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NOMENCLATURE

Parameters Description
CKN (1) thru
CKN (20) : 6 hour incremental areas of the unitgraph.
SB1 The constant in the relation of surface storage to

upper zone soil moisture.

SM1 The slope in the relation of surface storage to
upper zone solil moisture.

IB1 The constant in the relation of IA to UZS for
UZs > UuZs.
TUZS The value of UZS for which the calculation of IA

changes from one linear approximation to amnother.

UZs Calculated current upper zone storage for area of
current precipitation.

DZS0 Starting value for UZS.
ML The slope in the relation of TA to UZS for
UZS > UUZS.
UZSN Nominal upper zone storage capacity (field capacity).
UBP Constant in the equation for percolation from upper

to lower soil zone.

MP Exponent in the equation for percolation from upper
to lower soil zome.

UZMX Values of UZS at which all water reaching the land
surface becomes overland runoff. (saturated upper
zone).

UZMN Value of upper zone storage below which no evapo-

transpiration occurs (wilting point).
LZMX Maximum lower zone storage, uplands (saturated).

LZMN Value of lower zone storage below which no evapo-
transpiration occurs. Applies to both lower zones.

YSTRT Number of first year 1n run.

IKR Interflow recession constant.

iv



RGWB Constant in the calculation of groundwater recharge
from the lower soil zone.

RGWM Exponent in the calculation of groundwater recharge
from the lower soil zone.

GWSN An amount of groundwater storage below which no
baseflow can take place.

BK Baseflow recession constant.

AGW Fraction of basin underlain by groundwater aquifer
and lower zone.

PDY Minimum amount of daily precipitation for which the
hourly fraction will be read.

TLL Number of precipitation stations.

LZSAN "Nominal" lower zone storage in lowlands (field
capacity).

LZSTN "Nominal" lower zone storage in uplands (field
capacity.
AREA Total drainage area. Recalculated as drainage area

exclusive of ponds.

LZS0 Starting value for LZSA and LZST (1) thru LZST

(10).
GWSO Starting value for GWS.
YREND Number of last year in run.
GWRF A constant combining conversion of STG to an area,

GIGI to a slope, and permeability.

PORF A constant to convert groundwater "EXCESS" to
‘ equivalent of a depth in feet.

ITA Minimum value of initial abstraction by interception
and ... {(provided that at least that wmuch precip.
fell). Either hourly or daily.

PTPOKD The fraction of the streamflow that is available to
- go into pond storage.

M Minimum value of sum of interception, addition to
depression storage, and infiltration (provided that
at least that much precip. fell during the day or
hour). Also minimum amount of infiltration,
provided moisture is available.

v



POWER

PWRE

QUANTY

PONDDP
PONDAR

ZZT

Exponent used in calculation of interflow.

Exponent in calculation of evapotranspiration from
stream and bank storage.

Coefficients used in calculation of evapotranspiration
from stream and bank storage.

The constant in the relation of IA to UZS for
UZS < UUZS.

The slope in the relation of TA to UZS for
UZs < UUZs.

Average depth of ponds.
Total area of ponds in basin.

Signals whether or not to "CALL PLOTT". PLOTT will
be called if ZZT > 0.0.
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INTRODUCTION

Thomas King, an engineer, epitomized the water problem in the following
terms [1], "Of all the substances that are necessary to life as we know it,
it is by far the most important, the most familiar and the most wonderful;
yet most people know very little about it."

The earth's original supply of water is still in use: little has been
added or lost in the hundreds of millions of years since the first cloud
formed and the first rain fell. The same water has been pumped time and
again from the oceans into the air, dropped upon the land and transferred
back to the sea. This process -- the natural mechanism that evaporates ocean
water, distributes it to every part of the earth, then returns it to the
gsea —— is known as the hydrologic cycle.

The most important links that complete the hydrologic cycle are complex
processes of evaporation and transpiration. Evaporation is the coqversicn of
water into vapor and its subsequent transfer from a soil or water surface to
the atmosphere, Transpiration is the discharge of water to atmosphere as
vapors by plants through their tissues. It is difficult to distinguish
between free surface evaporation and tramspiration from a soil in which
plants are growing. The two processes are therefore lumped together and are
termed evapotranspiration.

More than 70 percent of the 30 inch annual average precipitation of the
United States is returned to the atmosphere in the form of evapotranspira-
tion. Evapotranspiration cannot be ignored when considering such items as
farm water ﬁanagement, irrigation requirements, potential moilsture stress of

crops, soil moisture estimates and ground water interaction with streams.



Estimates of evapotranspiratfon are usefulrin predicfing the frequency
and severity of agricultural droughts. 1t also permits more accurate calcu-
lations of soil molsture levels and better estimates of runoff, all of which
improves river flow forecasts.

Research on evapotranspiration (ET), however, has historically con-
centrated on modeling ET when the soil has an adequate sﬁpply of water.
Furthermore, most field investigations involve measuring ET indirectly from
small plots of ground with single crops.

This research deals with a broader problem of improving the ET function
of a watershed digital hydrologic simulation model originally developed at
the University of Kansas [5], hereafter referred to as the Smith and Lumb
model. The subroutine for calculating ET is altered so that it is more
responsive to watershed cropping patterns and stage oflplant growth.

The new ET function is basically an irrigation scheduling model applied
to a natural watershed in which dryland agriculture predominates. The Smith
and Lumb model is modified with the new evapotranspiration routine and the
revised simulation package is applied to the Black Vermillion watershed. The
simulated streamflows for a l4-year period are compared to recorded, (observed)
flows in order to examine response characteristics and the fidelity of the
pew model. In addition, the new model performance 1s directly compared to
that of the original Smith and Lumb model.

The major objective in altering the subroutine for calculating ET in the
Smith and Lumb model is to develop a model capable of responding rapidly and
accurately’to daily climatological changes, and to provide the option of
being able to predict the effect of changes in agricultural land use upon the

overall watershed water budget. Another objective 1s to provide the framework



to generate low flow frequency curves for ungaged agricultural watersheds to
aid water quality investigations.

This report briefly reviews the literature pertinent to the study and
then describes the original Smith and Lumb model. The new ET model is
subsequently introduced and the results of the testing and comparison between

models for the Black Vermillion watershed are presented.



LITERATURE REVIEW

Much of the early work in modeling the hydrology of watersheds had,
as the main objective, to predict the frequency of occurrence and magnitude
of peak flood flows. This was particularly important for flood prevention
planning on watersheds where a sufficient record of streamflow was not
available. During periods of high surface runoff the evaporation from a
watershed is a small portion of the total water budget, and any reasonable
approach to predicting evapotranspiration was acceptable. The model de-
veloped by Huggins and Monke [2] lumps interception, surface storage and
evapotranspiration all together as one functiom.

Attempts to model continuous streamflow over longer periods of time,
particularly during extended dry periods, requires better estimates of evapo-
transpiration. These have been included in most new watershed models.
However, in areas where predicting low flows is not important, an evapo-
transpiration component which gives adequate results over longer périods such
as months or years is sufficient.

A hydrologic model based on antecedent soil moisture known as the
Antecedent Precipitation Index (API) method was developed by Weather Bureau
hydrologists and has been used and modified by others. This model has the
advaqtage iﬁ that precipitation is the only input parameter required, and it
gives satisfactory results of streamflow during periods of both high and low
flows. However, the model contains a decay coefficient which has no direct
relationship to any measurable physical parameter of the watershed and would
not be useful in predicting the effects of future watershed changes.

One of the earliest and best known attempts to model the entire hydro-

logic cycle of a watershed is the Stanford Watershed Model [3]. This model



has been revised at least five times by its original developers and has been
used as the basis for most of the other comprehensive models currently in
existence, including the Smith and Lumb model [4,5].

In the Smith and Lumb model, the total evapotranspiration process is
divided into direct surface evaporation, evapotranspiration from the un-
saturated zone of the soil, evapotranspiration from groundwater, and direct
evaporation from streams. It does not determine potential ET, but requires
some estimate of potential ET as an input parameter. Pan evaporation data
is generally used to compute a constant value of potential ET, which is
multiplied by a linear temperature function to determine the daily potential
ET rate. This method for determining potential ET uses temperature as the
only climatic factor, although ET is strongly influenced by other factors,
such as solar radiation, wind, and humidity.

The actual ET in the Smith and Lumb model is determined by multiplying

' It is a

the potential ET by an "evapotranspiration opportunity function.'
function of the logarithm of the available soil moisture. The procedure
does not inclﬁde a function for the effect of the distribution of crops

and stage of plant growth upon ET rates. This report presents a method
whereby this factor can be included in the ET prediction.

The United States Department of Agriculture Hydrograph Laboratory model
of watershed hydrology [6] divides the evapotranspiration process into direct
evaporation from the soil and transpiration by plants. This model has been
applied to micro-watersheds and the transpiration by plants was determined by
lysimeters. The shortcoming is that it has not been applied to large water-

sheds where different crop patterns are encountered, and moreover, all of

the climatic factors required for the ET routine were monitored locally.



The program adopted by the National Weather Service called the "River
Forecast System Forecast Procedures' is quite similar to the Stanford Water-
shed Model [25]. Here the free water potential evapotranspiration is cal-
culated based on Class A Pan evaporation modified by wind travel, water
temperature, and a sinusoidal seasonal adjustment factor. This model has not
taken into account the effect of crop pattern on yield from a watershed.

It is not clear in [25] whether soil moisture availability is considered
in calculating actual ET.

In scheduling irrigation many alternatives exist. In many areas, the
climatic and soil moisture effects are disregarded in favor of irrigation on
a rotational basis at constant intervals. This can result in low yields and
low efficiencies. Due to the fact that evapotranspiration and precipitation
are not uniform during the season, continuous irrigation flow systems are
also inefficient. By controlling soil moisture, efficient irrigation can be
achieved. In estimating soil moisture depletion, a time sharing computer
program was developed by Jensen, Wright and Pratt [7] which helps to deter-
mine the number of days before the next irrigation and the amount of moisture
that is needed. The program is a model which attempts to evaluate the
complex climate-crop-soil moisture interrelations.

The basic principles employed by Jensen with respect to the use of a
daily potential evapotranspiration model which responds rapidly to daily
climatic changes were used in this study. Individual crop transpiration
coefficients, which are input as functions of the stage of plant growth,
are used to compute the actual ET. These adjustments were incorporated

into the Smith and Lumb model.



QUANTITATIVE CONCEPTS OF KANSAS WATER BUDGET MODEL

The following are some general concepts of the Kansas Water Budget Model
as described in Smith and Lumb [5]. The climatological parameters used in
the model are the dally maximum and minimum temperatures and precipitation.
In addition, approximately 50 input watershed parameters are necessary to
describe the watershed. |

The model can be generally described as follows: 1) it is a continuous
model that generates daily outflows, 2) it is a lumped parameter model as
distinguished from a distributed parameter model, which means that average
watershed properties are used whithout regard to spatial distribution, 3) the
general approach is to model as completely as possible the land phase of the
hydrologic cycle, and 4) only readily available climatological, topograph-
ical, and soil data are used for model calibation and verification. The
organization of the model is schematically presented in Figure 1.

Thiessen coefficients are used for obtaining the rainfall averages.
across the basin. After the initial deductions for interception énd de-
pression storage, part of the rainfall goes to surface runoff, while the rest
infiltrates into the soil and increases the upper zone soil storage (UZS).

If the moisture in the upper zone exceeds wilting point during the growing
season, evapotranspiration continually operates to reduce the soil moisture
in that zone. If the moisture in the upper zone exceeds field capacity,
the excess percolates down and adds to the lower zome storage (LZS).

There are two sections in the lower zone, one is the area composed of
valley allﬁvium and is called the lowland lower zone (LZSA), the other is
known as upland (LZST) which comprises the basin upslope. Interflow is the

flow of water from (LZST) when the moisture content in that zone exceeds the
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field capacity. This water becomes surface runoff and flows directly to the
stream. The loss of water from (LZSA) takes place by percolation to the
groundwater storage (GWS) when the moisture content exceeds the field ca-
pacity. Water is also lost from both the upland and lowland lower zones by
evapotranspiration. Water in groundwater storage feeds the streams as
baseflow during dry periods and some storage may be lost by evapotranspiration
of riparian vegetation along the stream banks.

The total discharge from the basin is determined by adding the surface
runoff, interflow, and baseflow. Water is also lost from the stream and
ponds by free surface evaporation.

The following is a brief description of the parameters and procedures
involved in the original Smith and Lumb model. The streamflow routing
procedures are not described since they were not required for a study of a
relatively small watershed. For a complete and detailed description, see

Knapp [8,27].

Precipitation

Daily precipitation is the primary input signal apart from temperature
to the model and is distributed evenly across the entire basin by Thiessen
weighting coefficients. If the daily precipitation at any station within
watershed exceeds 0.1 inch, the precipitation rates for each hour are also
provided since the entire rainfall-runoff response cycle for a storm on small
watersheds occurs often in periods of less than 24 hours. Daily precipitation
data is distributed by means of hourly precipitation fractions over one-hour
periods throughout the rainy day. The hourly precipitation pattern at a

single (sometimes two) hourly precipitation stations is assumed to adequately
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describe the hourly varilation over the entire watershed. The daily and
hourly precipitation data is taken on a midnight to midnight basis from

weather stations located within or near the basin.

Initial Abstraction

The initial abstraction is the quantity of moisture required during the
early stages of a rainfall to wet leafy surfaces and ground surface dep-
ressions. This moisture is held by surface terrain until it is completely
evaporated. The initial abstraction (IA) can be expressed as a linear
function of the antecedent soil moisture according to Hamon [9]. Lumb [10]

modified the linear relationship as described by Knapp [27;pp. 16-17].

Surface Evaporation

Moisture retained on the surface is lost to the atmosphere by evapo-
ration which is assumed to be a linear function of temperature [10].

Surface evaporation is expressed as

ETSUR = ETR (T-30)/50

where
ETSUR = Rate of evaporation from the surface, inches/hour (in/hr)
ET# = Rate of free surface evaporation at 80 °F, in/hr (a constant
derived from pan evaporation records [27;pp. 44]
T = Daily mean temperature in °F; when the temperature is less

than 30 °F, evaporation 1s zero.

Rainfall-Runoff Relation

The United States Soil Conservation Service [26] has attempted to estimate

the amount of runoff that will result from a given amount of precipitation on
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a specific area. The equation used is

P-IA-RO _ RO
S P-IA (1)

where
RO = Direct runoff in inches,
P = Precipitation in inches,
IA = Initial abstraction,
§ = Maximum potential difference between P and RO, in inches.

This relation is a mathematical expression of the assumption that the
ratio of actual infiltration, (P-IA-RO), to potential infiltration, S, is equal
to the ratio of actual runoff, RO, to potential rumnoff, (P-IA). Since S is a
linear function of soil moisture, the upper zone soil moisture (UZS), is
updated hourly to determine a new § as the storm progresses. Eq. (1) can

then be solved directly for RO, as described in (26).

Surface Runoff Routing

The overland flow unit hydrograph method described by Linsley, et. al.
{11;pp. 238-241] is used to temporarly distribute the surface runcff, RO,

and to deliver it to the watershed outlet.

Infiltration and Storage

Infiltration through a soil depends upon the type of soil. It is
maximum in sandy soils and minimum in clay-type soils. FM represents the
minimum infiltration capacity. Ranges of FM for different soils have been

obtained by Musgrave and Holton [12].
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Upper Soil Zone

Infiltration from the surface adds to the moisture in the upper
soil zone. UZMX denotes moisture at complete saturation. UZMN is moisture
at wilting point and UZSN is the moisture at field capacity. Each of these
values are dependent on soil texture. When moisture exceeds the wilting
point, evapotranspiration takes place, and when the moisture exceeds the

field capacity, percolation to the lower zone takes place.

Percolation

The following relationship is developed by Wilecox [13] computing per-
colation from upper zone to lower zone. Percolation will occur when the
moisture is greater than field capacity, and is maximum at complete saturatiom.

K

PERC = K, (UZS) 2 (2)
where
PERC = Percolation,
Kl = Permeability of the soil in the vertical direction, in/day,
K2 = Parameteric comnstant for a seoil,
UzS = (UZS-UZSN)/ (UZMX)-UZSN).

Evapotranspiration from Upper Zone

Evapotranspiration being dependent upon atmospheric conditions and soil
moisture, is calculated from a relationship presented by Lumb [10; pp. 38-44]

and Smith and Lumb [5;pp. 11-15], and is as follows

CX
( log,,(Vzs)-1og, , (UZMN) (T-30)

(log, o (UZMX)-1og, , (UZMN) ) (PCU) (3)

ETUZ = ET80
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where
ETUZ = Evapotranspiration actually taking place from upper soil zone,
in/day,
CX = Parametric constant of soil,

T = Daily average temperature, in °F,

PCU Fraction of evapotranspiration from upper soil zome, and

ET80

Potential evapotranspiration rate at 80 °F, in/day/°F.

When the temperature is less than 30 °F, evapotranspiration drops to
zero. The potential ET (ET80) constant has values ranging from about 0.4
in/day in warm months to 0.1 in/day in cold months. In the Smith and Lumb
model, the potential ET is computed by multiplying ET80 by the linear
temperature (T-30/50) function. Actual ET is assumed to be a logarithmic

function of the available soil moisture.

Lower Soil Zone

The soil underlying upper soil zone is called the lower zone. It
receives its moisture through percolation from the upper zone. It loses its
water content either by ET or by downward percolation to the groundwater
zone. The soill texture plays an important role in determining the quantity
of moistureleither lost by evaportranspiration or by recharging the aquifier.
Sometimes, depending on the terrain of the watershed, water may be lost from
lower zone through interflow. This flow only takes place when the profile of
lower zone in the upland regions intersects the ground surface and water

flows direct to the stream.
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Evapotranspiration from Lower Zone

The same type of formula used for ET from upper zone is used to
determine the evapotranspiration from lower zone, with a slight modification.

The equation involved is as follows

A ( 1og10(LZS)-1ong(LZPM) ai (T-30) PCL (FRAC) 4)
(loglO(LZMX)-loglo(LZMN) 50
where
PCL = Fraction of evapotranspiration attributed to lower zone and is
equal to (1-PCU).

FRAC = This term controls the seasonal variation of evapotranspi-
ration. It is zero for winter months when plants are dormant
and transpiration ceases. It is equal to unity for summer
months when the evapotranspiration is high. The transition
period for values between zero to unity occurs when the
growing season begins or is about to end.

Interflow

Water which enters the streamflow from lower zone without entering the
groundwater zonme is called interflow. This usually takes place from the
uplands of the lower zone at a time when soil moisture exceeds field capa-
city. The following equation is used to determine interflow. (See Figure

)iz
IFW = -1oge(Kr)(£E§) (5)

where

IFW = Interflow rate, in/day,



15

Kr = Recession constant,

LZS = LZS-LZSN, in inches.

Groundwater Zone

The zone underlying lower zone is called the groundwater zone. It
primarily derives its water content through recharge from the lower zone. It
acts as storage reservoir and may be an aquifier if it can deliver a useful
water supply. In Kansas, this zone is often hydraulically connected to the

stream and maintains a baseflow to the stream during droughts.

Riparian Evapotranspiration

This factor has been introduced in the program to account for the loss
of water from the groundwater zone near the interaction point with the
stream. Plants grown on the banks of streams get moisture from the stream

and the underlying groundwater zome. The following equation is used.

ETBF = ETSTR(RUNOFF)PWRE £I§%gl FRAC (6)
where
ETBF = Transpiration rate from streamflow, cfs/day,
ETSTR = Potential transpiration rate from stream flow at 10,000 cfs
and 80 °F, cfs/day,
RUNOFF = Streamflow, cfs,
T = Average daily temperature, °F,
PWRE = Parametric Constant (less than 1.0), and
FRAC = Seasonal transpirational factor (0 or 1).

In the new model this factor has not been taken into account, although

it could have been incorporated. Instead, evaporation from the stream has
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been determined by taking it as part of the free surface available in

addition to the ponds.

Streamflow

The total streamflow measured at a recording station is the sum of the
direct surface runoff, interflow, and baseflow. These are calculated on a
daily basis which are later summed into monthly and yearly values. These
simulated daily flows are statistically compared with the observed daily

discharges to determine the relative performance of the model.
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DEVELOPMENT OF THE NEW EVAPOTRANSPIRATION MODEL

The daily actual evapotranspiration in the Smith and Lumb model des-
cribed in the last section is determined by multiplying a constant potential
ET rate (ET80) by a linear mean daily temperature function and a logarithmic
so0il moisture function. The primary advantage of this method is simplicity,
in that it requires only temperature as a climatic factor. The ET80 constant
can be adjusted so that long term ET rates (monthly and yearly) correspond to
ordinarily accepted values. If the ET model is to be responsive on a daily
or weekly basis, however, other important climatic factors which govern the
process must be brought into the model. These factors are generally accepted
to be solar radiation, humidity and wind speed. Similarly, the actual ET
that occurs under a given set of climatic and soil meoisture conditions is
dependent upon the type of vegetation on the watershed and the stage of plant
growth. An ET model which accounts for each of these factors is described in
a paper by Jensen, Wright, and Pratt [7]. The Jensen model was selected for
detailed study and was programmed into the Smith and Lumb model. The basic

mathematical expressions are presented as follows:

ETA = ETP[(K ) (K,) + K] (7
where
ETA = actual ET in inches,
ETP = potential ET in inches,

K = a coefficient to account for the variation in water use by
different types of crops in different seasons (crop coeffi-

cient),
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a coefficient to account for differences in availability of
water for evapotranspiration at different soil moisture
contents, and

a coefficient indicating the presence of free water surfaces

that would cause increased evaporation immediately following

rainfall.

Penman Combination Equation

The potential evapotranspiration (EIP) was determined using the Penman

Combination Equation. This equation has been used by researchers working on

water use by irrigated [14], and is a compromise between a completely rigo-

rous theoretical approach and a practical approach requiring limited data

sources. It is a combination of the energy budget method and the mass

transfer method for predicting evaporation, with empirical approximations for

some factors,

where

ETP =

and is of the following form:

A Y
ETP = K_‘:}-(RN-G) + A—+—Y(EA) (8)

potential evapotranspiration in millimeters, converted to
inches by dividing by 25.4,

heat flux to or from the soil in calories per square centi-
meter as a result of rapid changes in air temperature [G =
(average air tempcrature minus the average air temperature for
the three previous days in °F) x 5]. During the summer
months where day-to-day temperatures do not change greatly and
day-to-day radiation is similar, soil heat flux 1s relatively

small and can be neglected. During the winter months, as
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ET is inhibited, G's effect upon ET is small, and can be
neglected, thus, G = 0 in the program,
RN = daily heat budget at the surface in millimeter of water,
A = slope of the saturation vapor pressure-temperature curve,
(de/dt},
¥ = psychrometric constant,
EA = a function of wind speed and humidity as explained subse-
quently.
The first term to the right of the equal sign in Eq. (8) represents
potential evaporation as a result of incoming solar radiation, while the
second term represents the contribution of aerodynamic processes to evap-

oration. Hence the equation is called a combination equation.

Derivation of Parameters

Q§%;) and 63};) are mean air temperature weighting factors whose sum is
1.0. Table 1 summarizes these parameters versus mean air temperature as
computed froﬁ the Smithsonian Meteorological Tables [24,14]. The derived
values of A/(A+y) were plotted against temperature, T, in °F on logarithmic
graph paper to derive an equation to be used in the new model (see Figure 3).

If (A (aty)) = a(T)b, then log (A/(A+y)) = log a(T)b = log a + b log T.
When T=1, log (A/(A+y)) = log a, hence (A/(A+y)) = a for T =1 and b = the
slope of the line. The values for a and b were 0.039 and 0.673, respectively,

as shown in Fig. 3. In the model (A/(A+y)) = DELTA and (y/(A+y)) = GUM. So

DELTA = 0.039(T)0'673 (9)

GUM = 1.0 - DELTA (10)

Eq. (9) avoids the inconvenience of data tables and interpolation routines.



Table 1. Values of A/A+y and y/A+y

Versus Temperature

Air Temperature
Degrees Cfntigrade Degrees Fahrenheit A Ay v/ Ay
C °F

33.8 0.417 0.583

41 0.478 0.522

10 50 0.552 0.448
15 59 0.621 0.379
20 68 0.682 0.318
25 77 0.735 0.265
30 - 86 0.781 0.219
35 95 0.819 0.181
40 104 0.851 0.149

21
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A 0.673
Y+h 0.039(T)
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Figure 3. Mean Air Temperature Welghting Factor
Versus Temperature.
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The aerodynamic term in Eq. (8) is given as [15]:

EA = f(u)(ES-ESA) (11)
where
f(u) = function of wind speed,
= 0.36(1.0 + 0.01 WVD) (12)
WVD = mean wind velocity at 2 meters above the ground in miles per
day,
= W(log 6.6/lcg h) where W is measured wind velocity in miles/day
at height h in feet,
ES = mean saturation vapor pressure in millimeters of mercury, at

mean daily air temperature. It is given by the following -
equation according to [28].

log(ES/6.105) = (10.9533(ABST-273.16)/ABST) - 5.31 log(ABST/273.16)
(13)

where
ABST = temperature (°K) absoclute Kelvin.
Eq. (13) gives values in millibars. It is multiplied by 0.75007 to
obtain millimeters of Mercury.

ESA = actual vapor pressure of the air. It is obtained from
multiplying saturation vapor pressure by the mean relative
humidity,

= FS x RHD.
The heat budget term in Eq. (8) is a function of solar radiation as
follows:
RN = (1-R)RSI - RB (14)

where
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RSI = total solar radiation incident to the water surface,

= RA(a+b) (PSUNS))

hence
RN = (1-R) RA(a+b) (PSUNS)) - RB (15)
where
R = mean daily shortwave reflectance or albedo and is taken as
0.20 to 0.25 for most green crops. In the program it is taken
as 0.20,
RA = Extra-terrestrial solar radiation on a horizontal surface in
millimeter of water evaporated per day. The following average
monthly values of RA for 40° North Latitude [after Criddle 15]
were used in the program: J - 6.0; F - 8,3; M - 11.0; A - 13.9;
M- 15.9; J - 16.7; J - 16.3; A - 14.8; S - 12.2; 0 - 9.3;
N - 6.7; D — 5.5.
PSUNS = Percentage of possible sunshine,
a, b = constants for different geographical locations. The values
used are 0.22 and 0.54 respectively, which were obtained for
Virginia [15]. These were the nearest application values
available in the literature,
RB = Actual outgoing longwave radiation,
= PE(1-E)(0.1 + 0.9(PSUNS)) (16)
where
PE = o(ABST)"/58.1 (17)

- 2. 4
o = Stefen-Boltzmann Constant (1.17 x 10 d cal/em”°K /day),
E = emissivity, which is always a fraction, and stands for the
emission characteristies of the surface. It relates to the

black body radiation. The emissivity factor for water varies
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from 0.906 to 0.985. According to Brunt [15], E = a+b YESA
where a and b are empirically derived coefficients. The
values for Kansas are taken for Oklahoma, being 0.40 and
0.047, as derived by Anderson in [15].

Thus combining Equations 15, 16 and 17, we obtain

RN = (0.8) RA [0.22 + 0.54(PSUNS)]

_ [c(ABST)4
58.1

(0.4-0.047 vESA) (0.14+0.9(PSUNS)]  (18)
While the expanded form of the Penman Combination Equation (Eq. 8), is
unusually cumbersome, only four climatological parameters are required for
solution, namely, mean daily temperature, mean daily humidity, wind travel in
miles per day, and daily percentage sunshine. While the latter three are
regularly recorded at only five first-order stations in Kansas (Topeka, Con-
cordia, Wichita, Dodge City, and Goodland), these stations cover the broad
climatic regions of the state. Also, it is ;easonable to assume that humidity,
wind travel, and solar radiation are generally less variable than temperature
across the state. Since temperature has a large influence and is usually
locally available, the addition of the other three climate factors, although
taken from a remote source, should enhance the weekly, and even daily,
response of the model. Since there are only a few stations which have these
records, the data collection and processing for the state also does not
represent an overwhelming task. Thus, while the Penman approach appears

unwieldy, once programmed, it is not significantly more difficult to handle

than the Smith and Lumb method.



26

Computation of Actual Evapotranspiration

The actual evapotranspiration is determined in Eq. (7) by multiplying
ETP by the dimensionless coefficient [KcKs + Kw]'

Kc 1s a coefficient to account for the variation in water use by differ-
ent types of crops at different seasons. The values for Kansas are published
by United States Department of Agriculture Soil Conservation Service [16].

Ks is a coefficient to account for difference in availability of water
for evapotranspiration at different soill moisture contents. It is relative
coefficient related to the available so0il moisture. The value of Ks was
calculated by a method suggested by Jensen [7]. It is assumed to be propor-
tional to the logarithm of the percentage of remaining available soil moisture
by the following relation;

K, = In(PSM+1)/1n(101) (19)

where
PSM = Percentage available soil moisture in the upper and lower
zones.

The maximum value of KS is limited to 1.0 when the soil moisture in the
upper and lower zones is equal to or greater than the field capacity.

During a prolonged dry period, the crops and vegetation may reach the wilting
point, in which case K falls to zero and evapotranspiration is completely
inhibited.

Kw 1s a coefficient to account for the fact that evaporation occurs at a
faster rate from a free water surface or a saturated soll surface. This
factor would start out at a high value immediately following a rainfall
period, and would decrease as the soil surface dries out, until it would

eventually become negligible. Kw can be estimated as (7):
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-t
K, = [1.0 - (K)(K))]e (20)

where

A = a function of avallable moisture for direct surface evapo-
ration. The value of X 1s 0.3 In this model to give values
comparable with those in Jensen [7].

t = The number of days since the last rainfall occurred. It is
equal to zero on the day of rainfall and increases by one
daily until the next rainfall.

The actual evapotranspiration is less than or equal to potential evapotrans-
piration so that the sum of [(KC)(KS) + KW] should always be less than or
equal to 1.0.

For the purpose of deducting the soil moisture consumed as a result of
actual evapotranspiration, it was assumed that 40 percent is taken from upper
zone and 60 percent is taken from lower zone. For the daily computed values
of upper and lower zone soil moistures, the ETA fractions are deducted to
give a new value of upper and lower zone soil moisture for the next day. The
allocations to upper and lower zones respectively are equivalent to PCU and
PCL described in Knapp [8,27]. The free surface evaporation from ponds and

streams is computed as

ETPS = ETP(PONDAR/ARFA x 640) (21)
where
ETPS = Evaporation from pond surface, inches
PONDAB = Area of exposed open surfaces of water, acres
AREA = Area of the watershed, milez.

The total actual evapotranspiration is therefore given as follows:

ETA = ETP[(KC) (Ks) + Kw] + ETPS (22)
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Equation (22) is a simple expression of the new ET model which was
programmed into the Smith and Lumb model. This new model was tested and
compared to the original Kansas Water Budget model on the Black Vermillion
Wastershed as described in the following section.

Figure 1 has been modified in Figure 4 by incorporating the additional
input climatic parameters such as relative humidity, percentage of sunshine,
solar radiation and wind velocity. Surface evaporation is now grouped
together as collectively as from interception storage, pond storage and
from the streamflow. The effect of crops have been added to determine
actual evapotranspiration from the upper and lower zome. Total actual
evapotranspiration is then the combination of surface evaporation and actual
evapotranspiration from the upper and lower zones. Subroutines other than
those relating to ET are the same as those presented by Knapp [7] for the

original model, as discussion in the previous sectiom.
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TESTING OF THE NEW MODEL

In order to compare the performance of the new model compared to the
Smith and Lumb model, both models were tesfed on the Black Vermillion basin
for the time period 1954 through 1967. The only difference in model input
parameters for the two models are the additional climate factors of relative
humidity, wind velocity and percent sunshine data required for the new poten-

tial ET function, and the crop coefficients required for actual ET.

Description of Watershed

The Black Vermillion basin, as shown in Figure 5, is located in North~
eastern Kansas near the Nebraska state border. It drains 412 square miles,
of which 308 square miles are in Marshall county, 100 square miles in Nemaha
county and about 4 square miles in Pottawatomie county.

The area is characterized by low topographic relief and includes large,
extremely flat sections. The total relief is approximately 283 feet. Moderate
annual precipitation of 32 inches characterizes its climate with a wide range
in temperature, along with moderately high average wind velocity and compara-
tively rapid evaporation. The range of annual precipitation is less than 20
to more than 55 inches. The mean annual temperature is 54 °F with annual
extremes of over 100 °F to below zero. The mean hourly wind speed is approx-
imately 11 miles per hour. The average 6 a.m. relative humidity is approxi-
mately 80Z.

Agricultural activity is prevalent throughout the area, with wheat,
sorghum, cbrn, soy beans, pasture and alfalfa being the principal crops.
Almost all of it during the study period was grown by dry farming techniques,

and the yield depends on the water supplied by precipitatior. The entire
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watershed has a low well yield. Generalized tests performed gave well yields
from 10 to 100 gallons per minute [17]). The saturated thickness of the
unconsolidated deposits range between 40 to 80 feet [17]. The depth to water
is generally 20 feet or less in the major stream valleys [17]. 1In the upland
areas the depth ranges from 20 to 50 feet except in scattered local areas
where it may exceed 100 feet. The estimated acre feet of water in storage is
roughly 1.5 million [17] which is about 69 acre-inches per acre. Woodlands
comprise less than 2 percent of watershed and therefore no special consider-
ation was made for trees in the evapotranspiration model.

The Black Vermillion River has been gaged continuously since 1954 at
Frankfort in Marshall county. These records were used for the comparison to
computed basin discharge. Due to the watershed development construction
activities which were begun in 1967, the new model was tested for the 1954-67

period in which the basin characteristics were relatively static.

Basin Data and Input Parameters

This section deals with the basic parametric input data required to
test the model on the Black Vermillion. A complete listing of all the final
input parameter values discussed in the following sections is included in
Table 2. Some of the values were not used in the new program as a result
of revising the ET functions as noted.

The minimum infiltration capacity, FM, is the smaller of the upper or
lower soil zone percolation rates at complete saturation. It is dependent on
soil type and is explained fully in {27]. The value used is given in Table
2. The maximum potential difference between precipitation and surface
runoff, in inches, is termed storage. SBI and SMI are the parameters used to

define the linear relationship between storage and upper zone soil moisture.
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Its values were adjusted for the watershed as described in [27;pp. 46]. The
values used are given in Table 2,

That portion of the moisture which neither contributes to surface runoff
nor infiltration, and instead, is stored on the surface is termed Initial
Abstraction. It is lost to the atmosphere by evaporation. The initial
abstraction (IA) varies with upper zone soil moisture. It is expressed as
the linear function of the antecedent soil moisture. The linear relationship
was modified by Lumb [10] and is comprised of three straight-line segments.
The upper left segment of the curve in Figure 6, which is at low values of
soil moisture, includes the moisture lost to surface depression storage and
interception. The relationship used is

IA = B-C(UZS) (23)

The middle segment includes parameter IBl and IM1 which marks the transition
stage between initial abstraction and surface depressibn storage. The ini~
tial abstraction is in the form of wetting dry vegetation. ‘The relationship
used is

IA = IB1-IML(UZS) (24)
When the soil moisture level increases, the losses due to initial abstraction
and from wetting the soil and vegetation surface are assumed to be a con-
stant. The minimum value of TA is the IIA parameter. All the above values
were adjusted for the watershed as described in [27;pp. 46-47]. The values
used are given in Table 2.

The soil moisture at complete saturation in the upper and lower zone are
termed UZMX and LZMX, respectively. Wilting point moisture levels are
denoted by UZMN and LZMN for the upper and lower zone. Moisture at field
capacity is represented by UZSN and LZSN. The soil moisture values are

dependent on soil type. The Black Vermillion has predominantly Wymore and
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Pawnee Solls. Wymore is a silty clay loam topsoil which is generally about
10 inches thick. Pawnee is a clay loam which comprises the lower zone in the
watershed model.

The upper zone soil parameters for silty loam soil including the mois-
ture content at wilting point, field capacity and saturation, were obtained

from Table 7.4 of Israelsen and Hansen [18]

it

Percentage of Moisture by weight at wilting point = 15 Z%

Percentage of moisture by weight at field capacity = 31 7%

Apparent specific gravity = As = 1.3

Pore space by volume = 51 %

Percentage of moisture by weight at saturation = 12% = 39.2%
Depth of upper soil zome = 10 inches

UZMN = Moisture at wilting point

A5 x 1.3 % 10 _ ;
= 100 1.95 inches

UZSN = Moisture at field capacity

31 x1.3 x 10 _ A
100 = 4,03 inches

UZMX = Moisture at saturation

= 39.2 x1.3 x 10 _
100 5.096 inches .

The lower zone soil is a clay loam and the values of moisture at wilting
point, field capacity and saturation were calculated in the same way as the

upper zone soil moisture.

13

o~

i

Percentage of moisture by weight at wilting point

Percentage of moisture by weight at field capacity = 27 %
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Apparent specific gravity = As = 1.35
Pore space by volume = 49 7
Percentage of moisture by weight at saturation = Tﬁ%E = 36.30%
Depth of lower soil zone = 30 inches

LZMN

Moisture at wilting point

e L iégs x 30 _ 5.265 inches

LZSN = Moisture at field capacity

_ 27 x1.35 x 30

100 = 10.935 inches

LZMX = Moisture at saturation

1]

_36.3x1.35x 30
100

= 14,7 inches

The movement of water downwards from the upper zone to the lower zone is
percolation. It only occurs when the moisture content in the upper zone
exceeds the field capacity. PERC and RECGW are the functions governing this
in the Smith and Lumb model. The parametric constants which govern PERC and
RECGW for a particular type of soil are UBP, UMP, RGWB and RGWM, where UBP
and RGWB are the upper and lower zone permeabilities, respectively, at com-
plete saturation. UMP and RGWM are the exponents for the upper and lower
zones for PERC and RECGW, respectively. RECGW is the.recharge from the lower
zone to the groundwater zone. The values used are given in Table 2, which
can be determined from the study by Wilcox [13].

The lateral movement of water in the lower soil zone 1s interflow. It
is dependent upon soil type and topography. The recession constant used in

the interflow relation is IKR, and its value is taken as 0.98.



Table 2. List of Input Parameters for the Black Vermillion

Parameters Value Used Units
CKN (1) thru 0.010, 0.025, 0.065, 0.080, 0.085,
CKN (20) 0.090, 0.100, 0.075, 0.065, 0.060,
0.055, ©0.050, 0.045, 0.040, 0.035, None
0.030, 0.025, 0,023, 0.021, 0.021
§B1 30.500 _ None
SML 6.000 Noune
IBl 0.375 None
IML ‘ 0.150 None
UZSN 4.030 Inches
UBP 9.000 None
UMP 2.000 None
UzZMX 5.096 . Inches
UZMN 1.950 Inches
LZMX 14,700 Inches
LZMN - 5.265 Inches
ETBOM (not used in
new model) 0.220 ) None
CX (not used in
new model) 0.900 None
YSTRT 54,000 ' None
IKR 0.980 None
PCL (not used in
new model) 0.550 None
RGWB 6.000 None
RGWH 2.000 None
GWSN 69.0G0 Inches
BK 0.990 Rone
AGW 0.200 None
PDY . 0.100 Inches
TLL 7.000 None
LZS5AN 10.935 Inches
LZSTN 10.935 Inches
AREA 412.000 Sq. miles
UZs0 3.000 Inches
LZS0 9.100 Inches
CWSo _ 69.500 Inches
YREND 67.000 None
GWaF 0.000 None
PORF 0.0833 None
Ita = 0.020 Inches
CWMN (not used in
: new model) 20.000 Inches
FTPOND 0.000 None
ETR (not usecd in
new model) 0.010 Inches
FM 0.180 Inches
POWER 1.000 None
PWRE 0.100 None
QUANTY 0.600 None
B . 1.260 None
C 0.700 None
PONDDP 0.500 Feet
PONDAR 500.000 Acres

2ZT 1.000 None
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Snyder's [19] method was used for constructing the initial unit hy-
drograph for the basin. Since his method was developed for use in hilly
Applachian watersheds and the Black Vermillion has a relatively low relief,
it was modified to delay the temporal distribution of surface runoff for its
arrival at the Frankfort gaging station. CKN (1) through CKN (20) are the 6
hour incremental areas of the unitgraph given in Table 2.

The crop coefficlents are additional parameters which are required for
the new program and are not listed in Table 2. K. was determined for diffe-
rent crops in the’watershed using the percent of daylight hours at 38.5°
North latitude. The values are given in Table D, pp. 66, of the "Kansas
Irrigation Guide and Irrigation Planners Handbook" [16]. The values adopted
are given in Table 3.

The affect of KC is weighted by the crop's percentage coverage of the
total watershed area. These percentages, along with the symbols used in the
program, are given in Table 4 as an average for the 1954-67 time period.

The principal crops grown in the basin are wheat, sorghum, corn, beans,
pastures and alfalfa. The acreage of these crops were obtained from Kansas

State Board of Agriculture Annual Reports [20].

Climatological Data

A watershed simulation package is calibrated by comparing a generated
or simulated streamflows to observed streamflows using climatological
records as input. The simulation is conducted on a daily basis for a
given period of record (at least 10 years). For the Black Vermillion
simulation; part of the historic climatological data was stored on magnetic

tapes and part was stored on cards.



Table 3. Values of Crop Coefficients, K

c
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Month Wheat Sorghum Corn Beans Pastures Alfalfa
January 0.30 —— - —-— ——  ——
February 0.40 — —_—— ——— —— —_—
March 0.60 S e ——— ——— —
April 0.85 i e ——— 0.50 0.55
May 1.10 i 0.15 e 0.65 0.70
June 1.06 0.25 0.45 0.35 0.90 0.90
July — 0.85 1.00 0.95 0.85 1.00
August —_— 1.10 1.00 _0.75 0.85 1.00
September —_— 0.75 0.85 — 0.90 0.85
October 0.45 0.30 0.60 - 0.55 0.60
November 0.40 —_— —— ——— ———— ——
December 0.30 ——— — ——— S —————




Table 4. Average Crop Acreage for the
Black Vermillion as a Fraction
of Watershed Area (1954-67)

Fraction of

Crop Symbol Watershed Area
Wheat CKW 0.0882
Sorghum CKSG 0.2346
Corn CKC 0.0449
Beans CKSB 0.0281
Pastures CKP 0.5571

Alfalfa CKA 0.0471
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The magnetic tape record for the Black Vermilliion basically consists of
14 one-year records of daily climate and streamflow data. A summary of the
magnetic tape data organization is given in Table 5. A record for a given
year begins with the Thiessen polygon coefficients, a leap year identifier,
and ITHAW and IFREZ for the initiation and termination of evapotranspiration.
These constant values are followed by the daily values of the date, stream-
flow, maximum and minimum temperature and the day's precipitation at each of
the precipitation stations. If any of the precipitation stations record more
than 0.1 inch on a given day, the hourly rainfall data describing the distri-
bution of the precipitation over the 24 one-hour periods in the day are
given. Four weather stations located within or near the watershed boundaries
provided the daily precipitation records, while one station, Centralia, pro-
vided the daily temperatures for the 1954-67 period. The Frankfort precipi-
tation record was used for the hourly data, while the streamgaging near
Frankfort provided the daily streamflow records.

The climatological data on the cards from Topeka consists of daily
extraterrestrial solar radiation on a horizontal surface for 40° North
latitude, relative humidity at 6 a.m., 12 noon, 6 p.m. and midnight, the
percentage of possible sunshine duration and the average wind velocity in
miles per hour [21]. The RHD defined previously is the average of the four
daily relative humidities. The wind velocities are recorded at a height
above ground of 30 feet. These values were corrected to a height of two
meters by the formula

- log (6.6)
WVDZ meters WVD30 ft. log(30) (25)

for use in the ETP equation.
The Topecka data was readily available from the Weather Data Library of

the Kansas State University Physics Department [21].



Table 5. Climatologlcal Parameters

Black Vermillion REiver Climatological Data Base Vardiables

Variable Identifier Description Units
Annual Data On Tape
TOTAIM (LK, 8) Estimated average monthly baseflow cfs
CK Thiessen polygon coefficlent
LY = 1 during leap year
= ( for other years
ITHAW Initiates evapotranspiration
IFREZ Terminates evapotransplration
Daily Data On Tape
P24 (1) Date 1dentifier yr-mo-day
P24 (2) Dally streamflow (Frankfort) cfs
P24 (3) Blank
P24 (4) Centralia maximum temperature °F
P24 (5) Centralia minimum temperature °F
P24 (6) Frankfort daily precipitation in.
P24 (7) Blank
P24 (8) Ceantralla daily precipitation in.
P24 (9) Axtell dadly precipitation in.
P24 (10) Marysville daily precipitation 2 in.
P24 (11) Blank
Hourly Data On Tape

{present only if P24
{6,8, 9 or 10) preater
than 0.1 in.)

PDATE Date ddentifier
Pl (1-24) Frankfort hourly precipitation fractions
Daily Data On Cards
BA Extraterrestrial solar radiation mm/day
RRD1 Relative humidity at 6 a.m.
RHD2 Belative humidicy at 12 noon
RHD3 Relative humidity at 6 p.m.
RHD4 Relative humidicy at midnight
PSUNS Percentape of daily possible sunshine

WVH Average wind travel per hour miles/hr
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The model was calibrated by selecting the parameters in Table 2 from
published ranges of values as in Knapp [8,27]. The model is then run for one
or two years in order to get the best fit between calculated and observed
discharges. This is a hand calibration procedure which depends very much
upon the selection of several parameters which highly influenced the charac-
teristics of the hydrograph. These important parameters are SBl, SM1, FM,

AGW and all soil moisture coefficients.
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SUMMARY OF RESULTS

The effects of the modification of the evapotranspiration function in
the Kansas Water Budget Model are examined by comparing the results of
history matching for the Black Vermillion Basin. The annual summary tab-
ulations for the new model and the Smith and Lumb model, respectively, are
given in Appendix B. Also in Appendix B is a computer printout of the
revised program along with the history matching hydregraphs for the year
1964.

Table 6 compares the values of the actual evapotranspiration obtained
from the new model and the original Smith and Lumb model. Both the models
behaved well with regard to long term evapotranspiration and responded well
to soil moisture depletion. This can be judged from the results obtained by
the new model for the drought years 1954 to 1956. Though the potential ET
increases, the actual ET decreases as the soil moistures declined. Similar
such fluctuations were reflected during the rest of the simulation period.
Figures 7 and 8 are comparison plots of the computed annual and cumulative
annual potential and actual evapotranspirations. The average value of
potential evapotranspiration for the l4-year record is 45.1 inches, which
corresponds closely to the average value of the free surface shallow lake
evaporation of approximately 48 inches for this area. The average annual
value of computed actual evapotranspiration, based on crop coefficients and
available soil moisture is 26.8 inches. It is somewhat higher, as expected,
than the value of 24.21 inches reported by Saxton [22] for Treynor, Iowa.

Figure 9 is a plot of cumulative observed and calculated total and
baseflow discharges for the l4-year period. At the end of the simulation

period, the new model has yielded 12.8 percent more discharge than the actual
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Table 6. Summary of Potential and Actual Evapotranspiration
For the Black Vermillion (1954-67)

Basin
Evapoigzzzsii;tion Precigzzziion, fetusl Pyaputranspleation, 30,
{New Model), in. in. New Model Smith & Lumb

1954 48.82 26.39 30.5 24

1955 49,69 23.46 27.68 20.1
1956 51.30 18.97 25.70 17.0
1957 47.01 34.08 26.98 23.15
1958 40.85 36.08 24.97 24.50
1959 44,53 41.80 28.45 26.10
1960 41.68 _ 29.73 27.60 ' 24.73
1961 42.33 | 38.62 27.37 24,60
1962 43.64 34.65 29.50 26.75
1963 48.40 21.91 24.47 22.70
1964 45.89 33.21 26.31 22.60
1965 ' 41.24 36.00 26.23 25.10
1966 44.60 22.52 26.32 22.18

1967 41.30 35.37 24.38 23.82
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Figure 9.

Plot of Cumulated Total and Baseflow Discharges.
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basin. The high discharge can be traced to several very high values of
interflow particularly during 1959 and 1963. The new model did as well as
expected during the adjustment period, particularly 1954 when the response is
dominated by the assumed starting conditions. During most of the simulation
period the calculated hydrographs and peak runoffs closely matched the ob-
served values. As can be seen from summary tables in Appendix B, both models
under computed runoff as a result of winter storms. This is partly due to
the fact that the stage-discharge relation at the Frankfort station is
affected by ice, but primarily due to the fact that neither model has a snow
accumulation or snowmelt function.

The relative performance of the two models is indicated by comparing the
correlations of simulated to observed daily flows. This type of correlation
indicates the degree to which simulated record follows the daily fluctuations
of the observed record. That is, a high correlation coefficient indicates
that the predicted flows rise and fall identically with the observed daily
flow. Lower correlations result as predicted flows become "out of phase”
with the observed flows.

The annual correlation coefficients for the two models are compared in
Table 7 and Figure 10. The overall correlations of calculated to observed
daily streamflows for the 1954 through 1967 study period were improved from
0.53 to 0.78 with the revised model. The correlations are computed by the

formula

{DAC) (DSY)

CCOREL = (26)

2
(DAC)2 * (DSY)
where

CCOREL = correlation coefficient,



Table 7. Summary of Annual Correlation
Coefficients for the Black
Vermillion Simulation (1954-67)

Year New Model Smith & Lumb
1954 0.882 0.855
1955 0.722 0.149
1956 0.518 0.672
1957 0.811 0.618
1958 0.801 0.754
1959 0.798 0.575
1960 0.77 0.134
1961 0.784 0.484
1962 0.795 0.582
1963 0.833 0.617
1964 0.757 0.506
1965 0.733 0.551
. 1966 0.832 0.509

1967 0.873 0.498




51
90

|
1
|

50

Percent

40

New Model —_— -
10 / 01d Model

20

10

58 59 60 61 66 67
YEARS

 Figure 10. Comparison of Amnual Correlation Coefficients.



Percent of Time Flow Exceeded

1001

80 1

60 1

40

201

52

\ '\\ Observed

New Model

LY

‘\\ 01d Model e

b Y

N\

-
>

10.1 100 10000

-

Figure 11. Daily Flow Duration Curves.



53

DAC = the difference between the daily observed streamflow and
the daily average observed streamflow for a month,

DSY = the difference between the daily computed streamflow and the
daily average computed streamflow for a month.

Figure 11 shows the various daily flow duration curves. It can be seen
that during flows less than 10 cfs and more than 400 cfs, the computed curves
closely matched the observed curve. For flows between 10 to 400 cfs the
computed flows exceeded observed flows 12 percent for the new model and
20 percent for the Smith and Lumb model. This is again an apparent consequence
of high interflows for both models.

The computer simulations were performed using the IBM 370-58 computer at
Kansas State University. The cost of simulation is high due to the large
quantities of data which must be handled in the processing. The cost of the
14 year simulation of the Smith and Lumb model was $104 while the new model
cost $110. In view of the cost, not a great deal of time was spent in finely
adjusting the parameters for the Black Vermillion, since the primary purpose
was for relative comparison. But it is also noted that the new model is not

much more expensive than the Smith and Lumb model.
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CONCLUSIONS AND RECOMMENDATIONS
Conclusions

On the basis of the results obtained from this study, the following
conclusions can he drawn.

The correlation coefficients are improved from 0.53 to 0.78 by altering
the evapotranspiration function as adopted by the new model. It indicates
that the new model is more responsive to the daily climatic changes over the
basin and also to the crop patterns in the watershed. Thus, In the determi-
nation of actual evapotranspiration, the combined effects of relative humidity,
sunshine, wind velocity, solar radiation and the crop patterns apparently -
improves the fidelity of the Smith and Lumb model.

The effect of the new evapotranspiration function on the digital model
of the hydrologic cycle of the watershed was quite obvious. Both the new
model and the Smith and Lumb model were tested on Black Vermillion‘watershed
with the same basin input parameters. The new model gave low values of
surface runoff as well as baseflow. The behavior could be attributed to the
overall high values of actual evapotranspiration computed by the new model.
This decreases the soil moisture in upper zone which increases infiltration
and results.in low runoff. Also more moisture is depleted from lower zone in
the form of evapotranspiration, which reduces the recharge to the aquifer and
results in lower baseflows in the Smith and Lumb model.

The Smith and Lumb model could be modified to increase evapotranspiration
by changing the ET80 value, and both models can be adjusted to provide a
better match of the long term runoff values. The primary advantage of the
new model is the better response over short time periods, especially in dry

periods during the growing season of days or weeks in length. More impor-
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tantly, the model can be used as an improved generator of low flow frequency

curves, and as a planning tool in the efficient utilization the water re-

sources of an agricultural watershed.

Recommendations for Further Research

The following are recommendations for further research and improvements:

1.

3.

This model cannot be called a general one, for it needs to be
tested on other watersheds within Kansas for which the climatic
input parameters are easily available. This would make the new
model more useful and beneficial.

The most important function in the model that needs consideration
is the evaluation of interflow. It was not touched during this
study, as attention was more given to the evapotranspiration
function.

Both the models under computed runoff from winter storms. A
function should be incorporated for the snow and snowmelt relation—
ships during and following winter storms, even though precipitation
and baseflows are small during these months. Efforts should be

made to add snowmelt functions as pointed by Smith and Lumb and

Knapp.
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10'

11.

12.

13.
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Streamflow Hydrograph for 1964 (New Model) '

0 - Observed Flows
% ~ Simulated Flows

4+ - Interflow

85



- i : : i i r : ; ] : ; : 86
; N . : | : : i ' } H H | i
i ; i ; : 4 : . X f i

i ! i - : ) :
i ! ; : 4
i 1 . ;
- B e G e Bl P pen St grn S e P B g B feed o e g B Bt g B g g O e e et B Pt i bt Bt g Bt b et 4 o b Bt e Bad
=] : i ) ’
i o .
2 i i : ! :
' s § . ] ! ; H ; i
i . ’ i : i ,
1 ‘ : : !
] . , ; ! 1
' . 2 I
' y i : '
‘. + i
; . ?: i ! ‘
1 I
] b i
i £ ! ;
1 : i G
i . i ! ' .
1 v .
i b
. 4 ; " i
H i
vy '
£ o 5 :
@ S e Ll R R I R g S R el el e e e Rl e el S Sup—
-t ~ 3
-
— v - !
™ : ' ;
“ar : : :
o : E ; ‘ : :
T = 4 i i
s )
- %
L ' ! .
B ! !
e .
- : .
- ; )
g : i 4
-4 1 ;
i ; i i
) : i z
B :
- 3
i 3
.. ! 4 . i ;
2 ¥ 5
s
= 4
g i
g i . ; .c: ; i
! , 2 '
- ] ! ) ; o
: = aco = =} o ’ :
: - = [ = < B 3
" x - — l—-—u—'—.‘m—’wwl—h-lrl‘—l-'-o—'l—l—ll-.—'l—ll-l-—-n.ql-tgs-t—!nu—— N et b gt (D) W L (D) et et o
w o =} c oo <
R 4 - ] cQc o . Q R [
Y [ ] coo
< ¥ } =3 i =] '
- - ] ce i 2
o (5] t LA B R N ] 5
¢ o t c LK R C
&« - ] LR B 7
[ ] | R SN )
> | ; - o E R E W
x 1 Lo e o R * R
oD 3 *H R EE B
X i : EoEOt o8 R
(=]
d
“
by .
- 3
w :
4 ]
-
w ;
= > ,
-
£
- 3
Loy B p 3
> -
t
. R i
" o
o el
- -
- - R B il i R e S i T T R v e S B Vg Sy
- »
o (=}
. AT N D e N R D P DR T e RO 0 WD P O e Endi HRNC T A B o B i RS Ao B TV T R
5 Pt ot Bt et e GO O RO P PP P Y it ot ot
: - D ; . ¢ ! 3 g Ll I - R
1 & - '
: ! ' i C
PR A - . o B t H i
2 # v




t SR PR L. B L TR E LY LR M i | - s
' § . | I f ' o [ S 1 v i
; : i i i LA . H 1 i i { | ! 4
: ! i i ‘ ‘ ! H : i i
] | | : ; i ; | ; H : ! i
| i : : ! t i i ! ! !
1 i % . F: i
! b i ' i 5 . ! b P |
; : ! g . ; d ! ;
: ' 1
e e ol el R L o P o W g s S At B Bt g et kB g e S o T o Bt P B et B g b Bt W G ey b Wt B B oy S
: ’ S P
: i ¢ b i '
. ' i +
i ! 1 . ' . ! ' ¢ ' t
i : i o : . ) & : [
= ' ‘ SN N S B - b
i ! i : 3 i
; . | ]
i j ] ; | £ :
! i H ] ! .
; i i 1 : : i
| H : X : : i
1 P i : ;
! | i : -1 : i I i
: ' ! H : H : ‘
| d ; ! 4 i
g i i : !
p : ! ! i
. i 5 i
i ; a
" G ! ) ]
i 0 S . '
i . : i
i i ! i
j i b
! - ' 5 . 1

0 et et B B et o g b e e G et g B O et P ded B B B g Bt e Bt Bl B b b b Rl el e e g e ey Mea g bt e b e St B M e P e

! ! :
: - \
; ! : i 8
! ' . i
5 : i 4 i H 5
. . H L L
B i
‘. 2 L3
! . i !
: : ; : # :
v ‘ ! .
3 ‘ * , P
¢ ¥ i ] 5
: i ; s ;
3 i b
: Lo { . ® :
e
| y . 1 coa H
# : # i
I - . H
* = ]
Q i
H . (=] : T
‘ [~X = o co ‘ : i “
o o =} =} Co o : '
TR D e bl gy vl $od St Sl et el S o et £ D et g e et g (D5 M e P P b ot g e b gy o bl [ gy b P P g gy s B8 b S e bl JE
c : oo cooc
. =] c - (= co - w |
=] : R =0 i o
o . ) i
c i i3
[ '
[ < B = I ]
o |
o ‘ ; . i !
PR ] . o : : : ;
L3R TR R !
&R ;
L ; .
B R ;
Hon e ]
xRN L
. PR L I
ok o+
; | :
i E : i ‘ i : l
' | ; = ' : !
S o

gt gt g B Gt Bl et s e G s [ R e B b g S ot Ge g g B e e b Bt B L e e e gy S e B o g e B O b gy e e e b g =T b e B
- ' .

~
T Pl I AN Sl — PP R DR D D e BT AN LR @ R e A N O - D P M N -+
Ll N NI -t Sl -l v oo N AW Ow N Y PULEG By BN - —
- D
'

' ;

i ‘ - : C

S i . b opaae s H %




{ A T : A T [ I 88
I ! ; : : i : i i | i ;
' H t i i i3 ! 7 i H ; | 1 l :
: | : i E g 1 % t i L i ! :
! ; x , . i % b ; : i ! = |
Tt bt g P e gt W b g e g Bt B e B gt B e e et e B n Bt B0t e Sk o o Pt Bt (B i Bt P ok B B gt B g B e e Mt et ot St g ot g
f ' . I j : ; ‘ 3 '
g 3 3 : : 5 : ; | 2.
. . 3 . i ! i
; : ; ' : : ‘ . ; |
i ‘ ; ' ; ! i
: » t ! : s i H -
. 5 i : *
i * { : x F I
; ; : ! ; i
] ! 4 ? ) ; i i 1 :
i ! ; . ) :
L y ¢ : i
Q (= 1 i : i i o
1 «* 3
! ! : : 1
i ) : : i ; : :
* H ! ' ' i
i * ® ; '
N . i
L) = H b - :
# * ! i ! o)
. H ' * ]
lud : . 1
: i ! ;
c ' P i ! i
c i : § B "
- ! i L]
W ] N $ .
5 H 1 :
[ #
g g g b b g Gw S e S e P O g L R R T R R e R o I = et B S e e B
; | o : .
i o] = 3 ) ' o
: o ! #
H E 5 5 ' i
: : L. ; =TI :
- : i 1" 1 3
¥ . |
5 [~ R L 3 ' .
L %
% . * *Q .
o ! U c : !
i R f i
(=) . ¢ ¢ :
; . X : : .
: : i ; Q- ' : i
; . i . B
2 ! . - =] . c @2 t
i i ) i i c‘ Oc
i T . c Z
i ! i . [~ XN o
i ‘ : ¢ e ' o
! . ) # =}
*» H
i 3 : =3 \
' " D "
o - a )
I T T e R I VI = VO gy sy S U SR PPV
3 -
» A ; o o~ :
‘ : : ' : : o . : , i
o . . 4 : i ! . , t .
c : . ; ; % i :
* Q ' v
co ‘ i
4 *
* : 1
i i
i
: * ¢ : ]
+*
#*
* : i
L I o+ : :
: : e * o+
. (TR
. EEEEEE ;
, : I O * %
3 } . » )
L ; ) 7 i
o i ) ,
' ‘ °
¥
[ . et am b s i et et Y e e e o e e S e et g S v s o o o b b P mem e b b b o b bbb
.
[T - Bl e B VL ST, AT A RN R PR Ao P D e Y Ll VRN, TSRV . I ol ]
g s BN Oy P Ay g e LNy AR R B ol

Lol B0 - 8- A )




’ C c
i ] : : i {

A gy B et Bt B B Bt et W54 g B B e B bt e e Wt

. o ) t ‘ ,
fa ! . !
; :
i ; |
» ! { 5 H
' o 5 ¥ i
*s : : ; '
" )
- : ;
i
‘ : |
» . i
[ =
;
I : ;
c : !
* 7 .
: * :

et b G o Bt et et el b et b B gt Bt e Bt el

T e e B g W et B B e

(=}
3 * z
[ ] z
c o ) :
" ! ‘ .c .
i =]
o o
' oo o |
. : .
: : r ©
i !
| .
3 g ! * occoc
: . L
i 1
i oy :
; . ’ o
! | 1
[3 *
. ry
! ¥
»
Gl e g gy bt e G gy S gy P W pun S ey e SR
'
#*
L ; )
& '
*
c
o K
'
- .
A {
= M !
= # B I
* LR +
o + -
Lo~ |
m .
Lo
P TR B R I g . Il R R
co oo LRI o -
VAT T =l S - B ol A VR TS o T WY L ST RN ot} YRR TEN TR - ol SRR E i w ]
O g et el e PN TN BTN BN DN R -
; N TN D
i ! : I
: H i
] vad e - i

Ca e
e g

i
|
I
;

S =]

LYWL ST
L R ]

f
R
i .
!
!

i
|
.
v
! |
1 '
i H
¥ I
i
!
3 i i
.

Qo
=]
o
=]
cl_'
=
#
# U o NoR

<«
~

Ul
~

-
o

oy eI el
~NNoPy [ A ]

<«
—"

-

o
Mo

b

]
;

T g bt B Bt Tt gy et b g bt J B b gt bt e g (D P b R g b e e Bt b B

<+
~

. 89

h
|

| i i
i H
| :
i

g bt ey St e

el e R R I e T S S QS A
|

Py bt bt B s

#
i
o
[ =
=} c
o
o
oo
*® W oH oW
LR

~
—Cd M S

~DrwE Y



Ll ! i '
# (] o ; ' I
4 i H '
" f
* * .
: * '
% : i
» «
‘ < ‘
v * :
. " . _
P e gy ey e P B Gt e B ey i e et B R B P b B e b e S et g b e O gy St Bt gt Best B e b B e bow bt B bewl B et et B B g by gt b B gt e e B
% : : ' : : - '
i ¥ ' :
» = ! ' P
o " :
* 1 . !
t : # E
H . c B '
i L i ‘
i 1 |
H & |
* 1
* C i
* o o !
- ’ £ 2 k
| i i
! =] (=] | i : :
. . i 3
: e .
* -
*. * ;
; . o ! ; :
. (=} ; & [ : : i ; i i P
. pry £,
% o B =1
|
* ! ; o (=] )
! = (=] 2 * " : ;
: & 3 : o . (=]
| o (=]
- c =]
#* c .
i o U i
c Qc !
Nl 4 +
ooc o
o o
I |
(o] oc
o E # c
o
coe
(W]
c
oo
- :
» , ; :
.+ . d : ! ; :
DR R el ~ i
* 0 - * & © H
e O O SO ™ :
Ll R I T B R TR R I B N I VIR SR I R R Rk B I I I R S O N N E E R E R
L L i
o ; ]
PO I ALL T m S DR TEO~ At AR aNe PN OO =AMy NORmGT O Mg N
-t e B Py Y Y R B ™R Ry o P gt ot - N NN N NN Ny ™
:
- TN O . - i ~ @ am

g




i i

\ , 1 : |
; i . » H

1

i i { ¥

]
] B
: . i
i : : {
| : ‘ i
i ' ! !
£ ¥ ] :
i ‘ ;
j .
i
! ;
!
: 1 ;

] i R ; ' ! g el 1 :

: | ; i 0 . r | £
H Y | ¢ ! | i i : d
i : i ! H ! H 3 i i i
: | : ; i ! | : ‘ !
j ! i i i § i !

M——ul—ut—i-'ln-l-'—l-l—h—"'b-l-"“"l—l-li—ﬂ""“"“lﬁ“-‘—‘
i : P i ! :
s H '
i i ' i 1
i ; ‘ i 5 i ;
3 . ' '
i i ‘ ' : i
15 ' : : : } :
: ro L :
: : : : ;
i : |
' : i E
i H ! :
: ! 1 i
! : |
¢ : )
i 4 ) i
i [
T H
& !
: ! i
H ; 1
i . i : !
5 1
z b

B e e el et e B G Mt By et Bt B g R gt B G Bt S e W Omt R B e ded et bl ) St b e ekt b b b gt B Bl g et B Bem et g e B e by et gy e
) : ) * . i
f o -. ‘ P
: : ‘ ; ;
t ; t E ; . ! i
; H ; ;
{ ! : 'y i ;
7 c : |
‘ : T oo
: H : i L . 3
: i . . } s !
. { : & i i : i
i | 5 c i :
H i 4
% 1 : = : :
t 4 £ ) H i : ;
: i ! ‘ i * !
) # » ; !
3 B 4 = t
% ! ' #
” L
c =] )
S P e P g S b et Pt e et B g B Bt b Rl bk G gt e B dn At o e g e bt (] St S B g e B gy T Bt bt e g bt B g ot et (O (D et bt M et
; . ] ¥ c
L 3 . 3 L= 5 c i
‘ : : o [= o ;
i ; . :
b ! o '
i 1 6 = [
* ! H =] [ ]
L eo i =} (=
! cc
o o .
c o faue) 2
5 o
* X I
c * *
o 5
c ; :
O ;
CULCC*CCJC'-;:C‘CJ_C‘E | . '
! ; : .
: ; i : :
| : 1
i : $ ; d
¢ ] r
‘ i 2 H ]
b i é ¥ *
' » i i < - )
i e ~
. - i
T R R R R R R I I - I I S S S S R R R R I T T B
. .
~ -
WP e AR N D e O T me A AP S P T e -G U O D e AT N e T N, e A RS O
i o s i B e LV N B T T e e s e B e T I T T O VT

o

- Mg D

e o

——

91



¥ & 5 i
4 i : il
, i 1 :
. : ! |
s i
'
T P e P o g B gy B Wt g P e B e s b e e P e o 85 gy B m
P
i
f
i i .
B
. ; 1 i
. 4 .
¢
3 .
i

el e L

! i , ' 1
i
: : ;
Q ‘ !
o i
! ; :
; t . !
o . ¥
. . 1
> i o ‘
i i ¢
i
: ]

g e 1

By wot S gy e S ot Gt Sy Bt Pk B gy o P gy e L e Bt S Gt b

=] =]

BRE QSR T RN RS ER Y RN R E RS eorn

(Y]

MW DT S~ n S Jm
- - - L

(L Vel
L] L]

30

) d il (ol - <R o
-y PN PSR P g PN

- 8- e

i
i . .
b
i
' 4




06" R

i 8068

. L3
‘a9

o AL |

"i’%EL

cEsLLl
5697

"EL291

811°L

sil"1

L1114

601" 1L
60" L
»10°2
LH6TL
9i8*9
566*T
'S8l

"toz

0
1z-
"0
591
*£02
)

gi1°s
gi1"2
L1112
601*L
Y60 L
%1p"1
LH0°1

9ie*9

6862

"0

‘89¢

"0

*s

‘0

*B89Z

10°0

&0%° L

60%" 1

Lo%* 2

see”L

Zee*l

65E°L

6ZE"L

LET"L
@5
9

"0t

o

11
*ely

ve® 1

%85°8
y85°8
ZRS*H
695°8%

h¢m.m.
515°8
LR ]

»0Z2°8

Zen e

g8y
-T4 4

"0

*6L1

TEY

*809

¥G*1

ZE1*6
ZE1*6
621°6

011°%

gL0%6

£€0%6

(¥R}

2858

126°€

414
2ot

0

t9LYRS
*e0 Yy
"H994

76"G

Y546 L6511
hoh*6 hom“n-
b9 "5 Z65°11
€246 09611t
SLE"6 505°11
80€E°6 SEY"T1
612°6 ﬂwm.w_
0Eg~e 18+%°01
6o € 15L°¢
*9g *979
*009 *12%
*0 *959
11 "GEGL
*cL9 *LEEY
7] *za1s
*0L171 23 [ 1
ar®e 267

€56 "o Si0*6
£56°6 610°6
£56°6 SL3%6
£56°6 si0°6
£56°6 SL0%6
£E56°6 510°6
£56°6 LY A PR ]
£56°6 SL0°6
L1G*Y L15%°¢
*ee? 051
*9% “tll
@ e
"eel? =21
"a182 They
*1962 4 )
5582 *esl
6E 4L 6971

¥5E°%h

#G2%6

»o2'e

ki T4l

¥5Z° 6

»5Z° 6

%52°6

0iB "¢

A

*»91

‘0

*g

‘o

THLT

*%91

0%°0

oK1
g91°6
IN1*E
aﬁa-o
%16
991%6
R S5
sy{*6
se1 ot
961
*661
=0

*e1z

T v56t - NISVR

YIAIY NOITTIWEIA HIVIE —= J78vL AUV wwNS

o01%e 1821
[V 15217
001%6 1571
coi*e 1571
onite 1527
oeite 18721
oot °s 1527
0ot *e vs21
1L R4 sZn
‘e MUId3ISVE
Ga3A53590
*l6éd M{I435VY
QI4VINIIWWI
au Lt E]

83Nl 3FLVINIYD

01 EEISL ]
FIV4eNS CANGASA0

e EEBLIE]
3Jv4anis AILVIN2IVD

el EEMATES
Avi0) CsAe3sel

b XV 2408NY
AVLGL GILVI2IVD

[TIVR¥] dl 3w



5%8°0

%96

25111

93121

. S9%°6

0%5°69
‘m B06 "8 1.

, R |O6°8
T e

R T s Sy T T weew otzr e
s69°0- 0290~ 0ve0 WS M0i0 2560 ke
v 4 €Ly 6418 0°EL 9°11L 1°€8 0*9L
000°0 00070  ¥LL*0  65°1 mhm-d'_ .wwm.~. mWWHN B
€%1°0  s0$°0  018°0  129°1  692°Z  LE1*Z  6%6°1
000°C  LOO*®  %00°0  LI0%0 amo.N‘ ‘hnv.o ) awa.ﬁ ‘
262°69  16£°69  T%5°69  62L°69 $18°69 950°0L  862°0L
§11°2 811" omrrh ;!‘¢wm.w .I;Mrd.w.,;|¢wrpma; .MewL_M.
BII°L  ST1°L  60%°L  %86°R  ZE1°6  »&%°6  16%°11
S eiL eovr  sests  2cte  bses  Lesend

J0¢ 5
0°t T*E  8°»Z 0111 °501 O°ELZ 0°%E% 8°%GZ 0°%51
*9102 = 38 SHG wNS
“HivE = 49 TvI WIS
AR L 2-22 IR = u5 580 NS
HEEYT = INI&S WD whis
81491 = L0l SEC wNS
“thill = AWVIUL %D NS
0£1°2- =  39NVHD IVi0L
i L tooco = MDI43SvE 13
000°0 = 39v40ls ONOd
1t6"¢ = givy
S3HONI  BOE*0 = 39va0LlS vi13d
168°0 628°0 9ZZ*0-  HSLO a9°0 SAN3iD14
) -3302 NOTLVII8Ydd
586 »° 85 1°5¢ L*EY oes2 *dn 3l
9LE*T EL5 0 000°0 000°0 0000 2113
99€°1 850°1 6%% "0 Z0%*0  1L3°0 nL3
BZO" Yy 4600 000°0 »S1°0 000°0 NV BUARE
. - 430
LET*69  2L1°69  SEC°6S  91£°63 229768 L)
£56°6 SL0°6 9526 9416 0016 1521
£56°6 S10°6 »52°6 941°6 0016 1521
£56°6 s13°6 ¥52°6 9916 001°6 1521 w



A, o
a 9229 €9L°9  £91°9 0969 59679 §E9"L £€r6"8 L66%6 91i%s 280%01  ZT%*s H25°¢ oEE*L 1521
i 42E* @ €9L°9 €92°9 096°9 6969 #€9*2 £86°0 166%6 9116 28001 Z1¥"s 25 ¢ CEE"L 1323
€72°8 £SL*9 £34°9  096°9 5959 FAL L] 2868 966°6 19 PR GRO"OI . M¥°6 °767R £7E%L 1521
6128 2919 FATRE] 66679 €969 SE9°L 8ls"® 9666 8016 ZL0*01  £0%"6 6158 1EE°L 1577
e ———— & . R z 2 L . -
1z 8 09L°9 0929 1569 095°% 0£5°%i 1268 186°6 969°6 BSO"01  BBE®E %QG*H S0e*2 1571
L] 8618 8SL*9 BSL*Y 556°9 1559 ¥i9*L  Z96°9 19676 BEDCD1  B9E°6 EG%"H 98771 1521
yar-e $ui*9 s5L°9 1669 25679 F19°% 696%8 646%6 9596 Z10°6l  1%E%6 95Y 'y 652*L 1821
- 8809 1€21°9 LEL%9 0E6"9 0z5*9 796°L 6988 LE87%6 415°s L LR oLl s S6Z°8 B50°4 vsz1
g95°¢ 99E°E w2s s89°¢ 1187 626" 2 637*¢€ 698'€ olie 238°¢ ET3- R 663y 1e8°E 579
R e e e S S S S s caw = S S R A s woodm n s z 2
EZH1 g% *e1 £ M 3 ) *52 b 8 DR 1) *€Le *HEY *552 *561 [N LS T
g . - ; Py U3AKISHD
. *SEN ‘8 "0 oL 1] *01 *51 "%l 52 b33 *5y *y8 *pe *oul R0143SY8
: s e e e N e T [ T e _— ; . REFS U EL )
*0 *0 0 *0 ‘0 *0 "0 ‘0 *0 c "0 *0 ‘0 M3 4
5 o o : f T L amn e e e s . : . _ =dduN] QILVINDTVD
i *9zg01 *1 5 1 2 ~y w62 *1€L 1% *BYEL *ou% “HEZlL "0E1 440K
g L N e = . ; S o s e A e weaiisn e eov ... .. 32v4uNS 03AXISED
*19%9 b | "1 ‘591 " 80E X131 “Ev8 TE1T11 "Z69 *8iL6 0 “64l *59 EE MR IY
B s 18 . : ! ) “ . - 3274805 GILVINIVI -
- *6%611  *sY 1 *y ‘s b "61E *Zv Lok *2Z9 *5l8 "co4s 512 32NN .
T - R P AT I L S D B WEEEEL. . 0 H B rmeme B D e T T V104 C3AG IS8T i
g “9569 *b a4 73 183 *091 *is582 *gENT *s2d *»201 *yg o 1 sz AFDND
ST ) o o ) ) i C WLDL GELVIDNY
39°€2 FEAL) 60"0 96°1 i16°2 160 F128 4 S0y £ive €2t SE*D 10°2 99*1 old3ve
: T o TTGG61 == NESVE W3IAlY NOTVIIWUIA NIVIE == IVEVL Adwwwns T T m e
I
;




96

; . 00€ s11
e S S R e et e | e R e SR % % T o L |
b G*G1 970 0°0 0°'0 Z°9 D°Z9 0"%2 0°29 0°SL S°LI B %% &°¢»
1 =
S . S hbhE = 348 SBO WNS§
: *BbAE - = 49 WD wis
' = - T . _— = . " 3 o R *yoIce . .= 45 S¥C WS .
*pbeD2 = INIBS 1¥I wAS -
; *9996Z = IWI0L $S80 W1S i
R o L i . ) ) ) . *669%T = Y131 1¥D WIS "
a5 . L 260"0 = 39NVH) WI0L
e e o e e e o et s e o e e e e i e+ e 9G0°0 . _ .= MDI43Svd U3
! 000°0 = 39¥uuiS ONOd
GE9°Z = Vivy
e ) SIHINI  €€1°% = 3974015 V1133
¥ 6%1°0 85Z°0- 1IL"0- 9WL"0 YHZT0 2040 Z%0°0 Z88°0 29170 16870 vl "o 9Z8°0 680°0 SINIIDIA
— : -4337 NDILvI3¥uld
Fad 1 0+97 1*9¢ 5°1G B°1L s*6l £°79 4*g9 1°19 1°65 5°0% LR T4 9%ie *gn3dl
969 0000 11L°0 2£9°0 691°0 864" 1 6L1°2 $08°1 25% "1 %55 °0 000°0 000°0 000" o 7113
, T1Z°11 801°0 20£°0 v81"T 026°0 »Zy° 1 g9z e 6011 1%€*1 692°1 8ES"0 550°0 643°0 143
;! £95"¢ 0000 00" o 196°0 €¥Z°0 000°0 ZEE"T 9e%°1 688 °0 EEY°"1 6000 €98°1 $2%°0 NOFLVIDD
— ’ -d3d
Z2L0°k9  T10°86% S10°69 120769 120°69 LED°69 840769 T @s0°67  120°69  160°89  T7169  6S1°69  §12%69 s=9
“ wz2 £91°9 £9L°9 096°9 696°9 BpE9°L (- TAL] 1666 9146 283°01  ZIv*e 825°% 0fE" L 1571 M*
ST b
; LT-r4d ) €919 €91°9 0969 €959 BE9°L £96°8 L66°6 9116 ZB0*01  21%°¢ B75°8 0fL "L ASIV :
ﬂ.-‘u\ll.rilc.lt?l.!.l\lw T P ESCa = A e EHL P e s Po—— - e —etem a0 me e R b B T 1 i (O A i = 3 e S et ey e g . E e = s - - ._
; w2z £9L°9 €92°9 096°9 695°9 6£9°L £66°8 166%6 912 ZeotOl  Zive 825°6 0EE*L 1511

R



i %65 "9 196°5 L1e=s 185°5 ZL8*s 08%*9  LIS"L  126°9 1511 610"t €00 "2 116°9 5919 1527
5 6549 196°5 118°5 185°6 ZL8*s 084S LIs*L 1269 L81% 610°1 £00°L 1i6°9 59L"9 1521
z Y65 %9 196°¢ L16*5s  -185°% zig*s 0849 918°L 126°9 16172 6104 £00°L 1L6°9 59L"9 1521
£65°9 195°6 Liw"s 185°S 2i18*s  0ER*9 918y 926°9 9s1°L B10°L 2004 0l6"9 59179 1527
e y : -
: £65°9  196°§ 118°% 18576 ZL8°S  08%*9 916°1 526°9 w51%L s10°¢L 006°2 656°9 2919 1527
,m 1659 196°5 LIB*S  0BS"S 128°¢ 61%*9  SIS°L ¥26°9 €51°L ¥10°1 866°9  196°9 09L*9 1527
: 0659 196°S L18*S  DES*S 128°¢ 61%*9  ¥i57L Z26°9 os1*L 1102 S66°9 $96°9 152°9 1571
; 086°s  096°¢ 918°% 615°S 698°5 Si%*9 L0%*¢ Z16°9 vE1*L £66°9 1L6°9 (T 6EL1°9 vsZ1
195°¢ oLL*E £99%¢ LA At 9462 919°¢ YSL € ¥99°E 519°% EBY"F RYLTE 666" € LTI sin
"Ti% 91 1 *0 ‘0 *9 *29 o 74 *z9 "5 8L g “e- KOT1335VE
- . . ) . . G3Ad 358D
w 51 o] 0 0 "0 "0 0 °c *0 *z 'E . *q BGTS ISV
S SO . T e £ S AR e e G S A s S e s . = w5 _ GININIMN 2
0 ] 0 0 "0 0 *0 0 ‘0 0 "0 0 0 M0 13
. p . ) . . o ) -e3aND G3EIVINIIYI
*548€ *0 *0 0 *09€ 56 “z0%Z 1 0z 11 €1 "L 4400y
L g T S I . e . 3JVJ4UNS D3Ad35HD
. *LEED 0 *861 114 ‘18 "9€01 "LENT *EE9Z *0E2 *982 *0 iy ¢ 34000 o
i NI o : . AIV4ENS 0IL¥INIWID
: *09Z% 91 -1 0 "0 "19€ *LE0Y *9zvz ‘ezt "o 68 T8¢ 15 FEAR(E
i R SNSRI, RN L SRS B PSS SR RS e (A0S A s e .. WWADL O3Ab3SsD
*25E9 *0 861 *gBE L8 "2e01 *LERT *EE9Z *0EZ *B62 e oy *9 440NN
s o ~ WAGL GILVINIWND
, 16781 1€*0 $9°1 T4 541 LE%0 112 €e2 1L%% 2s%e pE"1 €20 s5*U (18 daldind
T T T T T T T T 0661 —— NISVE WIATY NDITTIRYIA WOV18 - 318VL A¥VAMAS ’ .

O

raeng



veZ
T B ;..- T .-:c.uﬂv o-mo ,:mr.w.ul..&odmf..m:-.mi . .N.ono. .o-mm_ B*98 0°1%1 U.-mo. B *HS
) *016% = 48 $80 wNhS
3 (13 = db VY2 WIS
O — . e L T R e T N 5 e e i S e e 6 *L1o06d = d5 S80 aANS
"tetie = ANI®S TvD kNS
*LZ6HLE = WA0L S&0 wNS
e S T 5 ~ *1501E = Wibi WI wnS
29%"0- = HONVHI] WI0L
e i e R A o A P e e S e A S S v e R T e Bt A s e OO0 s S5 MTMEAISYE LS
) ouu*o =  39V40L$ Ulide
686" 1 = vivv
S3IHONI %251 =  3Dvd04S ViI30
ZiL9*0 000*0 6EE°0- 000"0 000°0 69L°0 6ES"0 92L"0 Z85°0 168°0 169" 0 Z50°0 S€1°0~ Sihildla
Cee =430 NOL1ivI3¥¥ld e
£" 6% [ 2 -3 c* ey g ¢9 8°1L 9°6L 18t st 6*99 £€°16 g L) (el B % ey “da il
L99*Y ocec* o ouu*o 2LY"0 01%*0 206 "0 60%*1 266"0 a¥L"0 $10°0 000°0 oot o Q00*0 2743
ozZ*z1 SZE°0 66%°0 1LLt0 2411 160*2 6v1*¢ 6E0°7 9661 6180 96" 0 2910 »60°0 inis
: 848 E 000*0 6EY 0 ao0"0 000°0 %0 "0 109°0 Li6"1 826" 0 120*0 Q000 1€2°0 600°C NOTLVIODD
e d - ~4ad
i €00°6%  000°69 000°6% 000°69 O000°69 100°69 100°69 100°6% Z00°69 €00°69 *0L°69 900°F9 E00*69 s49
Y6569 196*s 1le*% 185°% 2i9°% 0gy*9 L15%L 126%9 1610 610°4 tQ0 "4 1L6*9 LT S ST
¥66°9 196*S 118°% 1868 Zi8°s og% "9 L1541 L1Z6"9 51°L &10°¢ €001 Ti6"9 39 1821
¥65°9 196°s L18°S 185°% ZL8*s a8%*9 L18°1 LE6"9 Lel®L 610%4 [ 1+1: 0’ 1469 919 1527




L1%%6

»3E%6

BEE"H
%lZ*6
0106
8L "€

*tE8

*5%67
“estl

*6BEE1
*oco1e
*Z12Z%1
b d*13 T4

0" %%

161711
961711
98111
8ST° 11
SIt it
090° 11
69601
€12°01

(1] 2

“to

{43

81

0

101

*0%e

GL=D

619°01

61901

609°01

18501

HES 0T

28401

01%*01

SEN"OT
hm0|w
M A
*Hein
‘6
*39L
‘L
*bed
"Ly

L9*1

g8% "6

£Ls% o

£ls®6
296°6

EES*6

(12 o
9GE"6

%¥90°6

*06
ooy
*0

*%i0C
*Zyls
*%912

*Zet9

EE"Y

906"¢E

060%&
6%0°6

9076
6668
L
t€¥6°8

ote°s
9LL"B
10%°8
¥lB°t

"9t

1991

0

“8609

"e0lL1

%59

€Yty

b 314

[21-Rg ]

£€6°8

»16°9

€98 "8

TR

089°*8

1%a"8

»i0°8
Ly6*g

"0

*9g

*n9¢
*95
‘0811

fO* €

#Ze"11

£2€°11
L6211
gzz 11
121°11
£86°01
z08*01
566°6
yl2°t
-89

™
“616
*6Z%
168
*16%
1612

0" ¥

BESTT]

6EL 1]

6EL"1Y

LEL*TT

vzLo 11
€027 11

959°11

020°11
L56°¢E
*8el

*601

*60L

*ESSY

"958%

*169%

%199

%L*9

98B8°01

98801

IR0l
988°01
988°C1
28g*01
Z298°01
ogl*0l
ERB‘E
"8
*1e
01
*1cee
*80%1
“B0%¢

"evsl

%9y

2s9°01

2592°01
259" 01
259°01
297°01
289°01
2690t
159°01

166"

*1v1

*0

s10°L
sttt
slo* L
cio*4
s10°L
sto*L
nﬂﬁaw
%10°4
b2'1- g 2
*te
‘0

*0
Ly
*Lzz
Wila}
.hww

SE®E

6FZ2°9

e1e*9

R1¢°9

8129

g12°9

Biz*9

Bl1é*9

L1Z*9

965 "¢

“8

‘0

"0

*o-

"0

*0

24°%0

OHe" S

086°%

[ 1

086" %

086°S

oB6 "%

GEE ™S

6i6*S

UE &

*91

"0

"0

1521

1521

1817

1521

1521

1sI7

1521

Vs

SIn
HMC133576
03Aud 3SRO

MOT3ISVE
GETCAREILED

M3

~d3iNT 0IUVTIITVD

0

45000

3Iv36NS C3ABISHS

*0

330NNy

33v¥3ans G3ILVINIIV]

1!

SRR L]

Wi0L O3A4 3580

¢

10NN Y

RLSGTRRVEVR B i hend e

650

‘1561 —- NISVE

Y3IAIY NUITIImYIA WOV -- 378V1 Advanns

diJ 1dd




) vl 61l _
B e R N A — - i, - s A )  —— < i et e 8 1o I T - P B +. —_— . .. . . c
0°85S 0°009 0°159 0°080T0°908 0°IvE 0°L%1 0°1¥E 0-0LE 0°E1L 0°86 0-94F -
o . ’ ) i T IIL T = 34 SND wAS
*0959 = 29 Y] NS
S i - e o *90%Ze . = & SHO mOS
*9546% = ANE®S WD wfS "
66 TL> = IVi0L S80 KNS o]
- DR : . o *65E9S = Wi0L W3 kAS :
o 609 = J9NYHD WiILL
I o P 900°0 = MD143SVE 13- ¢
0000 = 4IVHULS GhGo
£z0° ¢ = vivy
o ___ S3IHINI BE9*® = 39v¥O0LS V1130
B19°0  §%8°0~ 961*0- ZEB'0  LEL°0  Z6L°0  016°0  184°0  209°0  268°0  81¥°0  000°0  00O*0  SINIIDiz |
ey . ’ " , : : ) x ~4302 N3IivIawund
e 6°9€ . T*0% 9°2s 5799 vaL 818 £°1L 8" 19 2*1s 6714 €0 2ree *amdi
82E°TL 0600  000°0  198°0  €%E°) »i6*1 ~ %88°Z  286*Z  ¥99°T  OIE*0  0UO'G  0G0°0C  00D"0 7743
428°11  BSE*0  §%%°0  Z£0°% €961 09E°T  6%8*1 206" 1 #9%*1T  996°0 - £95°0  %52‘0  SL0°0 RLTE
€56°91  990°0  BEO°T  €50°Z  %€0"Z  @TI%"0  OO0E*0  [&6I°E  €92°2  10°2  1€6°2 182°0 9€£1°0  NGIiVIGD |
i B 5 s i . & E l“wn
: 046°69  Z9%"69  BZIT69  GZE'69  SA6°6Y  LY1TOL BISTOL  161°69 SOI'69 000769 000°69 000°69  000°69 ) U
tvv*s  LeT*11 619°01 €456 080°6  EE6°8  HZ€°11  6EL°11  988°01 26901 s10°L B12°9  OR6"% 1527
1%%*e 261711 619°01 ‘€45°6  0S0"6  €£6°8  %2E"11 BEL°TII 988°01 269°01 &10°L B12°9  OBB*S 1521
i L%%*e  46T*11  619°01 €466 0S0°6  €€6°8  HZESIU  &EL°I1  988°01  259°01 sS10°4 912°9  o086*s 1571
i
m B T T S o g e . ——————— - e a - e R e e r—— AR B 5 i PURNRERy e B — 4

PR



ITI"ET

L0521

699°Z1

1% 21

661°Z1

868711

- B19°11

.b“ €18°01
09L°€E

*1536
“s1501
‘62892
"L9F19
T4 444
*HEZEL
.: *46ZATE

oge*el

$60*21

SGB°IT

£19°11

SEZ EN 66T°ET 161"l 526°21 865 °21
g66* 21 068" 21 026°21 szZL*Z1

[11-1Rg 4 § szt .cmo.wu sts*21

L0zt psZ el 9Le¢l .-omﬂwu

958°11 8#Z6°11 (1] S § 980°21

605" 11 LZ6*11

909°11 998°11

02E*T1

091°11 oee 11 945° 11 BEI° 11 »1°11 €5y 11

168°21 £AE"21 B %1 I76°€1 ESEZ*HI
49921 m_wowm 908 °t1 EOL"ET YEI* 9]
97H* 21 Lzg*11 sevtel RO%"ET TI16°E1
ERL*ZT 8Es° 11 SS1 €l 60" E1l 289°¢1
%6 ° 11 LAY AR £2etz1 &LL"Z1 LIBE"E]
L69°11 8S6°01 68%°2l 85421 S11°el
. %99°01 L=1721 s8I1*Z1 Loe*Z1
i Nmm-mu .oaw-& gty €Z0°11 o111
096" ¢ Y11 998 "€ 801 "¢ LYC" Y
"IvE "Lyl "14e -rmm B *elL
-0 *16¢2 *0 . "0 0
watz ez e sy 119
"Lloe7 619 *leeZ b2 TLOZY
*o2%02 “ELY *B11E *0 ~0
*0926¢ T9¢8 *HLZE 8Ly *ozes
Ton1ed “noom¥‘<.rommmJI LMMMW .bmwc
19°11 QE*£ L6°E 71L°0 H6*1

18¢° 21

918° 21

S11°2Z1

£19°21

gELC1

26221

ieo-2l

1s1°11

ton*¥%

)

*G

- L-TR |

*9l1s

"o

"H176

"66ll

(3 A0 |

_ua.o_::.Mmo.nrrxzuamwhhz earrwr.errmw.o_
EEE"E  AZI"E  9S%'E  966°€  GELE
-85S 0069 *159 *0801 908
*v511 “1561 czesi *e92 *8511
~2%¢ *169 *gzZ1  *%1L1 *l101
*9t *612 ‘L€ “182L1  *eslL
‘0 €11 0 *0969  *sEEEl
465 ‘618 - 889 *19€81  *85%8
*s6zz 9612 .e__m; *1g68 ‘.wo_o.
6E*0 so°*1 120 £6° 1 vi*2

N o U gge1 == N1SVH

¥3AIY NOTIVIWE3IA NIV

== JIHVL ABVARNS

AT 11 4577
seet 11 1521
FA LR B | 1511
eELL*1l 1821
L1411 1521
14911 1521
Ho%°11 1521
2L0°11 vsI
Loy 5N
“981 MOT435v %
U4ANISHU
Tyl FLiGd43%h
GILVTIAIDIND
*olL k374
~d3AN] 0ILVTIDIVO
0% AU NN
3IVL4ENS USAgdsSHL
*0 40NN
4Iv4Ens 03,V D
"Il EENETAL
B Ivi0L O3ARESTU
“8le S40MY

W01 03LVTIIWD

L9°1 diJd3ud

VIR



|.“ - - - - 5 =t TR & TSI d L # - - ' - T o - - - ||.. - ;
. 10€ 21t
. e e T L ]
0*LEB 0°0¢T110°T6ET0°%21 Z2°T91 0°SLL 0°0QSI0 16810096 0°0tb 0°951 0°68%
L]
: , . S ’ . . *4 5501 = 48 SHL wOS
*yiedl =.48 W ang
S 5 s T *E6Lb0] = 5 S60 A0S .
L . st : *058021 = INIBS 19D wns
o ‘ “LEH0Z] = WilL $9C #NS £
L W om s ; : N *9Bzgel = WL0L WD WIS .
2960 = 3UNVHDI WIDL
R T o T = ADI235va i3
, 000%0 = 39VBULS UNId
812 = qive
. E— . . . SIHINT 922" = 39vu0LS V¥il30
,
%540 %20°0 928*0~ QYR*0- €6L°0 - ZBE°D €80 REO*O 0L5°0 EYERD 120°0~ . L9L°0  9%L°0 Sih3I0Id
e . : o ~4300 NO11v134809 .
L°E5 9 62 95y 13414 1°69 14L7) €91 zZ*1L FALT ) 5*1g 9°5€ CRLY 9762 *dndd ,
¢ e e L o 2 = s @S VLY SRS S S R R B B e i s N W e e o (S R s S iz = |
@61"11  000°0 000°0 pob" 0 EEE"Z oos"z 1L"z 1962 1651 Z00*0  000°© = ©OO"O 000*0 7113 |
. 299°21. 61170 B8%*0 0s1"1 s18°1 |14 thar 4 101°2 b9l°y Y86 * Z06*D ¥62'0 SE1°0 8sl1*0 ni3 :
069°9% €000 €20°0 000°0 1EE"Y  %9%°0 %15°g 299°0 55072 z00°0 oEI*1 20° 1 109°1 NILAVIOD
: : . ; . ) o I . —udd
ZIY*TL  BIG"1L  SEE%2L  GIE"EL  BYZUEL  VIS°EL  9¥0°€l  L9€*€L  S9ECEL  IL9%2L  SH1*ZL  G56"OL 21969 swo
2 ©OTE9TEl LIBTET T94%ET  I4L*E1 6l%°€1  EIZUE1  6SS°E1  LL1°E1  8¥6Tvl  £09°%1  GISHl  28EBTZI  ¢28° 1% 1521 .
ZLH"EL SG9%El 665*E1 625l 90E"ET  TOO'ET  GEE*E]  216°21  149°%1  GBE®H1  Buv vl 78821 sza*1l 1521
,ru\i(tlrull.llu - o T — PR . a5 - e " R 5 g AR F s W MR s 1§ - Wi
M ODE“E€T  §9%"ET  TIv"€l  26£°€1  611°E1  261°21 9TT°E1  169°21 48€°»1  EL1°%1  6SE°»1  2B6°21  628°11 15213 M
{ !

POTL SRR At



6561 ~- NISVE ¥3AT¥ NDITVIWMIA %IV18 —- 319V1 AUVWANS

0%Y £} S6E"ET  B95°E1 . £12°%T  9GU°11  II0°TT  €26°Z1 261 291-s1 €v9 41 100*%1 FRCRLS 11%¢} 1521 i
9%1°€1  690°¢1 Y82l »00°%T €66°01 BsB*01 Y49 *Z1 BS9°E1 G08° % arz*+1 1£9°€1 1£5°€E1 HSO*ET 1521
558 21 I TRER | 100°€E1 161°¢el 82901 6£9°01 $9€* 21 BEE*ET 6% %1 96B8°E1  64Z°E1 1€l %69°21 1521
E¥G 71 9Ie*2Z1 LIL*2T1  9ls°El £99°01 0Z%"01  %R0°21 120*€1 E60*%1 226"el  189°21 96L°2Z1  €EE*Z1 1521
6EZ°21 180°Z1  pev*2l 9SEE] 26401 102701  H08°11 Y0421 HEZ*ET  6¥1°El 915°21 HZv 21 21611 1521 -
SEB®T1 85L°11 a1zl OET1*€T 1E€°01 £96% 6 92611 68€°Z1 €RE"El siLter vyt 090°21 119711 1871
1£9*11 829" 11 16611 €06°21 #9101 $91°%6 EETAR L S10°Z1 620°€1 10421 2LL= 1692°11 6%Z" 11 1521
009°C1  QZi°01 61101 EY0°TE 996" 6 2€0°%6 LZ1°071 161°01 #h2 11 sei*11 691°11 69111 080" 11 vs5Z1
®06*€ 295 € $H9°€ TEL"E Z8L"€ GlS°%E S0P "€ L119°€ %10y 168°¢ SOuY Zyoty L ¥ ¥ &3 sIn
*»0911  “i68 0911 *Te81 %L1 191 ‘sl *00sT *"1681 096 "0fe 17 *68% MG14ISVE
. UIAYISHT -
“887111 *yy g "0 ‘a - *GLsl ML *290¢E 196 *0 "Q 0 *Q * G4y 4 ISVE
SRR e B T S e e GIAYIWD,
CEL9GY  *geGl *Z812 *4969 FEL ] -0 *£l01 *509¢ *Z0801 €0LL *nEch *10%% ‘oL01 M3
. ~HAINT Q3 LVINIWD
*LLT?: *0s01 *01% *E£994] *21621 €67 *1Z901 ‘648 *gzeee *E0&L1 TI1GLT = 26%% ] +440N0Y
— s sesmmys Swwesn S USRS } - . oL AIVIANS GHAEISHO
*€6299 "2 0 “GBT1 “ELSY *H666 *ESHET *ZEGTT *peenl "9%g 521 e 3 0 d420hHNY
3Iviuns GILVHIDWD
*1eLcn ~reel *0ssl *y5E91 *980€1 THGYy *96511 *ovER 11192 €90¢ " 1997 *gyZ9 *l6% 4a3h0d
SR, i 5 . . e L VL3 Q3AYASHG
*4SIEZT1  *9s66kK *Ze1z 6428 *6RLY 26921 *H20€7 "»0%81 “£89627 "evZe "BSEY *6CEE *91g1 4230 iid
. . IVA0L GIAVINDWID
091y %1°0 £1°0 91°€ 1%°1 LT 48 $6°6 vz 2°6 602 92°Z 550 €21 d123da

.



o R ’ T . Cewvzzz = 39 560 A0S
*27987 = 49 193 A0S
s e s e i ) AR e e ol e e e e T CA = 45 580 p1S
*9182€2 = Avids IV s
: “612%02 = WL0L SYC WNS
seme s o . I - o . L “gEH192 = I¥10L Y3 WIS
. oLr* 1 = 39NVHD ViDL
. S . T S 1000 s MUTISVE 13
000°0 = 39WBGLS Jhdd
- SBEE , s viww
b . ) SIHIN]  E96°% = 39V401S vil3d
SL5°0 1910 4870 6940 96L°0 88%°0 269°0 2680 061°0 045°0 946°0 Z9m*0 1€2°0 SLN3IOT3
: ) : : ~4307 NOI1V134809
9+2¢ 6°9¢ 9 9¢ %75 0°19 508 9'€s FAL7] 8°59 1°0% 9ty £°67 uie *dail
i €L¥*€T  0060°0 000* 0 59¢" 1 osa*1 B19°2 £19°2 €08°2 vi0°2 682°0 coo*o 000°0 000°C 1143
829*Z1  €62°0 81£°0 1%0°1 €661 gu0 7 L96°1 Zaecl 9zL*1 £26°0 919%0 891°0 v50*0 043
x €Een*61 80070 00G*0 1€€°2 Yo *h BYy "1 6YEZ 1220 69y 110%1 €821 €15°0 95y 0 NOBLVIGD
e -a3d
V Y9E"%L  LL9*SL  900°9L  S61°SL  689'EL  SES°HL  9B5°GL  WEL"9L  €92°SL  Q9%"EL O¥1°ZL  &19°1L  L20°WL SO
© o BSZTR]  I9ETH1  EC%"4T  BZ8°HT AY9°TT LWLTTT  EWL"ET  G26°%1  Z61°91  2B9°ST  Z96°%1  b6UL°%T  E90° %1 1527
- 11691 9%0°%T  OE1°%1  S€9°5T  98%°11  LOS*11  42%°€l  219°%1  96B°ST  16E°6T  1i9°%1  B&%°H1  006°€1 1577
R e e , .
: BELTET  ZZL*ET  1SH*El  TE¥*¥T  E€ZET1  E6ZIT 0OZ*El  962°%]1  216°ST  €00°S1 B%E°%l  022°%1  B869°C1 1521

LK
H




BlC=?Z1 1Z1°6 80076 si1*e 201°6 662°01 s02*Z1 Bic*tl  86L°¢el s58 1 18%°s1 EL9 %] <00 ¥i 15217

28*11 5106 106°8 £90°6 Y96°8 Z01°01 611 Z10*€1 AL A | 98H %] €£11°61 11" %1 2597kl 1571

§L5°11 i6% ¢

9¢6L*B tce* 8 »28°8 106°6 $¥89°11

601*21 IGT1°e1 L11*%1 LAT4 21 e tl coe"tl 1521

9ZE"TL 116°8 €69°8 948*8 . hmaum ¥iL*& LTAAMN 0% -21 BGL*21 ByL"E] Sle*%1 LBS*EL 196°¢21 1521

840" 11 1iL*8 41541

14248

258°8

T4 9111 s01*21 L1%*21 6LE"tEl RIVIRE ) | %Ze*t 1l 109°21 1521

PEBTOT 1198 ebv~@ BE9*B 6158 EEE‘D BO6°01 s08°11 91021 or10°¢€1l L1E9°E1 19821 6%2° 21 1529 2

ZRs* 01 } tis*g GoE*E LEc*g 9B8Z"e %16 8%9"01 L0s°11 9eEL"T1] %921 R rA R | Be%* 21 168°11 1511
L08°6 L62%8 6L1%8 60t°8 166°2 -11L"8 Y4001 #6L°01 Yea°01 €E00°11 69211 96" 11 »10* 11 ¥sSZ1 e
) G98°€ i%6"t G99l 6FL"E £19°¢ o0B "€ HTL"E 67R°E 06"€ 998" ¢ 840°% ZRO"Y 600 "% sin
w *RESTT “96% *00e ‘111 *0s1 *H9¢ *908 *0sE1l *1941  *0102 *9tll *Ue91 6021 MOIdd5VvE
Y . ) ) . ) . ) 03IAYISET
: *12602 “ZEw1 *9661 *1692 TEGOZ *06E€ *LZEY AL T4 *9601 "0 0 -0 *06%1 MCI435ve
SOAMEEEAG Ci  u a e wif . . S e e e e - 031¥717079)
. *9010% ] *0 *0 ‘0 0 gy *992Z *6EBE *azte “t0L 21 *Z%91 *01%% nild4 ,
e . , -WIANT 03LVINITIND
*298L% ol “He *00¢ h{.1 “Ly%l -mom_ 2129 ‘1662 CEIEY "6l611 “g30% *106L EENIATE-]
e R R i sy conflam i R S e A SRR B ST AT SHAAL A dom e d s FIVIBNS A2A8 356D
; *1TLl *EEl ‘td *8sl ‘88l *21e .WNm_ ‘ovBv "0681 ‘€9 *0 ‘6z *20¢ 330NN
S ~ 39v4ans 354vIN0T9I N
"0065% s *g9¢t "Ly *Zyl 1 *6992 *2291 *eGLY *ELED *6qlLel *EHLG *Si16 EEMLY.] ﬁ
PR —— : o s g U SRGATER e, eoaumess o oimee s 8 L e . W01 G3ABdSES 0§
; i o
¥l *RELZL *5961 *6e902 g 1114 *1%6E *Z0Cy *5686 *1286 *eZ89 *Z81e *E0L el b VA *20€9 EELLMT] wh
B e T L ) . i ... W10 Q31VINDWD
A
EL*HZ £5°0 9% 0 F4 20 | L6°% 12°¢ S0y I8 2 1 512 80°¢2 86°1 1 | 6" 1 ald3dd .H :
Fot e e s s moie e e e e e e e s e S e e s e e 2 s s e e e e e e i i e e | ]

B I LU PSS S e e

SYR WIAIY NOLTIINN3A YOV =~ 2IVL AUVAWNS

' 096




T 0*9%020°01620°S6E10°02% 9°EL1 0°T%E 0°0%110°E9220°065T0°E1L 0°02% D %Fy

2e1
]

662

- [
) ’ <93 1% = 39 $80 WIS i
“ous 6y = 39 193 alS
B I . e e e e2eBe22 = 45 ShU mDS
i *HEQHEE = INiBS VI KNS ;
. *610%92 = W1GL S80 WNS “
I . . *LLT%GE = Wi0L WD WNS
o _ 982" 4~ = FUNVHD V101
S N S R B eI R TATS] E s IR s R ARG e i g Y 4000 = MOM43Svd 13
0000 = 39VHULS GNOd
012 = Vi
SIHINI  695°1- = 39VpOLS V1WA
»€1*0 2200  6Z1°0- %E1°0- 959°0  110*0- 22%°0  065°0  126°0  9€4°0  961°0- 1IRS"0-  101°0-  SiN3IDI4
A— . s o -4307 NGILVI3BW0d
s*1¢ 1"1e 9* 2y 0°8¢ 6°69 111 8wl 9°89 8°29 155 1-92 0*52 1"9¢ PTE
E 93Z°Z1  000°0  000°0 68270  9IS"T  LIEZ"Z  BI9'Z  9%%*Z  1ZI*Z  4ES°0  000°0 QOO0 00G*0 ma
6S%°21  SL1*0 1950  6ZZ°F  S6ET1  9ZI*T  996°t  OfL*1  %26"1  EZI*1  SH1'0 6TII*0 6710 iz =
e - R o SO U T I _ . i 5 AT 6
Lv%°€1  961°0  000°0  %90°0  U9L°*1  S@9°0  ZSI°T  048°Z  192°1  92L°0  9E9'1  6Z9'1  60S°T  NILAVIOD
- i ~¥3a
%86°6L  S1Z°14 €96°14 E€E0'EL  4€0°%L  B¥Z°SL  620°LL SOU°BL  1S6°8L OLA"BL  LIRTIl  SO6°SL  S1ATeL swg
m 098°Z1 49976  S¥E"6  525°6  1%6°6  ZOB"0T  %66°Z1  6EZ°%1  %Z8°wi  295°s1  986°91  E&I°s1  1%0°61 1521 ww !
T : L
_ S8S°21  6YET6  GEZ'6  Y0%°6  BEE'H  669°01 O0€L°21  I€6°€1l  m1y*»l  E66°GL  B1Z°91  A6E°ST  00L°%1 1527
f.,YIE.IL.T —— - TR R & % 5 e S S L S RS SRR e E AT L B o R SR AT e TR R e OISR A AT i & A 5 e silaaa
; 1EE*Z1 1626  BIl*6  682°6  152°6  B6Y°O1  L9%°2T Z9°€1  €E1°»1  %22°ST  ©0GB°ST  9£0°S1  ZSE*»i  1SZ1
"fl v gt e o0 SR e e v R VA Al W A RS o O] s R e A R By e e -




91Z*C1  wsE*vl  eSBTET 11§21 02021 roo._ﬁ $8S°1L  026"€1  809°%1  I81°El  %BO°11
T50°Z1  Z80°%T  B49°€T  06£°21 %O88"11  216°0T YSE'I1  @%2°€1 G9€*v1  €40°ET 916 °0%
€98°11  BOLTE1  €2v"El  @92°21  9HL°1T EHLCOT ZETTIT 9zecel  12T°¥1 eeRt2l  Lig*ol
1897IT  €0S°ET  6%C"E1  O0¥1°21  Q09°WI1  145°0T 16801 s0L*21 6IR"E€E1  GSL°Z1  892°01
. SEY* Tl ®61°€1  w66°Z1 0611 9S%°T1 - %6E°01  %59°01  €2%°21° ZI9°E1  0OI1%°21  999°0¢1
| 182°T1  698°21  914°21  %1L°11  €62°11  612°01 a_e.o_.< _r_.wr ZYE"ET  BLE®ZT  %95°01
ZLO*TE %St 2l 6Z%EL eBYCIT  LETCTI m«g.cw 9L1*0T %Gu*11 Lno.mr .mow.ua 55%° D1
~ '  pszeol It £52*11  916°01  8%9°01 nm¢yr..z.mwﬂ.o :.mdm.of -Lem.~r wmow.ﬁ_ oNN.a%
H 606*€ SZO"Y zZeuty ZYH"E 120°% 892 °¢ Lcn.m Z18"€ BUG"E GHE° € €¥0°y
: “9%UET  *9%02 -aﬁom. “SeET wo~¢ iawnﬁhri:;|awkrr.!n...rm._ ;‘;.ma~m  ;fumww_ . <rw_h
.the 0 0 ‘9611, -mhud,. *#9¢21 96871 *029 0 b A ¥4 “E9
. *662LZ  *¥569 Lpﬁc¢ .Mor..l||“wmm *0 ‘;+'szﬂo ..nm_m-;lsyaron: . “-o~ ‘.mca ;
‘EBlEY  "Gw "5HbS *6516 *Z68%1  *sc0l =998 *9us] “1ze *SEHE *06%s
_ *195€2 0 *29% .emcwz-;a.nwmlf = .awum;: ‘ﬂhoem | .eao.:. rmmam.;i-ﬂwm ..;.WWm B
"HEYEQ  *le6DZ *5688 *¥6G0T  *21€ST  *62Z1 *1021% *971E *08v6 529G EGTS
mw *6166S  "9569 "6ETS .m{tm;llsdramm- “.cmom:;:z.mcne :;rwmhea‘. .mpm~.. rnwam 911
3 a. . ZogE £2°1 90°2 £L°€ 06t 86°¢ LE*Y 2€€ A1 6Ll 05°¢€
ot 5 A b e et e e e 1 e s —

TI96Y =< NISVY WIALY NOFVIIWE3A NIV -= 370VI ANVANDS

L9%6

65¢ %6

LA TAd

151°6

1506

1568

PLEt Y

LEI*E

R -0 1

‘0

*uli

0

*v69

*BSY

Leti

- ———

LA i

-

L4 B -] 1521
L50%6 1521
295°% 1521
6Yv3a°g 1521
avl*g 1521
6998 421
156*% 157
SfE°6 ¥sIi
£6L°E sIn
THEY m014359%
_ UsAd38e0
*1£11 PO1435Ve
o L. G3avInaae)d
"0 LERFE!
~a3dNl 3ILVINITIVD
*11- 346Ny
. AIVIUAS C3Ae3SdU
*0 430NN
FIviuns g3lvIindIwl
T4 43080
W04 UzAd3Sel
*1ETT EENL
WaCL G3ivINIAVY
90" 0 alld3iba

Vitteg

i
3




: ’ T T TR s g e szEONY = 48 SE0 anS
T *E9€6S = 48 I¥3 wWAS
i e - e e *SZ982 .. . = u§ S8 aN$ :
“E6HGEE = IN1&S 1¥) WAS ;
*1591%% = Wiul 8D NS -
— ) . ) *9GLERE. = WL WO A0S .
612 = 4ONVHI JvilL
- e . e e e e 9060 = mOV44Sve 43
i . 000°¢ = 39VBULS GNDd
DSE"E = yivy
e e . . . . . L. S3HINI €978 = 39V¥0LS viHa
0 169°0-- 6810 £54°0 61570 809°0 ££9°0 1€%°0 90940 siz°0 S6Y"0 §%9°0-  §95°0 SINIIDI3
: . N ~4303 NOIIVI38%0D
0°§2 6*6€ L71s 1*%9 vy 192 Z*1 1709 E'6Y 0*ey ET1€ g8z *dndl .
£00°Z1  000°0 0060 041 £06°1 £vE 2 295°2 £ls°e gz 1 0000 000%0 00070 000°0 213
865°21 411°0 942G G9Z*T . ¢6S°T-  Si6°T »R0*2 fEecy 96E* | 598°0 790 s¥Z 0 ¥81°0 i3
& 01%°0Z  0l6°0 16971 9212 186°€ Dgo°1 gav*1 9g2*1 »90°€ 261°1 £15°2 969°0 000%0 NDILVIZD |
s sa -p3a !
9E0°2L  1867EL  16L°ZL  6H8"1l  696°1¢ 9I4*ZL  6G6°ZL  SGL*€L  MIR*2L 660l  95B*69  S0Z°GL  £29°0L 549
3 . €69°Z1  28O°ST  18Z°%1  BEB"ZT 10921 9L6°TT 812°21 §92°%1 ZOZ*S1 %9S°El  ¥Z%°11 +0B°6 106°6 1521
621 958°%1  E€91°%1  GEL°ZT  €8Z'2T  92%°I1  €20°Z1 SEO*»T  9€0°ST  O6¥"€T  90€°11  6A9°% HE "6 1521
J!‘ i T S S e, a1 i o e iy e st - — - e vt ma mmaa L Kie e S I s =iy 4 = i - =4 :
M . 68€°ZT  029°91  TE0"Yl  £29°21  951°21  €9Z°1T 21811 O6L°€l  4v8*%1  BZEEl  v6l°11  UiS°6 Al 1521
:

beryg

.

Fonno




o =
~ ;
- a16=21 tye= 11 0zZe*11 19111 16611 865701 68921 LN R sg8a°21 [ kAl | Lag* %1 LuL*y] £8E s 1527
. 099°21 BIE"1T 926211 9e9*11 ogs*1t 15101 €Evrt 21 Tez el £56°21 660"+ g6y %1 6beL*H1 ¢90*+1 1527
6% 21 %6111 gL "1t .mam.ﬁ— *H9*11 5% *01 &1l (1A (LA 4] CELETL el %1 6%0 ¢ | SELCET ISYa
951°21  690°I1 9%0°11  HL€°11- [B%°*11 OSE"01 SI6°TT 249721 €68°11  H9E£"€1 ZLL*E1  969°€El  ZO¥°kl 1577
’ LeR*11 2601 S06*01 gZet11 s2¢e* 11 E¥1°01 2e9?" 11 tet*2l 196*11 e66°¢1 Losgl btecel 190°€1 1521
.@ B8Z9*11 6%L°07 LeL"01 150°11 E¥1" 11 Z2E6"6 SRE* 1Y 99021 15211 »29°*21 BEOTEL ele"cl eiLtel 1871
#SE°T1 DIG°OT  8%5°01  B98'01  996°01 6IL%6 02111 BLLTTL €061 wSZT21 699°Z1  SI9TII IeEted 1521
_w 565°01 ige"gl 85" 61 8L16° 01 91901 SIit*b ve ol 698701 86101 BLE"0T 6111 681" 11 SLT* 1 ¥s$21
o6l ¢ ZUR°E 1is°¢E 599 896 "¢ F4 2 Al 3 008 "€ A -5 62yt i1vTe 0EC" [{ =R 890y sin
£ T08081 *SE01 *0201 *ge01 *0lg *i%€ YAl “0Ele *sll *0L02 *06L7 “09¢ee *650L1 MO1438ve
fumaen xn ue . ) GIABISul
"60LL1 *9851 *HBUE *GlEe *Lig] b 7 47 *680E el *Z290E 0 *0 "0 0 MUT435v%
B rpemmrmm e e SR e S SRR s T HOS A A S L e ) L . GEIVINID
*Qevce *0 *0 *e0l .un- ‘0 *gay *90iz 66 "8L0L *Z0E6 *106L *2ou9 #0713
— : =33 ANl B2IVINIWD
TQLIw3 *61 *612 ‘YIS b2 3% *1Zel 1998 *19601 *6lt01l *2ne LIl v 7848 *H08E 24Ny
SRR S— . s owpen o ceupewmn smesss  Bw w w y g m e L . 37v3YNS GINEISHD
*1627¢ 0 *1z 47 AV *12%9 *1162 "6vEy *ZLT%1 "1y *9 *0 *0 J30Nia
S _ ) 3I¥4AS GILVINIVD
o *oslZae ‘5011 "6EZT *1€57? THCEY 4 rard *si69 *1&0E1 *%0111 "Z1e? *i9te 43 NN .m_myﬁ 440NA 8
e S A R TR i R I S SR s s el B B e s Sy e o W0l uBEAB3ISWY
i "0gYcH *96¢s1 ‘6Dl12 "6ICE *2EES *1016 bt 1:1 4] *H19 *oezel *elll - *HOL 6 *1061 " 7009 440NNa
G i : ) i A ) Wi0L 834vINDWD
S9°YE €L°0 20*1 7s°¥ 69°¢ 915 SE"Y BE S az 9 v1'0 61 11 LT4g aid3dd
L LTI S — e T N T SR S St ten s R c U S o
96T ~= NISVE ¥JAlY NUITVInddA XAV <+ ITEVL AdYmbilS _

i
i
i

P Pt P T e e e

SN

B

ey

489 A R



N__ll!!; B = 5 RS E 3 25, G o - ——— S - — . ls!.m.y
2ee €11
e e e e e e . . T L
0°€6 0°0Z1 §°21 0°09 0°*29 E€°%91 0°01% 0°968 0°02010°9Z+10°968 0°029
’ - i ) ’ S *Z1199 = 4d¢ SEG WIS
. TILT! = 38 19D AN
- . e e e e e e e e e e *G6ZYE = wy SUL A5
*H9ZE0% = iIvINS 13 wNS
“Lov01Y = W10l SHO WAS
e . *9EZ6LY = I9iG1 W2 WS
, : 126" 7= = JYNVHD
P e e e e e I S T D e B L D 5T W G000 _ = MODHdabve ia |
oug*o = 39val04S dNOd
880°€ = vIve
S SIHINIL  %13°0 = 3J9v¥01S v113C
Z95°0 BEC"0-  8%1°0 LuL70 18%°0 91€°0 £58°0 0€Z"0 826 °0 188°0 vZi*o 9L1°0 20670 SIN3TDIA
— . -4307 NOLiVIIWY0)
Z°£s a1 yoey 1*8% 159 1°9L L*sL 61 11 125 yelE €18 1*12 *ahil
»16%€1  000°0 0000 2Z%" 1 0002 20%°7 ez £29°2 £6€°2 8260 00D*0 000°0 000%0 7113
BLL®ZT  B%Z°0 1150 s%z°1 619°1 0161 590°2 £668°1 1151 iig*o Z9*0 ZEZ'0 240°0 nia
999°61 86070 80070 zEv1 892 °1 ZEv 2 $19°1 s18°2 Tec*e 0000 vap* i Zv6°0 152*1 NOLLVIDD
it E2 ET
610°6L €12*1L  660°2L ZEI"€L €00*%L GEL“YL EG2°9L 200°1r 9P1°LlI  ZLLTLL  w%e*9L  168°SL 1114t su9
069°€T  ZIE*TT  ®BL°IT  %S1*Z1  @I%"Z1  9%G°T1  T%¥%"El  90%°%1  298°€1  965°61 E€Z6°G6T  961°S1  QOE*Sl 1577
90% €1 0&9°1T  199°11 920°Z1 992°21 HS€°11  %61°E1  ZII1°»1  06s°E1  E61°ST  025°S1  SZ%°ST  €GO°Si 1571
r..,.‘].r‘l..!\‘J . st . N 5 - " S U NS W B PEAER SEnanEsLm e e i espgg T e = : e s g
; 0F1°EF  296°11  s%6°11  L6B°TT  ZI1°Z1  BSI°TI  ev6°2T  @V0°€1 BIZ €1 OEB°»F  91Z°S1  680°ST  ToL°%1 1571 |
|




omoaa_ mancé m¢¢-e Omo-a an-h

€05 "8

6%0 °01 EE*Z1 STZ el €9 €1 ZH0°ET »16°17

HHET 6 9999 S6€°9 1¥5°9 €¥s 2 9lE~f 198°6 £€88°11 S€6°21 601 el s68°21 06L°11

L6L"6 Lt%*9 SHE*9 £85°9 o5%°l 9%Cc*8 899°6 E€e*11 8%9* 21

SSB*T1 geL"dl.  999°11

s49°6 69E"9 L62"9 %269 89e°L 911°9 ZLYy"6 1ee*11 [41 04 | 88G*Z1 £95*71 0%5°11

BB%*6

12¢"9 6%Z2*9 L9%"9 192°1 986" 4 6126 80011 16021 AL A VR4 66E"11

£€2¢%6 SLZ*9 €02"9 11%*9 961°4L L98* L 8L0%e s18°01 €vL11 »20°21 191°21 ne2* 1t

163 &X' 6£22°9 9519 SCE*9

aqaoh

gzLL 918°8 9€5°01  BI9°TI €0L°T1 188 11 S00°T1

LTIL1l 1521

€65°11 1827

By 11 1821

EvE* 1l 1521

co2*il 1527

£e0*11 1521

Zva=ol 1527

ces 0l vs21 :

oce*e 851°9 950G 692*9 L16°9 z25°1 95858 8L0°01  ¥95°01  %00°11  261°1T1  ESi*U1 .
: E19°¢ 199*¢€ ZehE v10°¢ SZ9°E €29 € 652°€ £99°€ 106"¢ B9V € L1132 916°¢ 150°% s$2n
pt14:11 1] *0Z1 8L “09 *29 491 *01g *908 *020} *9g%1 * 968 *0eZ9 *GI33SVE
5 . . - - . oo - R, R (ELLERT R
*heEy) "60€ - “LOY 7R 1L 1L MTAR *Z86 *895 *0 "1 Ll *6511 MGI23596
s s e e o e e o e e s ¢ S SRR A B TR SR . Q3493w
*10%5 *0 *C B I *0 0 *0 *202 5611 *gzel  *B2OT "9 *f1 MO K
b , -43INT 031VINIIvI
*4E06 *42 RT3 B "19€ *901 €9 4861 e TA TS *16Z L1962 “HBY et J4UNNa
S, JE— i G e S A L S S R R S R S W WRLR o noow M gmmamesho o mon 33v4uNs U3A¥LS6l
*90886 *0 "8y *9€2 *ivz *99] *692 i 3 £ 4 *59E2 *1oT *E9Y 0 *0 230NN 4 Lm
o FJIV4ENS CIVINIWI
re89%1 111 *%92 *1z1 *izy 891 *8z2 5642 *1E2€ *1el Te6Ey "YRET *0s4 33UNIE ‘
s Ty 8, s A e o semmes s mstemmeoms e i s eSS & i 19L0L G3AE4SGO0
] *a6622  "60€ 11 YL *556 *o8% 1 “huy] *86%9 *LE1Y *0EG2 *1982 *Z1e e da0ny
- . ) ) I¥LDL GILVINITIVI
16°12 FFAL #6°0 vt £0°7 . 92°¢ Ltzez 6L"e vty FLAd 052 00°¢ 158G d1)34a
T T s e e T T T U gap Y <= NISYE UIALE NOIVVIWE3A WOVIR -- 3VGVL Adyewns T T e
L {
; !
g S 0 Y P ST LA OS] TR RIS AT T g g R g R e o e L e e S S e TR s e

seeang

LRLE

Stk

L

LAV



i e ,s .:. .:... -:1}}3:5!?i i . . . )
i 1
bl2 ol
e S - IR T e —_ i i vl
%521 4°0%1 6°0I1 0°8€1 0°E6 O0°€0% 0°0ZL 0°96% 0°9L2 0°6LZ 0°012 0°212 |
_ T ’ i *1961L = 4y SHEC NS Do
*SPELN = 3% WD wNS
e e - e e e e e "OEEESE . = ¥S SeU aN3
T ) = INIBS VI alS
*96Z5ZY = WIGL SBC whS
s 3 - . ) ) 3 *461 106 = 101 WD aNS
; ’ 19¢* 5= = 3IONVHI WIOL L
I e e . ) . LouTe = RKOIASSVE L3
000" 0 = 39V&045 dkde
1£6°2Z = wiwy :
S B . . SIHINI 6B EZ- = 397H0LS viO30
L19°0 »1%°0 195*%0 8180 vig*0 096°0 1450 608°0 256 *0 9290 62€°0 56Z°0 1480 SaNIIDI S
e . . ] B ) ~4302 NOELVI3dw0d
2% 6*12 5*9y 1°19 869 1L 008 0*9L T 5°94 994 13 1" cawdl
150701  000°0 0000 £€29°0 $80°1 159°1.  €82°¢ z8s°Z TzL°1 292°0 000°0 000°0 000°0 77143
G%9°?1  921%0 709%0 011 GE9°1 zZ18*1 »EL*T  $06°1 666°1 zZ1o°1 8920 9¢2°0 A90*G - Znia - °
161°9 000" 0 €010 0000 9960 »80°1 €22°0 %90 990°Z 100°0 89¢°1 200°0 6BED KG11VI2D
- -%3d
RELTCL  EYYT69.  E09°69  Z61°69 HL0°0L S6E°pL  9EB0L  ZOE*12  %9e*TL  ESE1L  9%I°0L  G§2°0L  S99*CL SH9
95€°0F 119°9 6£6°9 £18°9 661°L 0518 BOY"01  €T9°ZF HEL*€1  GHE°€l  9Z%°€1  €8Z°Z1  980°21 1571 il w
6IE°01  165°9 819 694°9 LT TRF) 8698 EEE"0T  %15°21  619°€1  €2L*€1  H0€*€l  191°71 +96°il 1521 .
s e e e e e ) : s
L22*01 29579 06%°9 651°9 viL°L 92980 82201  HLE°Z1  B4¥"€1  SBS"€E1 OHI®El BEO°ZT  1%8°11 1521 :




=
it
-

- . £%9° R 616°6 599°9 98¢*8 £86°8 0s8°8 6%8°01  $BC*IT  wE2*e LT Ak ] 88L*9 oL67Y 515°9 1571
zZ19°8 905° 6 2L9te £12%0 H96 8 698 *8 0e2*01  €50°11  Ge1°6 LT AL ovLe9 7789 9949 ist
Si5°8 LT 169°8 1s2°% £46°8 SER*H 0li-03  210°11  ssl*6 1518 169°9 €199 L1%°9 1521
ik 2ES*H 54"6 62978 12z 10b°8 98L "8 00L*01.  826°01  911%6 6018 £49°9 %Z9*9  E69E"9 1571
vave 1146 £55°8 4818 EvB*d s21°9 21901  1£6°01  1i0%6 290°8 %6679 11€°9 12¢%9 1527
- EELAL U9ET6 . PESE YEYI'H sp9 g 599°8 66%701  198°01  6£0°6 4106 6459 0€L "y 512°9 1521
S9E"8 0lIE"6 9L%y L1078 IR ] 055°89 9901  8Z8°0Y  Z200°6 L6t 2os 9 LAl 6229 is21
uw 6%0°R ese*8 611'9 61L1"L 11e°8 2s6° L GL%* 6 08e"01 L0 206°1 2E% 9 %ie*9 Bs1 "9 AT ]
£04°F 120°% 8L Leete £SL°E 9EvTE SLZ*E  966°€  GOL°E L66°¢ IRt RE 13 TR £59°€ szn
“BGZE ‘s *ivl "1l *8ET "6 "E0Yy *0et 96y *9Le M T X4 *ole e FO335V6
: _ G3hdIsEU
5 ) *ouhE Toge ‘682 "Bl "6SY "89% "8L8 ‘Lt *ES oY "EZ1 *a961 *9¢d (R PEITI
: e 1 e S T s s e e s SRR e o 4avingimd
~226 0 "0 *a 0 0 *041 *ZRL 0 0 *0 "o ‘0 ... R
3 E =wIND GIFNNIIVD
THEELE LT *see *0 *90¢ *258 *991 "59P0Z  *lEb Y11 *oy *19 * o€ 34NNy
Y SR B RS SAERIE e 1L N fs L e e e s e e 39U UMY CTAEISEU
TEONEY 0 *18s LT *466 *8992 *0%2 *IEEve "0Z11 "HOYE *uy 0 "0 $aDNAN
= 374608 QILVTVIWI
*ES90E  “20€ *99¢ 1 *ovE "59 *695 *eE512 t1Ev1 *LvE *sze TLee *y52 FECLTE]
Crrintbiien By Simmmeenonn W OmomA Y S e S S A I s B e e S e 15 b s i e Ba o LRI ELTE R I
*€L11% 062 RLE M *25%1 741 *8521 "0E1SE ‘211 *ysyE *zd * 951 *9¢2 430N
) : i Wi0L G3AVINIWD
12 ek L L] 19°¢& is*0 [AA4 | GZ"S LE*1 2601 LL*e z1's Og*1 0%*0 »2" 0 d13J Jid
,wzlion:.t-:..:...;., ST T T g6~ NISYE H3ALW NOITVIWBIA WIVIE -- $8VL Awvewns T T T -
]
! .
4 e e et e e ot e e e i e e e e e e s /

Lo iy

-y

EEERTRCa



7 905°0 851°0 N

3 yeug 1°62
0s1*01 - 000°0

i © 9€etzI . 491°p

”@ . ZIL"E1  9ZL"0

3 . 65569 20%* 69
65978 BES° 6
199°§ 4€5°6
ais*e - uww-r;i;z

11k

s11

0

0°019 0°9%9 Z°EBL L°E6Z €°ZZ1 9°802 €°10% %°19% 8°T06 Z*L¥0T1°9LZ 6°€61

. e oo T *9zz6i = 44 SEO wNS
*1LL98 s 48 WD DS
e g A S i A LA “edl03E | = @% Suwl NS ;
*951254 = InIHS I wnS
*5555GY = IViGl S®C wAS
e " . . . tg99gehs = ViDL tvd ANS
OHE*E = 39NVHD Wu0L
i m e . . 900"0 = MDI43SY3 43
000°0 = 39Y5ULS ONDd
v16°¢ = VIiww
. S3IHINI  10€°9 C= 39YHULS ¥i3Q
258°0 LLETO-  %01°0 s56°0 ¥29*0 s1s°0 2B1°0 209°0 8si"0° 19870 BEY 0~  SiA3IJ13
-4309 NOFLVIZ0EID
§°5% 9°65 L*19 1Y €18 6°1L 6°L9 1°65 9°g¢ B2t 92¢ *andi
0000 HET1*0 16%°1 901° 1 989°2 112°2 609°1 B0E°0 0000 000°0 0000 2143
9590 £68°0 629°1 €19°1 £€8°1 6%:"1 z59°1 681°1 126°0 Li1%0 1€2*0 7hi3d
1080 000" 0 60%°0 128°1 0000 619°s 199°0 LLT*E 12%°0 0010 000" 9 NCIAVIDD |
: . -u3d
1E5°69  189°69  %16"69 910°0L %E¥°0L %09°69 €11°69 SGET*69 SL1°69 682°09 %2569 Sk9
Y018 c0t* 8 900" 6 2269 »6f 01 *51*11 cl1E'6 LyE*® S88°9 199*9 119°9 ASI
ouLte 10e°9 100°6 si6*p »pE°01  ZEI°11  962°6 1ZE°8 %98*9 LT 12 165°9 1821
a0 OGO S
L LT A ] s62%8 66 °9 06"8 1L8°01 21111 €126 b62°8 L1348 ] 199 2969 1521 m
B T R T R T R R e Y R e .] - ——




19921 925°Z1  09%°21 64521  696°11  A90°11  6I8%€T  9I16°21 LYDE1  U%i*€1  GZ%°€1  ®6E°IT  80%°C) 1521
»6ZTZT  ZHE*ZT 92TV Z6E*Z1  9sL°11  BSHOY  €E9°ET  BEL*21  6LL°ZT  9ES"E1  Lv€*€i  CEECMl  96eOl 1527
. ET1"ZT  §%1°21  6i0°21  61%21  €29°11 £99°01  6LE°E1  1@%*2Y  86%°Z1  Z0E"El  962°€1  ASE*1T  %i€*01 1521
$Ze*11 6E6TT %L1 066°11  6%%°T1  6Z%*01 ZZI'E1  €€2°Z1 »12°21 €90°€l  LT1°€1  6Ze* 11 %%€°01 1521
7 EELTE1 L2011 BS9°VI 244711 €22°11 €0Z°0T  098°21  116°T1  %Z6°T1  %iA*Z1  6/6°21 o0&Z°11  90£°01 1521 n
i SISTI1 L0411 4L€°1TT  946°11  960°11  1I6°6  »6S°ZY1  204°11  6z9°I1  065°21 11821  €£2*11  252°0% 1521
28Z°T1 210711 6.0 JIE"TE  L16°0T  6%L°6  %2€*Z1 %2411  +1€*T1  292°21 ©09*21 +%1°11  02°01 1521
EE¥7OT  18%°0f  siv*0F  11s°01  ZE0*01 oo0L°® €99°01  T¥8°01 €19°01  %B0°1T  65Z°1I1 96L°C1  2%8°6 v 21
3 ©OESLUE 9iz*§ 0%0°E Y65°E 850y P13 13043 6%6°¢ Z8L°E 206 *€ 690 % pi0°y 250 sIn
: "0i%9 *0L9 *949 “EBL *467 vzel *602 “104 *89Y *206 *1v01 “uLe *%51 I FELL TR
SN T ; o . . . 5 . - U =L E L C
, *0995 {38! 1L *5Z61 *60% *HE¥Z  *B19 "4l 9% *0 0 *c51 *z61 MOT43SVE
S 0 F s e ot S AP SR 1 et T ICEIL ALY
*19%6LT  *GSI it *605 *5%6 0 *E1%6 *ZH1l *c6 11 *196% *#16E *151 *0 MW
iemrmin i s s . oy _ L ‘ S C. . =dIANT G3ILNTADTIND
“%1946  “iO0% . “pe *1960Z &€ *118L  *61€01  *16€ L2 €31zl 169 *oy $dLiN e
R TS R S S D S - B e 3TV ANS GIAN ISBO,
, *HE66Z  *6b1 0 "0 . *TEE9T  "I¥E *ZE0E *GE2¢ *£96 €01 L5 *g "Gyt J40MYE
L~ : . y 39¥48NS G349112793
i *£80%3  *1201 *059 "196 *65112 *191 ~ozs8 *TRL0T  *86i *6E11 *01281  *Z02$§ *0EY da0i
mgespesscenenis swagowoa w e S e e e e e e e e — R ; a ; e IvaRL GEARISED
%9125 *GBY1 *g8L) *a5ye “y8ZET ‘1812 *E906 *166% "$E92 *590% *GLEY 113 *ges C3aCNY
. _ TRi0L 93VIIIWI !
00°9¢ 56°1 80°0 95*0 e w47 A 80°8 vy iyt w1 TATS $5°1 oldiud

G961 -~ NISVE HIAIH NOIVVIWH3A HOVIE -- 3TIVL AdVAANS

cemang

gy

B



0
~
l e e e s

Py

1660
N B €S
| 0121
. 155°21
: €8zl
o "S16°1L

s18*21

0%L°Z1

80921

i
|
|
i

129°0

9*BE
000°0
eZe"0
1LEZ"0
€EY8"0L
Movowu
sis* 1

»89* 21

01 0~

56

[+{ili R 1]

680

0000

88411

ezl

6610~

L°Es

L19*0

1.8 R

s10°0

sle~ze

%96°21

0090

%°s9

806°1

289°1

081°%

Lov"gd

6le*Z1

£EZ"0
11
LEE*?Z
LsL*1
ZL1to
158~ 2L

165" 11

2%9°0
B 9L

201°¢E
111 B4
€s6”t

G¥9°EL

69%°y1

CEebtsezer Ehal 1009 bew

9zt

6ET

811

0

g°62¢ E°61t L 06E 6°15% STH5E v 55y

*56918 = 4" 58U wAS
*1549% = 49 VI wNs
R S G S *lE¥BEY = uS S8G w05
*08BS0S = inles WI ansS
*2e002S = IWLGL $8D ANS
. *1E£209 = 9101 WD mNS
OEl"e 2 JONVYHD Tvifi
O USRS ROTIT- 1 1 + k¢ SRR N L4 ) E E-0 02 S5 R
o00%0 = 39valiS UNDe m
4% o 1 = ¥Ivy i
S3IHONI 8919 = 3TVYDLS VIBI
996°0 18%°0 6% 0 L0 0 BEE “0 BSE"0 SINILJE 3 ;
= . ... =4300 NOI.iv313uyd3
214 5°89 2* 99 »* 1t 6Ll L3l T4 “da 31

€0%°2

906" 1

yZe"

Y%9°1L

El%*El

696°1

2ZL°1

Z2LE"Q

IAYSa V]

129°€1

9100 0000

991°1

c%Z°0

toL*i

%920

eve* 1L

121°%1

gE¥*El

Bel*dl &96° 1 eLe2x vyl 42t ¥1 06E°ET %25 €1 E80" %1 LA AN |

91921

pEL* 21

ezl

99z 11

801°%1

Zolel

P4:TAd 3 |

IS5 ET 13¥°£1

co0*0 GoG 0

18170 #81°0

s1l°1

I

80%*1

YEZ By G0T°59
£Elv*11 g2%*0l
FO%° 11 %2%=01

ECy 11 81%° 0%

NGIL¥10D |

~¥3e

SHY
1521 ‘.
1521

1521

R



N@:li;.

Ww . #90°11  819°%
698°01 2E5°e
659°01 948
o%%*061  09E°8

W.‘ g12*01  s12°8
596°6 £€61°8
0SL°6 Nl-.m

“m 28966 $90*8

: 119°¢ 200°¢

; 0512 GoT

W_ €590 191

_ “EgEY 0 |
*E062 “g-
51921 "0 °

- *£2201  *GY1

*85992  *191

‘ ‘ 25722 26°0

ETCRUPEL )

1521

1527

1521

1571

1521

1SI1

1827

¥5Z1 2

SIn

»G143S5ve

U3Ad83580

(A" REERRA S

[V E]

=d3INT C3ILVYTI VD

EETT T

43V42S CsAd3SU0

EEIS T ]

FIVIENS GILVIIIINI

230hkNa

IviD4 C3A¥3ISEO

4340NY

L0l 031V

819°49 £91°8 ralad bEL B #SE"01 E¥ETEIT 2011 o6zl ELETEN B6L"ET 11e°21
ri3-34:} sL9°8 YEETE i8l°8 ¥¥1°01 €90°21 YLL"2Z1 496° 21 160 ¢l 066" 21 1211
9558 786°%d »Z2°%6 1e9°8 6266 LIYRA R} 62y 21 819° 21 Lt e ‘ 1Lz SIs-Zi
09t*8 l6%"8 S11% AL ] 11L%6 Z2e8%° 11 6102l 9e°21 ey-eln S0%° 21 192*21
oLz 01%°0 800°6 6EE"0 be% %6 amaowﬁ eL* 1l Aco-um.. GE0*Z1 SRO-Z1 186711
MOM-W L T4} £E06°R r@~%ﬂ L1126 l!:mvm-OA —hm-ﬂ‘i>0mmc——“ ozrt it zwhnwn 949 *1}
Zi1*s eyeH 6616 9%0°8 09076 165°01 H10° 1% LS1° 11 cmm-du. #3c°11 26211
s90°¢@ £61°8 th-waiiwoow-h .‘amm-m‘\; 81%°01  »€9°01 ,rdhvtmr mmrwqd oco-qh.. 998 °01
6ET"E mmenm LBL"E 908 °¢ (2 124 ElLE L4780 3 2i%°¢ LEL L L0y 6%
*EEl -NM *19 “hy el ncmNZ g -0ﬁm., ‘158 “BoY *0%t qmmw,
"elz “Sbe %02 "ILE *EHE 2oy *Hee "L *SE "1ie "BEE
“0 0 ,-o cr o *0 ‘el - :-nnm Etl-“pr“ owomﬂ.\ *Ziol *eo9 .
-Ql_ 0= 0912 *88¢ "ELe 4114 “0he ‘B9 "9b "GS9t ‘19
0 0 o¢mmr 4 -mmm-. ‘9861 -OGmN‘1‘.-om-\‘ Mwa“ ‘ -L o *eee 69
*2ET *iL Toéee *ley TSH01 1] ‘659 *659% %95 *6cid e ¥
“eTe i 1-T4 chvhn. "6Z61 *eLEl ofN-m;. *yZ9e ‘ *5%91 . chwmﬁ‘ iial 9%91
£8°0 . 5"y 9%° € i ¥S'E 16°¢ \ SE°Z %23 £E<T0 €80 (3
TTTUTTUG961 S NISYE WIALY NOITINUAA WOV S~ 110VL Apwmwng T

b . s e . 8 i

dlJ3ud

frev)

LI



o
L . v - o
-l i
F4.Y4 1
e A i B I A G | RS R A g o e . 0 _
0"6Ey S 1%% £°9¢E 0°102Z 0"0%E B8"6t6 T ZHLIL*DIE 2*Bic €"9L0 L0401 L 6%V
o T L] ’
’ T *gheng = 44 S80 wiS
*%01101 = 44 WD w0y
e s @ U - I e I 2 1112 .. . = &5 540 NS
; *EBELES = INIuS 1Y) #whS
*GRZ0ES = Wi0L S90 ans
p— : B 986879 = 104 V73 wns
g . H81°%- = J9NVHI VL0l |
P - —— o —— i
S e
e - . . A R S s W o i 3 LRO0tG = MO45Svd L3
0000 =  H9VeuUiS ONGd
itz = ylvy
-t = SIHIONT 190" Z- = 3J9VHOLS Y4130
605%0 645°0 0ES"0~. E18°0- 159°0 €18°0 11€E°0 6%1°0 €920 96E*0 9€9°0 1610 $%1*0 SINIIDIS - .
e : i ) ! =430 NOIAVIZHE3)D ¢
17€s 1°e2 g€y 1°9g FAd 1) GEL o*z8s §"2L 0*tE9 56y G 9y 0*1¢ 92 *dndl
210°01 000°0 00070 209°0 vi%v°1 849" 1 FL A DZ%*2 eu*1 S00°0 000°C 0000 000°0 713
. 55121 6E1"0 1%%°0 120°1 byl 856 °1 L60%2 Sii*1 LYy 1 0zr*o 2540 122*0 6010 3 ;
: 9769 000°0 000°0 000°0 11104 | L1%*1 2eh*0 1611 21L%0 900°0 o060 Zi%*0 19Z*0 MGILWIDD
e : -u3d £
168°6%  2£2°69  S16769 UE%*69 BSS"69  E19°G9  9%B"69 Z¥0°0L 061°0L 1¥E*0L 615°01 E€2°0L s1%"0L SM9
: 81¥°11 084°4 LEFAS:] 0c6" 8 $92°6 6026 1801 §s8°Z1 969°¢1 LT RA A | BYHET SBS 1 EEZ*E1 1521 |
»GE°TIL €528 £S5l 6 206" 8 zZ19"6 H91°6 ‘#L9°07% ziL 21 1091 LITRE Y AT A 160°¢1 002"l 1571
P S——— e e s s o s : o5 . . N .
m €21 €018 €0L"8 [12-4: 4 #95°6 410°6 LS55°07 €£19°21 LrAad 3 165°€1 609°¢C1 19 €1 690°¢F1 1521 i
i “
i ,




896°01  @£0*11  696°01 O0E€S°01  Ze9*s  OIZ°I1  I%5°€1  AIs*%1  996°T1  92%°11  €€0*6  OZR'9  659°8 1521 ,
158701 626701  09e°01  EB1S*01  %6%°6 TE0°11 YEECEY  G5%cv1 EBB*1IT OYE*Tl  Lve*R  YEL"W 69679 1527
ZEL®OT 818701  6%L°01  »0%*01  %S%°A #%6°01  #ZI°€1  O€L*el  661°I1  +S2°11 098°8 1%9°8 Z9% 'R 1571
019°01  %o2°01 SE9°0T  L1BZ°01 012*¢"  6S9°01 906°21  681°%1  91L°IT  @91°11  +i1°8 295°8  l6E°E 1521
094701  98S*01  L15°01  991°01 6S50°6 09%*01  519°ZT  0Zo"%1  B09°11  »60°11  069°8 RL% "B Zi1cy 1521
o SEE*OT  09%°0%  16€°01 9E0701 fe6B8°8  9%2°01 4&%"ZT 908°€l 9€%°11 €66°01  109°6 SEE°B 0€Z°8 1521 s
BLI*O1  £ZE°0T  892°01 0066 LTI 8i0°01 091°21  §9S"E1  SZZ°T1  GAB°OI  12%°8 YIEE EY1tH 1577
& €S€°6  SES'6  99v'6  £80°6 989°L 186°8  S%6°6  B9E°TT  L6B'OT - T2L°01  61%°8 19278 201°8 vsZ1 <
o1R°¢ 098°€ 048" 2z6E 919 ¥59° € 996" € SE0°%  BEL"E iL6"€ YER®E L9k vyl oE szn
R A I S e _ X e [ s K A A T A e P g L s..... . PR R A, ST SRS B NIRRT 5 4 5 »
"DL1S ~6EY -1 i 113 1oz *OvE “0%e “2%€l "11€ *B1E “9L1 “1L1 “ovl PGUASUE !
e : e . o } . . ) G3AM3SED
*uv56 *1801 "s1El *626T: 1041 *5962 7T 0 *ZCE *bi "L 08 *1r HCI43SVE .
R SR R SO R 0% S T ARSI T e o S S Yy, RN SIS SOPNIN SUTTIEIE § U R T s S SO MIWT
= *951%1 "o 0 ‘0 *0 8 thohy *1z26 *y2E 1] *0 *0 ‘0 M Vd
b -¥3UNT GILVNIDTIVY
*2969€  *0 o1 "ihi€ *95% *tel *G62 ‘01562  “ELS 01zl 0Ly "L ¥+ 14 SHUN
SESEMRL L - , B - S I N I et e e s e e . 3V WS 03AHISED
- *%909Z  *0 *191 =191 %26 *569 *658 "Lzel  *9zz *4v9 *6zZ6 ‘0 *4Z1 23DNNY
e . 3IV4BAS GILVINIWI
TEElZY  CBEY TZos * 480 *1%% *1ES *62i1 *2580F  *un9 *gzs1 "9%9 861 “uEY 440NOy
[T e - e - e - S I TVa04 C=Ad358L 0 o
i *4916%  *1801 *1951 *962Z€ *5z92 *B9ZE *1009 *y568Z 1688 *698 *586 *u8 *qEe EEL LY TN
IR— ; : o g o s S : ; : = e e VML GHYVIDWND 0
.
. LE°sE £1°1 Z5°0 1L'€ SLTE 5971 1€°€ 95 *01 0y 1134 oe*2 €£2°0 19%0 9id39d -0
: SRR, TR R AR AN S TR AR TR SR |, MR ZR TNE  SUNIRRONN  POOSITaSD TRG B IR S A, S R R R T s m
: :
O == U U SO G-

" " 1961 <= NISVE WIAL¥ NOITIIWHIA WIVIE -- IUVL ABVAKAS

; : _ |



D"€ES

GO TL

u6%"0

2sZ*11
29e*z1
»Z1°91
FL T § 1
2111

Tes il

62%°0
L°1¢

000%0
912°0

96E€*0

1ee* 11

orZ= 1t

E21T 11

Z9z*11

Tt

%1011

1€6°01

BEE*01

8EL°01

B6EH

988 %6

%916

239°11 880" 91 beR*H1
616"tl 69L*YY

Les* 11

ewm-—-. SEL*€El 189°%1

£21°Z1

L60*21

av0°21

885" 11

195°11

015° 11

Y61°6

891 6

L11%e

7868

[ 310 )

L1000

Li18" ¢ 1527

Gel*w 1517

6EL"9 1521

T

-y

L]
*41968 = 48 S€D wNS
*B43011 = 48 VI KNS
T A T L R i s L S S S S R s | T OOHRB® L i s BOUE SEL RS
*ED169S = INIas I3 w0S
*B1%2LS = IWIGL S80 WIS
. . e . N L *Dps1849 = IWL0L VD A0S
261°¢ = JONVHD ViDL
e et et e o oot et e e+ et vt e et e e s i - R 9CeTC = HMD4535ve 13
000" 0 = 35¥g0LS ONDg
#68°€ = Vivy
S3IHINE  Z260° ¢ =  39vd¥GliS vii3o
%% 0 Z81°0 BZi*0 SE8°0 6%e"0 Z6%°0 S68°0 0om.o. 0640 0t8 "0 €660 SINIIDIa
E o =3333 N31ividend)
90y 7°S% 8°%9 [ R ] 6%l 1*1l Z°09 1°9% 9G4t 1°2¢ 9°8Z "anil
000 9060 112t 0s2* ¢ 698°2 128°*2 got1*1 QoG 0000 006*0 0000 77113
1£9°0 LLE1 LI 1941 Z¥R*1 g€8"1 076°1 £62°1 g2 1 | ¥ A) 1€2°0 [ Ry 7hid
%120 2861 620°*1 161°0 291°0 185"y 601 °1 860" 2 ¢E0*1 0€0"° 0 2Li" 0 NOILVIDD
- i . ~¥3d
265" 0L 801°1¢ LYV ER V] H9€° 2L F4: L A ¥ 982" 9L o€z gL 52569 91169 S60*69 E21%69 0L1°69 SMY

o

PRNISHRS = 4

J

-



DEVELOPMENT AND TESTING OF A CROP DEPENDENT EVAPOTRANSPIRATION
FUNCTION IN THE KANSAS WATERSHED MODEL

by

AHMAD NAWAZ

B.E., Peshawar University, Pakistan, 1966

AN ABSTRACT OF A MASTER'S THESIS

Submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE
Department of Civil Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas U.S.A.

1975



ABSTRACT

A new evapotranspiration function for the Kansas Water Budget model is
developed and tested on the Black Vermillion watershed in Northeastern
Kansas. The purpose of the new ET function is to improve the response of
Kansas model to daily climatic changes and to the distribution and stage of
growth of crops on an agricultural watershed. The new function uses the
Penman Combination equation modified by a three coefficients which account
for, 1) the soil moisture availability, 2) the increased soil surface evapora-
tion following rainfall, and 3) for the crop transpiration effiency which
varies with the crop and the stage of growth.

The new function was programmed into the present Kansas model and both
the present and the revised models were applied to the Black Vermillion for
comparison purposes. Improvements were noted in daily and weekly responses
of the revised model. In particular, the overall correlations of calculated
to observed daily streamflows for the 1954 through 1967 study period were
improved from 0.58 to 0.78 with the revised model.

The significant improvement in streamflow simulation accuracy requires a
modest increase in required input data and computer time. If planmning
efforts revolve around optimizing yields from agricultural watersheds, the

extra cost would be warranted.



