhat excessively
drained, sandy soil on broad, high divides on stream
terraces. At depths of greater than 6 feet a banded sub-
stratum of sandy loam occurs. The seasonal high water
table is at a depth greater than 5 feet. In the 0-72
inch surface layer loamy sand occurs with pure sand
lying in the 72-85 inch depth. The permeability rate of

this soil is from 6.3 to 2.0 inches per hour.

Wickham

The Wickham sandy loam is a well drained soil with
a 0 to 6 percent slope. It occurs on long, narrow areas
of irregular shape. Runoff is slow to medium. The depth
to the seasonal high water table is in excess of 5 feet.
In the 0-17 inch surface layer the texture is a sandy
loam, sandy clay loam exists in the 17-42 inch depth, and

loamy sand in the h2-80 inch depth. The permeability rate



of this soil is from 2.0 to 6.3 inches per hour.
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APPENDIX 2
OBSERVED SOIL MCISTURE RETENTION VALUES IN MM

Soil Series 1975 May 20 22 28 June 3 5
Ocilla Ls 45 45 Ls 45
Norfolk 70 74 80 80 80
Craven 72 72 - 79 79 {2
Wagram L9 L9 49 L9 49
Lenoir 85 86 86 86 86
Tuckerman 75 76 76 76 76
Pactolus 43 43 43 43 43
Portsmouth 93 93 93 93 93
Alaga 43 43 43 L3 43
Wickham 81 81 81 81 81

54
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Soil Series 9 16 19 23 26 30 July 3 7
Ocilla L5 L5 L5 L5 Lo 25 L 3
Norfolk 80 79 66 24 8 6 6 3
Craven 79 79 63 28 1 1 0 26
Wagram L9 49 37 6 0 0 0 7
Lenoir 86 77 64 43 27 15 7 6
Tuckerman 68 50 35 19 5 7 6 8
Pactolus L3 43 43 28 10 6 0 4
Portsmouth 93 93 93 75 44 31 7 0
Alaga 43 43 35 28 13 11 9 L
Wickham 81 81 81 76 61 55 35 23
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Soil Series 11 15 18 22 28 August 4 11
Ocilla 5 34 L5 L5 L5 27 18
Norfolk 8 80 80 80 80 nh 24
Craven 27 79 79 79 76 69 71
Wagram 0 49 49 49 Lé 14 47
Lenoir 5 8 8 86 74 49 44
Tuckerman 11 76 76 76 63 26 24
Pactolus 6 33 43 43 23 0 0
Portsmouth 0 82 93 93 84 51 6
Alaga 17 38 44 43 25 4L 10
Wickham 29 79 81 81 78 72 69




Soil Series 18 23 29 September 8
Ocilla 12 11 7 34
Norfolk 0 0 0 56
Craven 16 0 0 76
Wagram 2 0 0 L9
Lenoir 3 0 0 L3
Tuckerman 5 0 0 29
Pactolus 0 0 0 34
Portsmouth 0 0 0 35
Alaga 0 0 0 Lo
Wickham 16 2 0 Lg

57
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Soil Series 1976  June 3 7 10 14 17 21
Ocilla Ls ks 45 45 45 L5
Norfolk 80 80 80 79 80 80
Craven 79 79 78 64 79 79
Wagram Lo 49 47 39 49 49
Lenoir 86 86 86 83 86 86
Tuckerman 76 76 72 60 76 76
Pactolus L3 43 L3 43 43 43
Portsmouth 93 93 93 93 93 93
Alaga L3 43 L3 L3 43 43
Wickham 81 81 77 61 81 81




Soil Series 24  July 5 11 14
Ocilla Ls NO DATA

Norfolk 76 69 71 67
Craven 73 78 76 43
Wagram L2 L8  4s 29
Lenoir 84 66 59 26
Tuckerman 71 76 74 59
Pactolus Lo 30 24 8
Portsmouth 93 93 93 93
Alaga L3 L3 43 42
Wickham 76 69 76 66

59
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APPENDIX 3 TABLE A
WATER BUDGET UTILIZING THE HOLDRIDGE PE DATA *

May 1975 20 21 22 23 24 25 26 27 28 29 30 31
Temp. °C 21 21 21 21 21 21 21 21 21 21 21 21

PE mm 3.h4 3.4 3.4 3.4 3.4 3.4 3.4 3.4 3.8 3.4 3.4 3.4
PPT mm 12 9 9

OcB ST hs 42 4O 37 34 32 40 45 L2 4O 45 42
AE 3 2 3 3 2 3 2 3 2 3 3
NrB2 ST 70 68 66 64 62 59 67 72 70 67 75 73
AE 2 2 2 2 3 2 2 2 3 3 2
crC ST 79 77 75 73 70 68 76 79 77 75 79 77
AE 2 2 3 2 3 3 2 2 2 3 2
WaB ST Lo 46 43 41 37 35 43 48 45 42 49 45
AE 3 3 2 4 2 3 3 3 3 3 4
LnA ST 85 82 80 77 74 72 80 85 82 80 85 83
AE 3 2 3 3 3 3 3 3 2 3 2
Ta ST 75 72 69 66 62 59 67 73 70 67 75 72
AE 3 3 3 4 3 3 3 3 3 3 3
Pa ST 43 41 38 36 33 31 39 43 41 38 43 41
AE 2 3 2 3 2 3 3 2 3 3 @2
Po ST 93 90 88 85 81 79 87 92 89 87 93 90
AE 3 2 3 4 2 3 3 3 2 3 3
AgB ST L3 41 38 36 33 31 39 43 41 38 43 41
AE 2 3 2 3 2 3 3 2 3 3 2

WkB ST 81 79 77 74+ 71 69 77 81 79 77 81 79
AE 2 2 3 3 2 3 3 2 2 3 2

¥Storage and Actual Evapotranspiration given in mm and
missing Precipitation data represents non-rain days



PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

waB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

70

74

L1

80

69

38

87

38

76
3

23
3.8
10

b5

80

79

49

86

76

L3

93

43

81
3

23

23

3.8 3.8

41

77

77

b5

82

73

40

89

)

78
3

3

23

3

23

3.8

30

66

66

33

70

€0

29

'§s

29

68
2

J

23

10
23

3.8 3.8

25

60

60

28

65

56

24

70

24

62
3

11
23
3.8

61

12
23
3.8
16

34

69

69

36

73

64

34

79

34

72
3



June 13
Temp. °C 23
PE mm 3.8
PPT mm

OcB ST 32
AE 2
NrB2 ST 66
AE 3
CrC ST 66
AE 3
WaB ST 33
AE 3
LnA ST 70
AE 3
Tu ST 61
AE 3
Pa ST 32
AE 2
Po ST 76
AE 3
AgB ST 32
AE 2
WkB ST 69
AE 3

14
23

15
23

3.8 3.8

29

64

64

34

67

58

29

73

29

66
3

27

2
61
61
28
64
57
27
70
27

64
v

16

23

3.8

30

64

64

31

62

60

30

73

30

67
3

17
23

3.8

18
23
3.8

25

2

19
23
3.8

23

2
57
57
24
54
53
23
64

23

59
3

20
23
3.8
21
54
5k
22
53
51
21
62

21

57
2

21
23
3-8

55
2

22
23
3.8

18

51

51

19

L9

Le

18

58

18

53
=

23
23

62

24
23

3.8 3.8

-

\n
[ SISO



June

25

Temp. °C 23

PE mm
PPT m

OcB
NrB2
AE
CrC
WaB
InA
TU
Pa
Po
AE

AgB

WkB

m

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

3!8

14

b5

b5

15

Li

40

14

51

14

17
2

26
23
3.8

27
23

28
23

3.8 3.8

21
31

62

62

32

60

57

31

67

31

63
3

28

60

60

30

58

55

28

64

28

60
3

29
23
3.8

2

30
23
3.8

24

55

55

25

53

51

24

59

24

56
2

July

1
25

B

53
53
23
51
49

2
22
57
22

54

25

20

51

51

21

49

L6

20

54

20

52

63



July
Temp. °C
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC 3T
AE

WaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

2e

b2

52

22

50

Lé

2z

sS4

22

53

N

25

12

30

60

60

30

58

54

30

62

30

61

=

N
PSRN

e
-3

O\ ~J
EE FO PV OFL BN R OTW W O TW W

~J

=

~J

=

~J

=

~

3

3

10

11

12

13

25

b1
b5

80
79
L9
86
76
b3
7
43

81
L

14
25

67

b5

80

79

49

86

76

L3

93

4O

81
L

15
25

L1

77

76

b5

82

72

4O

89

L3

78
3

64

16
25

10

b5

80

79

L9

86

76

L3

93

43

81
L



°C

July
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

WaB ST
AE

ILnA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

18
25

L1

¥

£l

b5

82

(4

40

89

40

78
3

19
25

38

74

7

L1

79

68

36

86

36

75
J

20
25

35

70

70

38

76

64

33

82

33

72
3

21
25

32

68

68

35

73

60

31

79

31

69
3

22
25

30

65

65

32

70

57

28

76

28

66
3

23
25

27

62

62

30

67

54

26

73

26

64
2

24

26
25

28

62

62

30

66

53

27

72

27

64
2

27
25

25

60

60

27

64

50

2l

69

24

61
3

65

28
25

23
58
58
25
61
k7
22
66

e

59
2



July
Temp.
PE mm

ec

PPT mm

OcB
NrB2
AE
CxC

AE
WaB
LnA
Tu
Pa
Po

AgB

WkB

ST

ST

ST

ST

ST

ST

29
25

30
25

[IEY
=

~ w ;o o w o o w
5O £O &0 TW FTWM O EFWM &R

(oY)

o
TN FO & F

31
25

28

62

62

31

66

L6

27

71

27

64

August i
26

b1
26
60
60
28
64
Ll
24
68
24

62

b1 4.1

20

53

53

22

56

38

19

60

19

54
3

18

51

51

20

54

35

17

58

17

52
2

L

66

26
bh.1

33

66

66

35

69

51

32

73

32

68
2



August 8
Temp. °C 26

PE mm 4.1
PPT mm

OcB ST 31
AE 2
NrB2 ST 64
AE 2
CrC ST 64
AE 2
WaB ST 32
AE 3
InA ST 66
AE 3
Tu ST 48
AE 3

Pa ST 30
AE 2

Po ST 70
AE 3

AgB ST 30
AE 2

WkB ST 65
AE 3

9

26

4.1

28

61

61

30

64

b5

27

67

27

62
3

10
26
4.1

26

59

59

27

61

L3

25

64

25

58
2

11
26
L.1

12
26
4.1

3

13
26
L.1

2

14
26
h.1

18

50

50

19

52

34

18

50

18

49
2

15
26
b.1

16

26

£.1

16

L6

Lé

16

48

31

15

53

15

Ll
2

17

26

4ot

14

b

Lh

15

L6

29

13

51

13

L9
L

34

18

49

18

L7
2

67

19

4.1

w = - iy = SN
=l N0 =\0 N3 IaV N | = 0

- = -
=] O N

=
Non



August 20
Temp. °C 26
PE mm 4,1
PPT mm

OcB ST 17
AE 1
NrB2 ST Lsg
AE 2
CrC ST Ls
AE 2
WaB ST 17
AE 2
InA ST L7
AE 2
Tu ST 31
AE 2
Pa ST 16
AE 1
Po ST 49
AE 2
AgB ST 16
AE 1
WkB ST L5
AE 2

14

b7

14

Li

22
26
L.1

23
26
4'1

21

26

4'1

13

38

38

12

4o

24

11

L2

11

38

25
26
.1

27
26

22

48

L8

2

49

35

21

51

2l

48
2

28

26

4.1

20

L6

Lé

20

L7

20

19

L9

19

Lé
2

29
26
4.1
19
bl
Li
19
b5
31
18
L7
18

Ly
2

68

31

26

L.1

16

41

L1

16

L2

28

15

Ly

15

L1
2



69

Sept. 1 2 3 4 5 6 7 8 June 1976 1
Temp. °C 24 24 24 24 24 24 24 24 19
PE mm 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3
PPT mm 24

OcB ST 36 33 31 28 26 24 22 20 L5
AE L 3 2 3 2 2 2 2

NrB2 ST 61 59 56 54 52 50 48 L46 80
AE L 2 3 2 2 2 2 2

CrC ST 61 59 56 54 52 50 48 L6 79
AE L 2 3 2 2 2 2 2

WaB ST 36 33 31 28 26 24 22 20 49
AE 4 3 Z 3 2 2 2 2

InA ST €2 60 58 55 53 51 49 47 86
AE L 2 2 3 2 2 2 2

Tu ST 48 44 41 37 34 32 29 27 ’ 76
AE L L 3 4 3 2 3 2

Pa ST 35 32 30 27 25 23 21 19 43
AE L 3 2 3 2 2 2 2

Po ST 64 62 59 57 54 52 50 48 93
AE L 2 3 2 3 2 2 2

AgB ST 35 32 30 27 25 24 21 19 43
AE y 3 2 3 2 2 2 2

WkB ST 61 59 56 54 52 50 A48 46 81

AE 4 2 3 2 2: 2 V- 2



June

Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
WaB
AE

LnA
AE

Tu
AE

Pa
AE

Po
AE

AgB

WkB

°C

m

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

19

L2

77

77

Lé

83

73

L1

90

L1

9

19

52

b5

80

79

49

86

76

L3

93

43

81
3

19

L2

77

77

L6

83

73

L1

90

41

79
2

Lo

75

3

L3

81

70

38

88

38

77

2 -

19

37

73

73

41

78

67

36

85

36

7h
3

19

35

70

70

38

76

64

33

82

23

T
2

2

10
19

31

66

66

33

71

58

30

77

30

68
2

11

12
19

30

63

63

32

70

57

g

76

29

67
2

70

13
19

28

61

61

30

68

55

27

74

27

65
2



June
Temp.
PE mm

°C

PPT mm

0cB
AE

NrB2 S

AE

CrC
AE

wWaB
AE

LnA
AE

Tu
AE

Pa
AE

Po
AgB
AE

WkB
AE

ST

ST

ST

ST

ST

ST

14
19

15
19

16
19

18

19
19

25

59

59

27

6

51

24

68

24

61
2

20
12

21
19

27

60

60

28

65

51

25

69

25

62
2

22
19

27

b5

80

79

L9

86

76

b3

93

43

81
b

23
19

L2

77

77

Lé

83

73

41

90

41

79
2

40

75

75

L2

81

70

38

88

38

77
3

71



June
Temp. °C .
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

WaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

26
19

L2

77

77

Lé

83

73

L1

90

41

79
2

27
19

Lo

75

75

L3

81

70

38

88

38

77
2

28
19

37

73

73

L1

78

67

36

85

36

74
3

29
19

35

70

70

38

76

64

33

82

33

72
2

30
19

33

68

68

36

74

61

32

80

32

70
2

July 1
23
3.6
25
b5

80

77

L9

86

76

L3

93

L3

81
3

2
23
3.6
37
L5

80
79
49
86
76
L3
93
L3

81
3

23
3.6

L1

77

iy

L6

82

e

40

89

Lo

78
3

23
3.6

38

3

(2



July 6
Temp. °C 23
PE mm 3.6
PPT mm

OcB ST 33
AE 3
NrB2 ST 70
AE 2
CrC ST 70
AE 2
waB ST 36
AE 3
InA ST 74
AE 3
Tu ST 61
AE L
Pa ST 32
AE 2
Po ST 80
AE 3
AgB ST 32
AE 2
WkB ST 70
AE 3

7
23
3.6

13
L3

3
80
80
Lé
84
71
L2
90

L2

73
3

8
23
3.6

Lo

23
3.6

36

3

10
23

3.6

2

11
23

F46

32

70

70

33

72

57

31

77

31

62
3

12

23

3.6

29

68

68

31

69

54

28

74

28

60
2

13

23

3.6

27

65

65

29

67

52

27

72

27

58
2

15
23
3.6
25
63
63
27
6l
50
24
69

24

2

73



APPENDIX 3 TABLE B

74

WATER BUDGET UTILIZING THE BLANEY-CRIDDLE PZ DATA*

May 1975 20

Temp.

AE

AE

Tu

Pa

Po

AgB
AE

WkB
AE

*¥Storage and Actual Evapotranspiration given in mm and

°F 72
3

m
ST 45
ST 70
sT 79
ST 49
ST 85
ST 76
ST 43
ST 93
ST 43
sT 81

21
75

L2

68

77

L6

82

73

L1

90

41

79
2

22
77

40

66

75

L3

80

70

38

88

38

77
2

23
79

3

24
11

36

63

71

39

76

65

34

83

34

73
1

25
72

33

62

69

37

74

62

33

81

33

70
3

26
74

12

L1

69

77

5

82

70

41

89

41

78
3

28
7h

L2

72

77

L6

83

72

39

90

39

79
2

29
73

40

70

75

43

81

70

37

88

37

77
2

missing Precipitation data represents non-rain days

42

71

77

46

83

73

41

90

41

79
2



June 1
Temp. °F 74
PE mm L
PPT mm

OcB ST 39
AE 3
NrB2 ST 68
AE 3
CrC ST 74
AE 3
waB ST L2
AE L
InA ST 80
AE 3
Tu St 69
AE L
Pa ST 38
AE 3
Po a7 87
AE 3
AgB ST 38
AE 3
WkB ST 76
AE 3

74

10
b5

74
L

L

74

L1

71

77

b5

82

72

Lo

89

40

78
3

72

39
69
74
L2
80
69
37
87

37

75
2

76

36

66

71

39

77

65

34

83

34

72
3

3

3

55

6L

28

59

63

30

68

27

7h

27

64
2

57

61

28

66

53

25

71

25

62
2

10
70

25

55

59

2{

64

51

24

69

24

60
2

11
70

23

53

58

25

62

L9

22

67

22

59
1

75

12
71

16

L0

66

71

38

75

62

25

79

25

74
3



°F

June
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

wWaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

13
78

36

64

68

35

T2

58

23

76

23

72
2

14
71

34

62

66

33

69

57

22

73

22

70

15
7h

32
59
64
30
66

53
L

16
80

17
78

32

60

64

31

66

53

21

70

21

68
2

18
81

29

57

61

28

63

50

19

66

19

64
4

19
81

26

54

58

25

60

L6

17

64

17

61
3

20
82

23

52

55

23

58

L3

16

60

16

58
3

21
72

2

22
68

20

Lg

51

20

53

39

14

57

14

54

2 .

23
72

76

24

74



June

Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE
wWaB
ILnA
Tu
Pa
AE
Po

AgB

WkB

°F

m

ST

ST

ST

ST

ST

ST

ST

ST

ST

78

16

L3

b5

16

48

34

10

50

10

48

26
79

75

22

35

59

60

32

6L

50

27

66

27

64
L

28
72

29
72

29

95

56

27

60

b5

23

62

23

60
2

30
75

27

53

53

25

58

43

21

59

21

58
2

July

1
73

24

51

51

23

56

40

i8

57

19

29
3

2
70

22

49

19

21

53

38

18

54

18

53
2

77

20

L6

Lé

19

51

36

16

52

16

50
3

76

25
51
51

L
24
56
41
21
56
21

55
L

77



°F

July
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

waB ST
AE

InA ST
AE

Tu ST
AR

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

71

23

49

L9

22

54

39

19

54

19

2

L

L

76

40

66

66

39

71

56

36

71

36

71
3

79

36

62

62

35

68

52

32

68

32

68
3

10
79

32

59

59

32

64

L9

29

64

29

64
4

11
79

12
72

33

60

60

32

64

50

30

6L

30

6L
3

13
74

L1

b5

80

79

49

86

76

L3

93

L3

81
L

14
76

67

b5

80

79

L9

86

76

43

93

43

81
5

78

16

77

10

b5

80

79

L9

86

76

L3

93

L3

81
5



°F

July
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

waB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

17
76

13

%5

80

79

L9

86

76

L3

93

L3

81
5

18
77

41
76
76
L
81
71
39

88

39

77
n

19
72

38

73

73

41

78

67

36

85

36

74
3

20
75

3

21
80

32

66

66

33

71

58

30

77

30

68
)

2e
82

28

64

64

30

67

5k

27

74

27

64
L

23
83

24
83

22

60

60

23

61

46

21

66

2

\n
N N

26
7%

25

66

66

£

26

64

49

24

68

24

60
3

27
67

23

64

64

24

62

L6

22

66

22

9

79

28
77

21

60

60

21

59

hh

20

63

20

56
3



July
Temp.
PE mm
PPT m
OcB

NrB2
CrC
waB
AE
InA
Tu
Pa
Po

AgB

WkB

°F

m

ST

ST

ST

ST

ST

ST

ST

ST

80

19

58

58

19

56

L1

18

60

18

53
3

30
78

14

29

68

68

29

66

51

28

70

28

63
L

31
80

27

65

65

26

63

48

25

67

25

60
3

August

1
77

24

62

62

23

60

45

23

64

23

58
2

76

22
59
59
21
58
o
21
61

21

55
3

3

3

84

16

50

50

15

L9

34

15

51

15

L6
3

81

22
34

68

68

33

L
67
52
33
69

33

64
n

80

71

32

66

66

31

6L

50

31

66

31

62
2



Augus

t

8

Temp. °F 75

PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

wWaB ST
AE

ILnA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

5

29
3

63
3

63
3

28
3

61
3

L6
L

28
3

64
2

28
3

59
3

9
76

26

60

60

25

58

Li

25

60

25

56
3

53
3

11
80

21

Sk

54

20

53

38

21

55

21

51
2

12
76

19

52

52

18

50

36

19

52

19

48
3

13
77

14
79

16

b7

L7

15

Lé

32

15

L7

15

Lh
2

15

16

<

77

11

Lo

LO

11

39

26

11

40

Ll

37
2

18
77

81

19
70



°F

August
Temp.
PE mm
PPT mm
OcB QST
AR

NrB2 ST
AE

CrC ST
AE

WaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

20
74

21
74

22
76

11

38

38

11

37

25

11

38

11

35
2

23
78

10

36

36

10

35

23

10

36

10

34

24

25

27
83

19

43

43

19

L3

31

19

43

19

Lo

28
78

29
74

30
80

14

37

37

14

37

25

14

37

14

35

82

31
69



Sept.
Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE

WaB
AE

InA
AE

Tu
AE

Pa
AE

Po
AE

AgB
AE

WkB
AE

1

°F 78
Iy

m 24
ST 33
Ly

ST 55
L

ST 55
L

ST 33
L

ST 55
L

ST Lh
L

ST 33
L

ST 55
L

ST 33
I

ST 54
L

30

29

53

31

53

42

31

53

31

54
2

78

28

51

51

28

51

39

28

51

28

50
2

25

L9

b9

26

L9

38

26

k9

26

L8
2

(4

23

L7

L7

24

L7

35

24

L7

24

L6
2

78

21
S
b5

2
22
b5
34

1
22
b5

22

Li
2

7
73

19

43

L3

20

L3

32

20

L3

20

43
1

8
77

L1

41

18

L1

30

18

L1

18

L1
2

June 1976

83

1
55

b5

80

79

49

86

76

L3

93

43

81



June

Temp. °F 55

PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE

waB
AE

LnA
AE

Tu
AE
Pa
Po

AgB

WkB

m

ST

ST

ST

ST

ST

ST

ST

ST

ST

b3

78

78

b7

86

74

L1

91

L1

80
1

5k

52

b5

80

7

L9

84

76

L3

93

43

81
2

5l

b1

77

78

L7

86

74

L1

91

L1

80
1

56

39

74

77

Li

84

72

40

89

40

78
2

61

36

72

74

L1

82

69

37

87

37

76
2

63

3h

70

72

39

80

66

35

84

35

74
z

3

10
63

2

11
68

12
66

32

66

68

33

70

59

J2

77

32

68
2

84

30

64

66

31

67

57

30

75

30

66
2



NrB2

AE

CrC
AE

WaB
AR

LnA
AE

Tu
Pa
Po
AE

AgB

WkB
AE

ST

ST

ST

ST

ST

14

28

64

64

29

64

55

28

73

28

6L
2

15
67

26

62

62

27

62

53

26

70

26

62
2

16
68

24

60

60

25

60

51

24

68

24

60
2

18
70

28

64

64

29

64

55

28

72

28

64
2

19
72

20
72

21
67

22
67

2y

b5

80

e,

L9

86

76

43

93

L3

81
3

23
67

L2

77

77

L6

83

73

41

90

41

79
2

24
68

Lo

75
75
43
81
70
38
88
38

77
2

85



June

Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE

WaB

WkB
AE

°p

m

ST

ST

ST

ST

ST

ST

ST

26
73

L1

'y

77

b5

82

72

Lo

89

40

78
3

72

38

74

74

42

80

69

37

87

37

75
3

28
71

71

71

9

77

66

34

84

34

73
3

(1=

33

68

68

36

74

63

32

81

32

70
3

30 July
72

31

66

66

33

72 -

60

30

78

30

68
3

=

= 0
FROFwW O FW O FW O EFON &

71

37

b5

80

79

L9

86

76

43

93

L3

81
L

68

L

L1

77

77

ks

82

72

4o

89

40

78
3

72

38

74

74

L1

79

68

36

86

36

75
3

74

35

71

71

38

76

64

33

82

33

e

. D

86



July
Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE

waB
AE

LnA
AE

Tu
AE
Pa
AE
Po
AE

AgB
AE

WkB
AE

6
°F 71
L

m
ST 32
3
ST 68
3
ST 68
3
ST 35
3
ST 73
3
ST 60
L
ST 31
2
ST 79
3
ST 31
2
ST 69
3

65

13

L2

78

78

b5

83

70

41

89

L1

79
3

76

36
e
72
37
77
61
34

L
81
34

72
I

10
68

33

69

69

35

74

58

32

9

32

70
e

11
69

3

12
66

28

64

64

30

68

53

28

74

28

2

13
64

26

62

62

28

66

51

26

g !

26

63
/2

14
68

24

60

60

&7

64

50

24

68

24

60
3

87



May

Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
AE
WaB
AE
" InA
AE

Tu
AE

Pa
AE

AgB
AE

WkB
AE

#¥Storage and Actual Evapotranspiration given in mm and

APPENDIX 3 TABLE C

88

WATER BUDGET UTILIZING THE THORNTHWAITE PE DATA#*

°c

m

ST

ST

ST

ST

ST

ST

ST

ST

ST

20
2e

b5

80

79

49

85

75

43

93

L3

81

21
24

41

78

77

L5

81

72

40

89

4o

78
3

22
25

38
77
74
b1
78
69

36
L

3

23
26

35

7h

70

38

75

66

33

82

33

72
3

24
22

33

12

68

36

73

64

32

80

32

70
2

25
22

31

70

66

33

70

62

30

77

30

68
2

26
23

12
39
78
7h
41
78
70
38
85
38

L

76
L

27
25

28
23

41

77

&y

43

80

72

40

87

40

78
3

29

missing Precipitation data represents non-rain days

31
25

L1

77

77

Li

81

73

40

88

Lo

78



June 1
Temp. °C 23
PE mm L
PPT mm

OcB ST 38
AE 3
NrB2 ST 74
AE 3
CrC ST 74
AE 3
wWaB ST L1
AE 3
ILnA ST 78
AE 3
Tu ST 70
AE 3
Pa ST 36
AE L
Po ST 85
AE 3
AgB ST 36
AE L
WkB ST 75
AE 3

23
10
L5
80
79
49
86
76

43
L

23

L1
77
77
i5

L
82
73
)
89
)

78
3

24

35

70

70

38

76

67

33

82

33

72
3

26

32

67

67

34

72

64

30

78

30

68
L

26

28

66

70

3é

68

60

27

74

27

65
3

10
21

23

62

64

26

62

55

22

68

22

59

11
21

89



June
Temp.

PE mm

°c

PPT mm

OcB
AE

Nr32
AE

CrC
AE

WaB
LnA
Tu
AE

Pa
AE

Po
AE

AgB
AE

WkB

ST

ST

ST

ST

ST

ST

ST

13

3

14
22

29

68

68

28

66

60

20

e

20

65
3

15
23

27

66

66

21

64

58

18

69

18

62
3

16
27

17
26

27

66

66

24

64

58

19

68

19

61
3

18
27

19
27

21
58
58

L
19
56
51
15
60
15

54
L

20
28

18

54
I

3

21

22

\n n -

s

n

[ wn [

= &
NN\O =N N - N Q@ N = N O\ NN NN -~

22
20

23
22

90

24
23



June

Temp.

°C

PPT mm

OcB
AE

NrE2
AE

CrC
AR

waB
LnA
AE

Tu
AE

Pa
AE
Po
AgB

WkB

ST

ST

ST

ST

Syl

ST

ST

ST

ST

25

26
26

27
24

21

28

60

60

29

59

57

26

62

26

57
3

28
22

26

58

58

27

57

Sk

24

60

24

54
3

29
22

24

56

56

24

54

52

22

58

22

52
2

30
24

21

23

53

22

52

50

19

5k

19

July

1
23

19

51

gy

20

50

48

18

52

18

48
2

18

49

49

18

48

L6

17

50

17

L6
2

16

L7

k7

17

L6

Ll

15

48

15

4L
2



July
Temp.

PE mm

°C

PPT mm

OcB
AR

NrB2
AE

CrC
AE

waB
AE

LnA
AE

Tu

Pa
AE

Po
AE

AgB
AE

WkB
AE

ST

ST

ST

ST

ST

ST

ST

ST

ST

ST

24

17
37

71

L
71
L1

70

68
4o

72

Lo

68
i

3

26

32

6L

64

33

64

62
32

65

32

62
3

10
26

28

61

61

30

60

59
29

62

29

59
3

12

22

28

62

62

30

60

60

,32

62

32

60
2

L

L

15
25

L1

76

76

Lh

81

72
39

88

J9

77
N

92

16
25

W

10
&5

80

79

L9

86

76
43

93

k3

81
5



July
Temp.
PE mm
PPT m
OcB
NrB2
AE
CrC
WaB
AE
InA
Tu

AE

Pa

AE

Po
AgB

WkB

g

m

ST

ST

ST

ST

ST

ST

ST

ST

17
24

13

b5

80

79

L9

86

76

L3

93

L3

81
5

18
25

L1

76

76

Li

81

72

39

88

39

77
n

20

24

I

34

70

70

37

75

66

33

81

33

71
3

21
27

31

66

66

33

71

63

30

77

30

68
3

22
28

28

N

n N n n

\n

N (o) N
FOOL WO FFEF WO FN O OFVOV WW EFTWUV TN W

n

25
27

26
22

24

58

58

26

62

sS4

23

66

23

29
s

27
19

93

28

20

53

53

22

57

50

19

61

19

54
3



°C

July
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

WaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

29
27

18

51

51

19

5k

48

18

58

18

51
3

30
26

14

28

61

61

29

64

58

28

68

28

61
5

31
27

25

58

58

26

61

55

25

65

25

58
3

August

24

20

52

52

21

55

50

20

59

20

52
3

2

29

16

b7

L7

17

49

Ll

16

52

16

L7
kK

29

14

Li

Lh

15

L6

L2

14

L9

14

Lh
3

oL

2e

30

60

60

35

62

58

30

64

30

60
e



August 8
Temp. °C 24
PE mm L
PPT mm

O0cB ST 27
AE 3
NrB2 ST 58
AE 2
CrC ST 58
AE 2
wWaB ST 32
AE 3
InA ST 59
AE 3
Tu ST 56
AE 2
Pa ST 27
AE 3
Po 57 62
AE 2
AgB ST 27
AE 3
WkB ST 58
AE 2

9
24

25

55

55

30

57

L

25

59

25

55
3

23

23

53

53

27

54

51

23

57

23

53
V.

11

20

50

50

24

5

49

20

54

20

50
3

12
24

i9

L8

48

22

50

b7

19

52

19

48
2

13

14
26

16

Ll

Ly

18

Ls

b3

16

L7

16

4h
2

15
26

14

142

L2

17

L3

Lo

14

b5

14

42
2

16
26

= -
W

[N
MO PwW DdDw

17
25

11

38

38

14

23

37

11

L1

11

38
2

95

19
21



Augus
Temp.

PE mm

t

°c

PPT mm

OcB
AE

NrB2
AE

CrC
WaB
LnA
Tu
Pa
AE
Po
AgB

AE

WkB
AE

ST

ST

ST

ST

ST

ST

ST

ST

20
23

21

Yo
24

11

2

37

14

38

36

11

40

11

37

23
26

24
26

W
=\0 N

w
NMDE DR DWW DWW

[N

W

W W

w
DWW PO MOV =\ Wk

25
28

W

W

w W) |
PR PO NE R RO R

26
29

[AC T
~

=

=

=

= N
E e VN =~ KR =T N =Ty N i

N
e

=
~

27
28

19
43

2
43
21
43
42
19
45
19

L3

28
26

30

96

31
26



Sept. 1
Temp. °C 26
PE mm 5
PPT mm 24
OcB ST 33
AE L
NrB2 ST 55
AE L
CrC ST 55
AE L
wWaB ST 34
AE L
InA ST 55
AE L
Tu ST 54
AE L
Pa ST 33
AE L
Po ST 57
AE L
AgB ST 33
AE L
WkB ST 55
AE L

2h

31

53

53

32

53

52

31

sk

31

53
2

26

28

a1

5d

29

51

50

28

52

28

51
2

25

26

L9

L9

27

L9

L8

26

50

26

L9
2

26

23

L6

L6

24

Lé

b5

23

L8

23

L6
3

26

21

Ll

o

22

Ll

L3

21

L6

21

Ly
2

23

19

43

L3

20

L3

L2

19

Li

19

43
1

2

13

b5

80

79

L9

86

76

43

23

43

81



°c

June
Temp.
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

wWwaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE

Po ST
AE

AgB ST
AE

WkB ST
AE

12

52

k5

80

79

L9

86

76

43

93

L3

81

17

39

74

74

Lo

80

70

37

87

37

74
2

72

e

37

77

68

35

84

35

71
2

17

3

70

70

35

75

66

33

81

33

69
2

10

20

32

68

68

36

73

64

31

{7

31

70
3

2

12
21

2

98

13
19

30

65

65

30

69

61

28

75

28

64
2



June
Temp. ‘C
PE mm
PPT mm
OcB ST
AE

NrB2 ST
AE

CrC ST
AE

WaB ST
AE

InA ST
AE

Tu ST
AE

Pa ST
AE .

Po ST
AE

AgB ST
AE

WkB ST
AE

14

28

63

63

30

67

59

27

73

27

6L
2

15
20

26

61

61

28

65

58

25

70

25

62
2

16
20

2

18
21

28

62

62

31

66

60

27

i

27

64
2

19
22

25

60

60

28

64

58

24

68

24

61
3

20
el

3
63

63

31

66

61

26

74

26

63
3

21
20

27

61

61

29

6L

g
~

24

69

24

61
2

22
20

b5

80

79

L9

86

76

43

93

43

81
3

23
20

42

77

77

L6

83

74

41

90

L1

79
2

24
20

40

75

75

43

81

71

38

88

38

77
2

99



June

Temp.
PE mm
PPT m

OcB
AE

NrB2
AE

CrC
waB
AE

LnA
AE

Tu

AE
Pa
AE
AE

AgB
AE

WkB

o

m

ST

ST

ST

26
23

b1

77

77

ks

82

73

40

89

Lo

78
3

22

38

74

74

L1

79

70

36

86

36

75
3

28
Vs

35

70

70

38

76

67

33

82

33

72
3

29
22

3

30
2z

30

65

65

32

70

61

28

76

28

66
3

July

1
22

25

b5

80

79

49

86

76

L3

93

L3

81
L

s
22

3¢

b5

80

79

L9

86

76

43

93

b3

81
L

20

42
77
77
L6
83
74
b1
89

41

79
2

21

39

7L

74

§2

80

70

37

86

37

76
3

100

24

36

71

71

39

77

68

34

82

34

73
3



July 6
Temp. °C 22
PE mm L
PPT mm

OcB ST 33
AE 3
NrB2 ST 68
AE 3
CrC ST 68
AE 3
wWaB ST 36
AE 3
InA ST 74
AE 3
Tu ST 65
AE 3
Pa ST 32
AE 2
Po ST 79
AE 3
AgB ST 32
AE 2
WkB ST 70
AE 3

19

13

L2

78

78

L6

84

75

L2

89

L2

80
3

21

Lo

76

76

L3

81

73

Lo

87

40

77
3

3

10
20

33

70

79

36

75

67

33

80

33

71
3

11

a1

31

68

68

33

o

64

31

77

31

68
3

1
19

13
18

27

64

64

30

68

60

27

72

27

64
2

14
20

25

62

62

28

66

59

25

70

25

62
&

101
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