




















































































































































































































Table 13.-- Regression equations for predicting solar radiation

[solar radiation = A+Bx (solar radiation at Bismarck)]

Hay Creek West Branch Antelope Creek
Standard Standard
Month A B deviation R2 A B deviation R2
1 35,27 0.74 39.44 0.44 -24,08 1,22 24.65 0.85
2 58,77 .68 55.42 .46 23.56 .91 34,23 .79
3 116.64 .62 79.90 .34 67.32 .78 53,21 .65
4 50.90 .86 92,47 .67 100.92 .81 66,21 .77
5 180,12 .62 107.77 .46 18.65 .94 69,07 .82
6 223,10 .61 109.29 «37 153.13 .78 82,94 «63
7 279.80 .55 86.68 .41 122,59 .83 89.16 «65
8 247,65 .47 130.80 .09 101.63 .85 107.21 .47
9 54.88 .88 78.95 .62 27,81 .97 44,17 .87
10 127.93 «53 58.14 .38 61.05 .86 29,31 .86
1 82.04 .54 39.60 .38 31.79 .88 30.03 .74
12 19.03 .88 33.07 .39 -1.37 1.15 30.15 .61

is needed for the prairie., During short periods without runoff prior to the
main snowmelt-runoff period, as much as 60 percent of the snowpack water
equivalent has been retained in storage on top of frozen soil. This type of
storage was found only on relatively flat areas with shallow snow depths,
Male and Granger (1978, p. 120) indicated that in a prairie environment the
initial melt period where snow cover is continuous does not produce
significant runoff, and ponding water appears. In the northern Great Plains,
runoff is not significant until 20 to 30 percent of the watershed is bare.
To account for these two situations, FWCAP was increased to 35 percent,

Rain mixed with snow is rare in North Dakota and, if it does occur, usually
occurs after the snowmelt period., Therefore, the value for the parameter RMXA
is the proportion of rain in a rain-snow storm above which snow albedo is not
reset in a snowpack-accumulation stage., The value for the parameter RMXM is the
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proportion of rain in a rain-snow storm above which snow albedo is not reset
for a snowpack-melt stage. This treatment of mixed precipitation will not
create serious errors. Values of 0.20 for RMXA and 0.50 for RMXM were
estimated.

The emissivity (EAIR) is the ratio of back radiation from the Earth's
atmosphere to the theoretical black-body radiation computed using surface
air temperature. Several investigators have proposed equations wherein
emissivity is correlated with surface vapor pressure (U.S. Army Corps of
Engineers, 1956, p. 157-159). A value of 0.757 generally is accepted for
emissivity of extensive snowfields during melting of a snowpack. Other
investigators determined values of emissivity for these conditions varying
from 0.579 to 0.769. The value 0.757 was determined for melt conditions of
extensive snowfields, which are not the general conditions throughout the
winter in North Dakota. Values ranging from 0.733 to 0.873 were determined
for emissivity using the Rosenbrock optimization procedure. The sensitivity
analysis indicated that the model was very sensitive to EAIR.

The watershed system is described as a series of reservoirs (fig. 21)
with the outputs combined to produce the system response. The soil profile is
a reservoir where storage is increased by rainfall or snowmelt and depleted by
evapotranspiration and seepage to the subsurface reservoir. The depth of the
soil profile is considered to be the average rooting depth of the dominant
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Figure 21.—Schematic diagram of watershed model.
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vegetation in each HRU. The soil profile has an upper and lower soil zone.
Evaporation and transpiration occur from the upper zone, but only transpira-
tion occurs from the lower zone, Moisture in the soil-profile reservoir seeps
to the subsurface reservoir only after the soil-profile reservoir reaches
field capacity and, in turn, moisture in the subsurface reservoir seeps to a
ground-water reservoir, Surface runoff occurs when rainfall exceeds the maxi-
mum infiltration rate or when snowmelt exceeds the maximum daily infiltration
value. Subsurface flow is the movement of water through the soil mantle to
some point of discharge., Flow from the ground-water reservoir is either base
flow to the stream or to a ground-water sink, a point beyond the area of
interest.

The parameters used in soil moisture accounting are SMAX, REMX, SRX, SEP,
RCF, RCP, and RCB. SMAX is the maximum available water-holding capacity of
the soil profile and is the difference between the moisture at field capacity
(1/3 bar) and the permanent wilting point (15 bars). REMX is the maximum
available water-holding capacity of the upper soil zone. These parameters
were estimated from the Beulah Trench report (U.S. Department of the Interior,
1977) and from analysis of soil profiles.

SRX is the maximum daily infiltration parameter. SRX is not a
physically-based parameter and was determined by using the Rosenbrock optimi-
zation procedure. The value for SRX ranged from 0.25 to 0,33.

SEP is the constant seepadge volume of excess moisture from the soil
profile to the ground-water reservoir, GW. The remainder of excess moisture
from the soil profile seeps to the subsurface reservoir, RES. RCF and RCP are
subsurface~flow routing coefficients and RCB is the ground-water-flow routing
coefficient. GSNK is a coefficient used in computing the seepage rate from a
ground-water reservoir to a ground-water sink. SEP, RCF, RCP, RCB, and GSNK
were very sensitive and were determined by using the Rosenbrock optimization
procedure, Values of 0,28, 0,0001, 0.01, 0,004, and 0,09 were used for SEP,
RCF, RCP, RCB, and GSNK, respectively.

The maximum (SCX) and minimum (SCN) possible contributing area as a
proportion of the total HRU is input for each HRU. These values vary
depending on the characteristics of each HRU. Values for SCX ranged from
0.03 to 1.00. Vvalues for SCN ranged from 0.50 to O.

IMPERV is the effective impervious area as a proportion of the total HRU
area. Although there are a few roads and farm buildings that are impervious
areas, these areas are relatively small and IMPERV was set to 0. The maximum
retention storage on an impervious area (RETIP) also was set to O,

Interception varies with vegetation type and canopy density and with
precipitation type. These factors are used to determine interception for each
HRU. Winter density of the predominant vegetation cover above the snowpack
(COVDNW) is expressed as a percent of the HRU surface covered by horizontal
projection of the vegetation canopy. For most areas in the Fort Union coal
region of Montana and North Dakota, COVDNW is O. Generally, the only
exceptions would be HRU's that consist mainly of shelterbelts or of river
channels that are predominantly tree covered. For these areas, COVDNW would
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be between 0 and 0,10, Winter-interception storage capacity for rain (RNSTW),
expressed in inches of water equivalent, and winter-interception storage
capacity for snow (SNST), expressed in inches of water equivalent, are the
quantity of water that can be stored on the foliage, branches, and stem of the
predominant vegetation of the HRU, RNSTW and SNST are negligible for grass,
and values were estimated to be 0 for both parameters.

The transmission coefficient for the vegetation canopy over the snowpack
(TRNCF), expressed in percent, is a function of canopy density, crown depth,
size of tree crown, species, and season. TRNCF was set to 1.00 for most areas
and near 1,00 for areas of tree cover,

The summer vegetation-cover density (COVDNS) and summer-interception
storage capacity of major vegetation (RNSTS) for each HRU are not used in
computing snowmelt., The values for COVDNS and RNSTS vary throughout the
summer and from year to year., Much of the area is cropland and vegetation-
cover density varies from bare soil during planting to small sprouts to dense
crop fields prior to harvest., Also, the growing condition can have a major
effect on crops and pastures.

Partitioning of Watersheds

Each watershed was partitioned into a number of HRU's based on slope,
aspect, vegetation type, soil type, and snow distribution. The criteria for
partitioning a watershed into HRU's is subjective, For the Fort Union coal
region, partitioning can be based primarily on snow distribution, thereby
taking many of the other criteria into consideration.

The optimum number of HRU's for the Rocky Mountain region was between 15
and 22 (Leavesley, 1973, and Weeks and others, 1974). The optimum number of
HRU's for the northern prairie needs to be determined. The Hay Creek and West
Branch Antelope Creek watersheds were first partitioned into 23 and 36 HRU's,
respectively (figs. 22 and 23). The West Branch Antelope Creek watershed
also was partitioned into 18, 9, and 1 HRU's. Partitioning schemes were
accomplished by grouping HRU's as listed in table 14,

Snowmelt Simulation

Model simulations were made for each partitioning scheme., The
hydrographs of the measured and simulated mean daily streamflows are shown
in figures 24 and 25. The runoff periods represent a wide range in snow
accumulation and melt periods. The values for objective function (absolute
value of the difference in total measured runoff and total simulated runoff),
EAIR, and SMAX-SMAV for each simulation are listed in table 15.

In general, 36 HRU's produced the best results for West Branch Antelope
Creek. The large differences in values for objective function and difference
in total runoff for 1979 indicate that the model is sensitive to the degree in
which the watershed is partitioned. This sensitivity is due mainly to snow
distribution. The snow distribution is defined best for the 1978-79 winter
with the model simulation reflecting it. For low snow-accumulation periods
of 1979-80 and 1980-81, when variation in snow distribution was not very
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Figure 24.—Measured and simulated daily discharges for stream-gaging
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Figure 25.—Measured and simulated daily discharges for stream-gaging
station 06340528, West Branch Antelope Creek.
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Table 15.~~ Summary of simulation results for the Hay Creek and West Branch

Antelope Creek watersheds

Number
of Cubic feet per second
hydrologic- Total Total
response measured simulated Objective SMAX~-SMAV
Year units runof £ runof £ function (inches) EAIR
Hay Creek watershed
1978 23 146,79 201,75 146.79 2,00 0,760
1979 23 25,47 19.18 171.51 3.00 .798
1980 23 .24 2.78 2.84 2.80 .859
1981 23 216,10 45,66 11.40 .78 .733
West Branch Antelope Creek watershed
1978 36 323,50 262,70 122,02 1.91 .860
1978 18 323,50 254,75 124,75 1.90 857
1978 9 323,50 292,40 127.64 1.99 .846
1978 1 323,50 117.75 215,19 2.96 .846
1979 36 396,30 399.67 76,59 2,63 .844
1979 18 396,30 403,73 110.85 2,63 .837
1979 9 396,30 444,89 149,81 2,63 .835
1979 1 396,30 226,47 189.89 2.9 .863
1980 36 18.57 12.67 6.49 3.69 .844
1980 18 18,57 7.69 12,05 3.00 .892
1980 9 18,57 17.63 6.78 3.00 .873
1980 1 18,57 3.42 15.15 2,10 .873
1981 36 43,00 33.24 39.88 2.91 .830
1981 18 43,00 62.58 42.49 1.66 .830
1981 9 43,00 80,24 57.75 1.68 .825
1981 1 43,00 5.49 40,76 2,27 .857
1982 36 481,93 558,22 446.11 3.50 .845
1982 18 481,93 454,18 395,39 3.00 .8445
1982 9 481,93 537.55 530,39 3.00 .850
1982 1 481,93 179.39 313.09 2,38 .844
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great, the model was not as sensitive to the degree in which the watershed
was partitioned. This was indicated by the smaller differences in values for
objective function and difference in total runoff., Therefore, partitioning of
a watershed is a function of the degree of variation in snow distribution and
how well the variation in snow distribution can be defined.

A sensitivity analysis showed that the parameters BST, DENMX, EAIR, FWCAP,
SMAX, and SRX contribute the most to prediction error. Of these parameters,
EAIR and SMAX are by far the most sensitive during the snowmelt period. The
extent to which parameter uncertainty is, on the average, propagated to
uncertainty in runoff prediction is examined., The results are displayed in
an error propagation table (table 16) that gives an error value for each
parameter at the 10-percent level., For example, a value of 150.0 would mean
that a 10~percent error in the given parameter results in an increase of 150.0
in the mean square error of prediction for the model., The units of the values
in table 16 are in cubic feet per second squared [(ft3/s)2] and need to be
compared to the mean square error of prediction (a residual variance). The
residual variance in table 16 is computed by squaring the difference between
the measured and the predicted runoff, and dividing by n-p (where n is the
number of days and p is the number of parameters).

Model Analysis

The sensitivity analysis indicates the model is most sensitive to EAIR,
which is used for computing longwave radiation. The model assumes that the
sky is clear when it computes longwave radiation, which may be one reason why
the value for EAIR is greater than that reported in most of the literature.
Another reason may be because EAIR is compensating for other energy-budget
components that are not accounted for in the model.

For a single snowmelt-runoff period as in 1979 for the West Branch
Antelope Creek watershed, the energy budget of the model was adequate.
However, for multiple snowmelt-runoff periods as in 1982 for the West Branch
Antelope Creek watershed, more energy components, such as sensible~ and
latent~heat components, are needed to adequately simulate the snowmelt.

The model computes evaporation and sublimation of the snowpack by using a
percentage of the potential evapotranspiration. The potential evapotranspira-
tion is computed using the Jensen-Haise technique, which was developed for
computing evapotranspiration for the summer months and, hence, did not take
into account evaporation and sublimation from the snowpack. Methods that can
better compute evaporation and sublimation from the snowpack usually require
daily wind-velocity and relative~humidity data. Such methods could be added
to the model system, but wind-velocity and relative~humidity data are not
available for most watersheds.

The model does not have the capability of simulating the effects of
frozen soils. The parameter IMPERV is the effective impervious area as a
proportion of the total HRU area. IMPERV was used to try to simulate frozen
soil. However, the values for IMPERV were constant throughout the simulation
period, and the method did not reflect the freezing and thawing of the soil.
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A method of varying SMAV, which in turn limits the quantity of water that can
infiltrate, was more effective. By varying SMAV, the quantity of infiltration
during snowmelt varied, reflecting a more realistic simulation of freezing and
thawing of the soil, Although this method produced better results, the values
of SMAV were estimated values and may not represent real values of SMAV,

SMAX, which put an upper limit to SMaV, was found to be very sensitive and
reflects the importance of infiltration processes. A component of the model
is needed to describe freezing and thawing soils and their relationship to
infiltration. However, little research is devoted to this topic, and few
methods of analysis are available.

The model has been calibrated reasonably well for snowmelt runoff, but
more model calibration would be useful. The model simulations did not use a
newly added option of reservoir storage. The main stems of Hay Creek and West
Branch Antelope Creek flow through numerous stock-dam type reservoirs and
section-line roads that have varying numbers and conditions of culverts,
bridges, and embankments. This type of complex water routing is common in
North Dakota and needs to be included in a calibrated model.

The model still needs to be calibrated for summertime low flows or
rainfall-runoff conditions. To adequately calibrate a model for these
conditions, more data need to be collected.

A stream-gaging station is located approximately in the middle of each
watershed. The part of each watershed upstream from the stream~gaging station
has some unique hydrologic characteristics apart from the part downstream.

By calibrating the model for the upstream part of the watershed, a better
calibrated model for the complete watershed and a better understanding of the
variation in parameter values should be obtained.

Further study is needed to see how well the calibrated model can be
transferred to other uninstrumented watersheds. One way of doing this is by
using nearby meteorological data collected by the National Weather Service as
model input for the calibrated watersheds. The results from these model
simulations then could be compared to both measured runoff and the model-
simulated runoff determined on the basis of data collected in the watershed.
Another way is by using nearby meteorological data collected by the National
Weather Service or by this study as model input for simulations of gaged
watersheds in the vicinity,

The single biggest error-producing element of the modeling system is
accurately defining the quantity and distribution of snow cover. Using gage -
catch for determining snow cover is useful only in determining the time and
relative quantity of snowfall. The parameter DSCOR is a snow correction
factor for daily precipitation at precipitation gages, DSCOR was designed to -
correct for gage-catch efficiency and variation in elevation. For the study
areas, DSCOR was used to account for the snow distribution that was determined
by snow surveys. DSCOR is quite sensitive, varying from 0.92 to 3.71 in the
simulations, a very large range if the values had to be estimated.
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SUMMARY

The study defines and analyzes the major hydrologic processes and the
factors that affect them for two watersheds--the Hay Creek watershed near
Wibaux, Mont., and the West Branch Antelope Creek watershed near Beulah,

N. Dak. Hay Creek and West Branch Antelope Creek are ephemeral streams; most
of the flow occurs during snowmelt, Of the total number of annual peaks, 2
were caused by rainfall runoff and 15 were caused by snowmelt runoff., For
most antecedent conditions, rainfall-simulation studies showed that more than
1.00 in, of rainfall in 60 minutes is needed to produce runoff.

Suspended-sediment concentrations for snowmelt runoff varied from 4 to
231 mg/L for the Hay Creek watershed and from 2 to 325 mg/L for the West
Branch Antelope Creek watershed. Very little rainfall runoff occurred;
therefore, sediment concentrations from rainfall simulations conducted near
the West Branch Antelope Creek watershed were examined. Maximum sediment
concentrations from rainfall simulations were about 2,350 mg/L.

The surface-water chemical analyses generally show that for stream-gaging
station 06336510 along Hay Creek, the dominant constituents are calcium,
bicarbonate, and sulfate. For stream~gaging station 06336515 along Hay Creek,
the dominant constituents are magnesium and sulfate. For stream-gaging
station 06340524 along West Branch Antelope Creek, the dominant constituents
are calcium, magnesium, and bicarbonate., For stream—gaging station 06340528
along West Branch Antelope Creek, the dominant constituents are calcium,
magnesium, bicarbonate, and sulfate,

The watershed model used to simulate the Hay Creek and West Branch
Antelope Creek hydrologic systems is the Precipitation-Runoff Modeling System
developed by Leavesley and others (1983), Because runoff in North Dakota is
caused mainly by snowmelt and because little rainfall runoff occurred, the
model was calibrated for only the snowmelt period. Temporal and spatial
variations of watershed climatic and hydrologic characteristics were accounted
for by partitioning the watersheds into HRU's (hydrologic=-response units).
Testing of several partitioning schemes for the West Branch Antelope Creek
watershed showed that 36 HRU's generally produced better results than 1, 9, or
18 HRU's, Partitioning of these two watersheds depended on how well the
variation in the snow distribution was defined. From sensitivity analysis,
parameters BST, DENMX, DSCOR, EAIR, FWCAP, SMAX, and SRX contribute the most
to prediction error, BST is the base temperature above which all precipita-~
tion is rain and below which all precipitation is snow. DENMX is the average
maximum snowpack density. DSCOR is the precipitation correction factor for
snow, EAIR is the emissivity of the air for longwave radiation on days
without precipitation, FWCAP is the free-water~holding capacity of the
snowpack. SMAX is the maximum available water-holding capacity of soil
profile. SRX is the maximum daily snowmelt~infiltration capacity of soil
profile at field capacity. The values for BST, DENMX, FWCAP, and SRX were
fairly constant during optimization., Therefore, the most critical values to
determine are those for DSCOR, EAIR, and SMAX.
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SUPPLEMENTAL INFORMATION

Energy budget for a snowpack

The ablation of a snowpack=-=-that is, the decrease of its snow water
equivalent--is controlled by the processes of snowmelt, evaporation, and
condensation; the flow of water within the snowpack; and the infiltration of
water into the ground. The rate of snowmelt is determined by the various
heat-transfer processes. The energy balance of a snowpack as described by
Granger and Male (1978) can be written as

Qt = Qn+Qh+Qe+Qg+Qm+Qr: (2)

where

Q¢ = the energy stored within the snowpack, in langleys;

Qn = the net all-wave radiation, in langleys;

Qh = the convective or sensible heat, in langleys;

Qe = the turbulent transfer of latent heat, in langleys;

Qg = the heat transfer by conduction from soil, in langleys;

Om = the energy associated with melt water, in langleys; and

Qr = the latent energy associated with rain, in langleys.,
The net radiation (fig. 26) consists of incoming shortwave (global) radiation
(Qig); reflective shortwave radiation due to the snowpack (Qyg); longwave
(terrestrial) radiation from the cloud cover (Qg1), atmosphere (Q,1), and
forest canopy (Qfj); and longwave radiation emitted from the snowpack (Qg1).
Net radiation can be expressed by

Qn = Qis Qrs+Qc1tQa1+Q£1-Qs1. (3)
where all variables are as previously defined.

The incoming shortwave radiation is the major daytime heat input.
Cumulative shortwave-radiation curves for the two study areas and for
Bismarck, N. Dak., are shown in figure 27, The Bismarck station is located
at a latitude of 46°46' and should receive greater shortwave radiation than
the Hay Creek station located at a latitude of 47°00', The West Branch
Antelope Creek station is located at a latitude of 47°21' and should receive
the least shortwave radiation. The cumulative shortwave-radiation curves for
the winter of 1978-79 (fig. 27) are just the opposite from that expected. The
cumulative shortwave-radiation curves for the winter of 1979-80 (fig. 27) show
little variation from November through February and good agreement for March
and April. The cumulative shortwave-radiation curves for the winter of
1980-81 (fig. 27) show good agreement for the entire winter. These curves
indicate the magnitude, variation, and error expected if shortwave radiation
is extrapolated for use in snowmelt analysis.

The shortwave radiation is most critical just before and during the melt
period., The daily incoming shortwave radiation for the three locations is
shown in figure 28, The daily shortwave radiation for each location follows
the same general trend. The shortwave radiation varies for some days but the
differences cancel out even after a short period resulting in a reasonably
good fit,
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ACCUMULATIVE SHORTWAVE RADIATION, IN LANGLEYS PER DAY
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89
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watersheds and Bismarck, N. Dak.--Continued.
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The net shortwave radiation (Qug) can be computed by the expression

1-
Qns = ( Ba) Qj_sl (4)

where

a = the albedo written as a decimal fraction,

B the thermal quality of the snowpack and is assumed to be 0.97 for

a melting snowpack, and

Qig is as previously defined. For a shallow prairie snowpack, the albedo
varies from 80 percent for fresh snow to 20 percent for melting late season
snow (Colbeck, 1980, p. 356). Using an albedo of 0.40, the net shortwave
radiation for the 1979 melt period was computed for the Hay Creek watershed
(fig. 29). The magnitudes vary from O to 0.65 Ly/min.

It

The longwave radiation from the atmosphere for clear skies (Q,1) can be
computed by the expression

4
Qa1 = OTy(atb e), (5)
where
0 = the Stephan-Boltzman constant [0.814x10~10(Ly/min)/°k~4];
T; = the absolute air temperature, in degrees Kelvin;

e = the vapor pressure of air, in millibars; and
a and b are empirical parameters. Equation 5 does not hold true for forested
canopy (Qgc1) or cloudy skies (Qfy).

The longwave radiation emitted from the snow surface (Qgj) can be
computed by the expression

Qg1 = EOTg: (6)

where
£
Tg

the emissivity;

the absolute temperature of the snow surface, in degrees Kelvin;
and

o is as previously defined.

1

|

The incoming longwave radiation and the longwave radiation emitted by the
snowpack are of the same magnitude and usually have a small net effect.
Assuming clear skies and continuous snow cover during the 1979 melt period,
the net longwave radiation would range from -0.16 to -0.3 Ly/min.

The turbulent transfer of latent heat (Q,) is the energy exchange by

evaporation, condensation, or sublimation from the air to the snow surface.
The vapor pressure gradient and wind speed are the principal parameters

92



I - I
T 1 1 I 1 = = T T
i - -
e
L. = - .4
. BESESEPRIR R
TR -
- S -, J
e T
un. J'
D — A, S
- - i
rd
s
IIIII P
3~
-~ I —
b
b~
NI NN
- 1y .
'ﬂll.nlwf...
N
B By -
.=
2
™~
= > .
e
[
r n.-.l N ]
R T
IA i 0
= -
»
- ; > |
A e
o
B -
r P -
e
IHHI 0
ned N
- -~ A
=
~T L
S S
- . 5> -
L.i\.d..a...d ———
o IREADTE et 1
SN
LI g
Wl Za
B v aarmIY L m T o —
P e’
- Py
- S et B
e
A
1 L ] 1 T 3 1 | |
~ © n < " ~ - o - ~ v «
. . . . ) N > ‘ y :
Q (-] o o o o o o O— o_ o 4
!

J1INNIA ¥3d SATFTONVT NI “XN14 A9¥3NI

28 29

27

22 23 24 25 26

13 14 15 16 17 18 18 20 21

12

MARCH

EXPLANATION

NET SHORTWAVE RADIATION

~=-—~—--- SENSIBLE OR CONVECTIVE HEAT

s-e-e-eene--e TURBULENT TRANSFER OF LATENT HEAT

Figure 29.—Energy budget for the Hay Creek watershed, March 11-29, 1979.

93



affecting this process, Latent heat can be computed by the empirical
relationship

e = 53.08(z5zp)  /Cleg-eq)V, (7)

where

Zz5 = the measuring height, in feet, of air vapor pressure;

Zp = the measuring height, in feet, of wind speed;

ey = the air vapor pressure, in millibars;

eg = the snow vapor pressure, in millibars; and

V = the wind speed, in miles per hour.
Using a snow vapor pressure of 6.11 mb, latent heat for melt period was
computed for the Hay Creek watershed (fig. 29). The magnitudes varied from
-0.20 to 0.38 Ly/min. Generally, the latent heat responds to the radiation
following a cycle of evaporation during the day and condensation at night
damping the net daily effect.

The sensible or convective heat (Qp) is the energy exchange from the
air to the snow surface. Sensible heat can be computed by the empirical
expression

on = o.ooa44(;5)(zczb)"/s(Ta-Ts)v, (8)
(o]

where

P = the air pressure at the site, in millibars;

P, = the air pressure at sea level, in millibars;

Ze = the measuring height, in feet, of air temperature;

T, = the air temperature, in degrees Fahrenheit;

Tg = the snow temperature, in degrees Fahrenheit; and
Zzp and V are as previously defined. A value of 0.93 is used for P/P, (U.S.
Army Corps of Engineers, 1956, pl. 5-5, fig. 6) and 32.0 °F normally is
used for snow-surface temperature. Sensible heat for the 1979 melt period
was computed for the Hay Creek watershed (fig. 29) using equation 8. The
magnitudes varied from -0,20 to 0,07 Ly/min.

The heat transferred to the snowpack by conduction from the soil (Qg)
generally is considered negligible. Granger (1977, p. 109-122) has measured
values in the range of 0 to 1.09x1010 Ly/d for soils in Saskatchewan, Canada.

The heat transferred to a snowpack from rain generally is small. Because
rain on snow seldom occurs in North Dakota and the effect is small, the heat
flux due to rainfall is ignored.

Values computed for the various heat fluxes for a melting snowpack
were determined by empirical equations. Although error is introduced with
empirical equations, values for various heat fluxes could not have been
determined otherwise because of the uncommon types of data needed. If each
heat flux were measured directly in the field, error would be introduced by
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transferring that data throughout a watershed. Thus, these empirical
equations are quite useful and their magnitudes are similar to those measured
by Granger (1977).

For the most part, the derivation of these equations and the measurement
of heat fluxes have been done for a continuous snowpack. Bare ground within
the snow-cover areas significantly changes the energy balance at the land
surface., Local advection from bare patches to the snow needs to be considered
and becomes increasingly important as the snow cover dwindles. Gray and
O'Neill (1974, p. 112) estimated that during a 6-day interval, 44 percent of
the energy supplied to an isolated melting snowpack was by sensible-heat
transfer, During a period of continuous snow cover, sensible heat for the
same location was 7 percent of the energy supplied, Much research is needed
for the melt of a discontinuous snowpack, which is very common during the melt
period on the prairie,

95



(eN

- - — - - - - [ pe v se 77/bu) peATOSSTp ‘unTpos
(bW se
— - - - - - - Z°v LY v /bu) paaTossTp ‘unTsaubel
(eD se
- - - - - - - o4 0ol v 1/6uw) peaTossIp ‘untoTeD
- - - - - - - 08 (0}%7% 7 (€ooed se 11/bu) sssupaeH
(N se TI/bu) paATOSSTP
- - - —_ - - - 8p"* z°1 v ‘otuebio + etuowuwe ‘uabox} TN
- - - - - - - 0 0 z (€00 se T1/bu) @3eUOqAERD
- - - - - - - z6 001 z (€oon se T/bu) sjeuoqiestd
(Coo se /bu)
- - - - - - - Z°¢c L% z POATOSSTP ‘opIXOTIp uOqIed
- - - - - - - S*L €£°8 v (satun) HA
(DoGZ 23®
Lt 00¢ 5 14 899 oL8’lL 8Ly ovvy oLl 056’1 (44 wd/sn) sduelonpuod o13Toeds
(s/¢33) wesaas
60° og* 0°2 L*s LS vi £°9 60° 99 X4 ‘snosuejue3sut ‘sbaeyosta
0°0 S°0 [ z°*s S°vi (004 z°¢ 0°0 G°sl [44 (Do) ®anjeasdusy
paysislem ee1d AeH ‘01S9£€90 UOTIEIS
S sz 0s SL S6 uoT3eTASD ueal UNWTUTH  wowTxey — soTdues JUaN3 TISUOD IO
piepuels Jo Kyaeadoad KAtTenb-aejem
ToquUINN

UMOUS ©SOU3} O3 Tenba 10 UBU3} SSo] o19M
senTea yoTym uT saTdues JO JuadISg

sOT3ST3els 2aT3dTaosaq

[x931T 2ad setanoootd ‘I/1od fa3Tun A3TpTgaAny uosyderL ‘ALl

{79317 aod sweaboaoTw ‘/brl (x93 71T xad suweabITITW ‘7I/Hbw ‘{x93swrtiuso iad

SUBWATSOIDTW ‘DGz ' wd/sh fpuodss xad 3003 2IqND ~m\muu {snTsTaD seaabap ‘D4 ]

spaysaejem oa1) 2doTejuy youead 3ISaM pue o211 ABH 22Ul I0J ejep X3TTenb-i23em jJo AXeuumns

96



(IS se

- - - - - - - 08 oLy v 1/61) peATOSSTP ‘wnT3luoIls
(OW se

- - - - - - - 0 ol 4 1/brl) peaTOsSsTIP ‘wnuspgATon
(UW se

- - - —_ — - - oz oL v 1/6r) paaTossTp ‘eossurbuen
(®a

- - — - - - - 09 06 v se 7/brl) paaTossTp ‘uoxl
(g

- - —_ —_ - - - 0% 092 14 se r1/bn) pesATosSsSIp ‘uoxog
(%ots

- - - - - - - 0°L €L i4 se /bu) paATOSSTP ‘EDITTIS
(d se

. - - - - - - L L 14 T/bu) peaTossIp ‘eprionTd
(Yos

- - - - - - - oL 09¢ v se 1/bu) psaTossIp ‘83eIIng
(1O se

- - - - - - - Vel LT i4 1/bw) POATOSSTP ‘®PTAOTYD
(X se

—_ —_ —_ —_ - - - 8°8 1L 72 1/bu) pOATOSSTIP ‘unissejod

—_— - - - - - - 1 vl v unTposS jusDISg

- - - —_ - - - 0°0 L°0 v o13ex uoTidiospe-unTpos

penuTiu0) ‘paysisliem ¥ooad A®H ‘Q159££90 UOT3IE3S
[ Gz 0% GL c6 uoT3eTA®D uespy UNWTUT wunuITXeR saTdues JuUSN3 T3 SUOD IO
paepue3ls Jo Kaaedoad A31Tenb-isjepm
JoqunN

umoys @S0y} 03 Tenbe 10 URY] SSOT oiAoM
senTes YoTym ur sordues JO 3jusdiad

SOT3IST3IE3S 2ATAdTaOSBQ

poNUIlUOD~~Spaysaajem oo1) 2doTa3UY youead 3SoM pue 2a1) ApH oyl i0J ejep A3TTenb-aejem jo Axeumnsg

97



. - - - - - v oLz v
- - - - - - SL oLl v
. . - - - - viL 16° v
. - - - - - 9L° €e* 4
- - - - - - sol LL9 v
—_— — - - - - o¢ 09 [4

PoNUTIUCD 'poUSIoIEM 091D KCH ‘(|G9££90 UOTIEIS

(€ooeD se
I/bw) sssupiey 93eUOGAROUON

(€ooed se
7/bu) Kxojezoqer ‘AITUTTETVY

(3003-sa0®
J9d suUO}) SPTIOS POATOSSTA

(Kep
aad suol) SpPTITOS POATOSSTA

(1/bu) sausnlitisuoo
Jo ums ‘SpPTTOS POATOSSTA

(1Y se
1/61) psafosstp ‘unutuniy

S T4 0S SL S6 UOTIRTASD uesy WOWTUT ~ wowtxeW — saTdues
pIepueis Jo
TaquInN
UMOUS 9SOU3} O3 Teubs IO ueyj SSO] oI1oM s0T1ST3e3Ss 29AT3d1I0SaQ

sonTeA UYOoTym Ut satdues jo 3JuUddIDg

JUSN3TISUOD IO
Kyzedoad Kytrenb-asjepm

PeNUTIUOD--SPaYSISTLM }o9I1) ©dO[e3UY youeld 3SoM pue eo1D AeH U3l 10J ejep AX3tienb-isjem JO Axeuumns

98



St 8l (44 ve sz € 1z Sl (<14 €1l unTpos 3ud0Idg

9° 8° vl T°C S°2 L Sl 9° sz €1 oT3ex uoTidiospe untpog
(eN

61 4 9L 081 002 L S6 61 002 €l se /bw) paaTossTp ‘unTposg
(bW s®e

92 8¢ 69 08t ove 08 oLt 9z ove €1 T/bu) paaTossTp ‘untsouben
(eD se

47 vS 6L oLl 0€T 19 oLt vy o€e €1l 1/bu) paaTossTp ‘untored

02z 00¢€ 00S oozt 0091 08v 00L 02z 009’1 €1l (€o0eD se 1/bu) sseupaen
(N se "1/bu) poaTOSSTpP

(WA 06* [} 2} 9°1 L€” Tl e 9°1 6 ‘otuebio + eTuouuwE ‘u9bOAITN

- - - - - - - 0 0 € (€00 se T/bu) o3eUOqIRD

_ - - - - —_— - 0zlL 0S1 € (€ooH se 1/bu) o3euoqaEOTH
(%oo se T1/6u)

- - - - . - —-— 9°¢ zZ1L € PoATOSSTP ‘®pTXOTp uUoqIed

€9 €°L S*L 0°8 v°8 9° S*L £€°9 v°8 € (satun) Hd
(D052 3®

5} 45 616 009‘1 oLe‘e ov8‘z ¥8L 0€9’1L 081 0s0’¢e Z8 wo/sr) edouejzonpuoo oT3FToods
Am\m»uv weaals

10°* vo°* 8y " v'e €2 ol €Y 00°* 9L r4:] ‘snosuejuejsut ‘ebieydsta

0°0 S°0 0°'z o°olL 8°Lz 1L 0°9 0°0 0°s2 18 (Do) @anjeasdusy

paysiejem o910 AeH ‘GLS9££90 UOTIEIS
S [t 0S SL S6 uoT3eTASD uean wnwTu T wnw TXeR soTdues 3uUdN3 TISUOD A0
paepuels Jo Kaaedoad K3tTenb-i1o3eM
Jaquny

UMOUS ©SO0y3 03 T[enba 10 UBYU3 SSo] odoM
sanfeA UYOTuM uT soTdues JO U014

S0T3sT3e3ls @2AT3d1aosaQ

pPONUTIUOCD--SPOYSIoleM 3o01) odoTe3uy youead

JISoM pue 2910 ArH U3 103J eiep Ajrrenb-iojem Jo Aieuwng

99



(TY se

- - - - - - - ol ol z T/6r) poATOSSTP ‘wnuTumiy
(Is se

0ze 0zZ¢g 009 (ol A} ooL’l ovs 06L (0} 44 ooL’L €l 1/6r) poATOSSTP ‘wntijuoils
(oW se

0 0 l ol oL S v 0 ot £l 1/61) poaTossIp ‘unuspqAToW
(UW se

oy 6L oSt 0¢€¢ oLE 001l oLl ov oLe zl 1/61) poaTossTp ‘osduebuen
(o4

09 001l 091l OlE (63472 ozt 00¢ 09 (01474 €l se /6n) poaTossTp ‘uoal
(g

091 oLl 0s€ 08Ss 088 0€z 08¢ 091 088 £l se /b1y pasossip ‘uoiod
(Cots

z°L ¥°9 9°L 2°6 zL 9°¢ L*L zt zL £l se T/bw) poATOoSSTP ‘eDTITTS
(4 se

L L L z* S L z° [ G* €l T/bu) poatosstp ‘eptriontd
(Yos

ov L o€ 0S¥ 002’1 009‘1 ovs 089 oL 0091 €l se T/bu) psafossip ‘ojezrus
(10 s®

8°¢ 0°'9 z°6 L o€ 8°L zL 8¢ (o] £l 1/bu) poOATOSSTP ‘OPTIOTUD
(M se

L°L $°6 oL 4! Sl Sz 1L L*L Sl €1l 1/bw) poaTossTp ‘untssejod

panutjuo) ‘paysaelem doe1) AeH ‘G |G9££90 UOT3E3S
[ (44 0% GL G6 uotjeTASp uesy idllignigey wnwTX e saT1dues 3uaN3 TISUOO 10
paepuels Jo K3aodoad A3tTenb-aozem
JsqunN

UMOUS ©S0U3 O3 Tenbs 10 URY3 SSO] OIoM
sonTeA yoTym ut soTdues Jo JuadAad

s0T3sTIeds oaT3dTaosaq

ponUTIUOD~-~SPOYSIDojeM }oo1) odoTd93UY youeldd 1SOM pue 991D ARH oU3 JoJ ejep X3rlenb-isjem Jo Xaeuuns

100



ozt 081 0ze 006 00zl 06¢€

98 0zl 081 00¢ (0]47 oLt
A 19° AR 89°¢ ov°c 60°1L
v0°* 8z* 60°1 S°0lL v°ze 61°L

ZLe 5344 sz8 oLe'lL 00s'2 S08

06% 0zl 00zZ‘1 €l
oLz 98 (0] 47 €1
96°1 4N ob ¢ €L
96°g v0°* veze €L
oSt 41 005z €l
- ol 0z v

penUT3IUOD 'poysiolem ¥oo1) ABH ’G|G9££90 UOTIEAS

(¢ooeDd se
1/bu) ssaupIRY 93 BUOGILOUON

(€ooed se
1/bw) Azozezoqel ‘AITUTTEYTY

(3003-2108®
1ad suol) SPITOS PIATOSSTA

(£ep
aad suol) SPITOS PLATOSSTA

(1/bw) s3jusn3yT3suod
Jo uns ‘sSpITOS pPaATOSSTIQ

(T1 se
1/61) peatossTp ‘wnty3iTl

S 14 0s GL G6 UOT3IRTASD
paepuels

ueay WNWTUTW  WNWIXEeR saTduwes
J0
aaqunyN

UMOUS 9SOU3l 03 Tenbs I0 UeRY] SSOT oI9M
senTeA UyoTuym uT sardues JO 3jusdiad

SOT31ST3elS SAT3IdTIAOS3Q

3U8N3T3ISUOD A0
Kyaedoad KA3tTenb-iejepm

pPenUTI3UO)~~Spaysiajem ea21) =2doTa3luy youeld

3SeM pue ¥e3i1D AeH °ay3l 103 eiep AjTTenb-isjem Jo Aizeuumng

101



(N se /bu) PaATOSSTP

- - - . -~ - - og* o’ 1 ‘o3e11TU 4+ 93TIATU ‘usboIITN
(N se T1/bu) poOATOSSTIP
oL* €6° 86" o4 z°¢ S6° 9°1 oL® z°¢€ L ‘otueb1o + etuouwe ‘usboIITN
(N se 7/bu)
- _— - - -— - - 90° 90° L poATOSSTp ‘eTucume ‘usboIlTN
(N se T1/bu)
— - - - - J— - 18° 18° l paATOsSsSTp ‘oTuebiro ‘usboxl TN
_— - — _ - - - 0 0 € (0D se 1T1/buw) sjeuOcqARs
_— - - - - - - zv zL € (€o0m se 11/6u) s3euoqaedTd
(oD se T1/bu)
- _— - _— - -— - z'v 9l € POATOSSTP ‘OpPTXOTP uoqIe)
9°9 L*9 1oL €L 6°L Ve 1oL 9°9 6°L 8 (s3tun) nd
(DoST 3®
08 ozt Ste 09¢ veEL 002 LLz SL 006 (%7 wo/sr) 8duelonpuocs o13Toods
- - - —_— - - - 0SS 0SS i ($3TUN 3TROD-WNUTIRTL) IOTOD
- - - - - -- - S9 061 z (nir) Aatpraang
Am\muuv wesil} s
10* LLe 9°1 £°9 oL 61 0°6 to- 6L 34 ‘snosuejueisut ‘sbieydsTa
0°0 91 8 ool 9Ll S°S L*9 0°0 o*Le 1244 (Do) dxmyeaadusy
paysiolem 39a1D0 odoTa3UY Yoduead 3ISOM ‘$ZSOPE90 UOTIRIS
S ¥4 0s SL S6 uoT3eTADpD uean WOWTUTH — wnuIXey soTdues JUSNJ TISUCD IO
paepueis J0 Kyaodoad AjtTenb-ionem
JaqunN

UMOUS 9SOU3 03 Tenbe 10 uey3y Ssa] oIom
sonTeA UYoTym ut soaT1dwes JO Juedidd

SOT3ST3e31S 9AT3d1I0S9d

ponUT3UOD~--SPpaysIajem 991D odoTo3uy youeid

3SoM pue 991D AeH ay3 I0J ejep A3trenb-isjem Jo Axewuns

102



(s¥

- . - - - - - € € 1 se r/brl) peaTossTp ‘oTuasSayY
(%ots

6°¢ 9°g z°'8 1L zL 82 1°8 6°¢c zl 8 se 1/bu) paATOSSTp ‘BOITTS
(d se

0°* e N 1° e 0°* L 0° e 8 1/bu) paaTosstp ‘sptaontd
(Yos

8°v L*S vt S¢ 0s Ll (014 8°v (o] 8 se T/buw) psaTossTIp ‘s3eIINS
(IO se

€1 9°1 vee €l Ll G°9 1°9 €°1 Ll 8 T/bw) paaTosSSTP ‘8pPTIOTUD
(M1 se

6% 8°9 oL €1 Gl G*'c oL 6°v Gl 8 1/bu) poATOSSTP ‘wnTsSse3lod

€ 9 8 8 6 z L € 6 8 untTpos 3usdiad

L L z* z* z* 0 z* L z* 8 ot3ex uotidiospe wnIpos
(ed se

9°g VoL €l t44 44 1L vl 9°g ¥e 8 1/bw) paaTossTp ‘untored

vz €€ 65 66 0zZ1 S€ S9 vz 0zl 8 (Y000 se q/bu) ssoupaeH
(0 se r1/bu)

- - - - - - - 1z k4 1 paATossTp ‘oTturbao ‘uoqied
(d se

- - - - - - - 09°0 09°0 1 1/bu) psaTossTp ‘snoxaouydsoyd

PoNUT3UOD ‘poaysiojem o910 odOT93UY UouUeld 3SoM 'pZG0vE90 UOTIEAS

[ [+4 0S GL G6 uoTIeTASP ueap WNWIUTH WnNUTXeR so1dues JUsBN3 TISUOD IO
paepuels Jo Kyaxadoad KjtTenb-ia3em
Iaquny
umMoys asoy3y 03 Tenba JO ueyl SSaT 213M soT3sTIels aaTidTaosaq

senTea UYOTUM UT soar1dwes JO 3uad1ad

PaNUTIUOD=-=-SPaYUSISIeM ¥3a31) adoTa3juy youead 3ISaM pue 3aa1D AeH ay3z I03 eiep AX3trenb-aejem Jo Axeuuns

103



0

0

L ot ozZ

L oLl ovlL

S 09 001

[¢}}

o€

oLz

oSt

ol

09

ooy

061

Ll

001

0s

144

o8l

oot

ol

oLt

L

0s

0

03]

09

ooy

Ll

o6l

0

penuTluo)y ‘peysieiem xeal1) odoTo3UY youeid 3SoM 'pZSOPE90 UOTIRAS

(IN
se T/bri) peATossSIp ‘TO3OIN

(OW s®e
71/bri) peatossTp ‘unuapqilow

(U se
1/6ri) poATossTp ‘esourvbury

(ad se 11/br) paafossip ‘peet

(X
se 7/6r) peafossTp ‘uoiar

(0D
se 11/brl) paafossip ‘aaddon

(00
se r1/brl) paAafossIp ‘3TeqOD

(1D se
1/6r) paatossIp ‘uniworyd

(P2
se r1/6M) paafossTp ‘unTwped

(g
se /brl) peaTossIp ‘uoxog

(ed se
1/6n) peaatossTp ‘untriiisd

(ed
se r1/brl) psafossTp ‘untaeg

14 0s

SL

S6

uoTieTASP
paepueis

uean

WOWTUTR

WNUTXeR

UMOUS 250U3 O3 [enbs 10 URU} SSo1 oJoM

senTes yoTym ut satdwes Jo juadiad

SO0T13513e3S eAT3dIa0sed

3uan3 T3SUO0d 10
Kyasdoad KAjirenb-asjem

pPenUTIUO)D~~Spaysiolem yooi1) odoTeo3UY youedd 3SoM pue 32210 AeH U3 J103J eiep A3ifenb-isjem Jo Aiewuns

104



(bH
_ - - - - - - 0° 0° L se r1/brl) peoatossTp ‘AandoasK

(Yun se 71/6u)
- _— _— - -_— — J— 80° 80° L PoATOSSTP ‘eTucuwe ‘usborl TN

(1003=-310%

S0°* 8L* viLe te* ze* 90° vLe s0* ze* 8 aad suo3) sSpITOS PaATOSSTA
(Xep
60" 8e* s8* 99°1 v8°l 69° 86° 60° v8°lL S 1od suol) SPITOS pPoOATOSSIA

(1/6w) S3USN3TISUOD

143 09 colL 9%l 091 14 66 Ve 091 8 Jo ums ‘sSpTTOs P3ATOSSIA
(1/Bu) D.08L 3®

_— _— - — - - - velL el L oNpIsSaI ‘SpTIOS DPOATOSSTIA
(98 se

- _ -— — - - - L L L 1/b) poafossTp ‘wnTusiasg
(11 se

- - - - - - -- 0 oL z 1/6n) poAtossTp ‘wnTylIl
(TV se

- - - - - - - ov 002 € 1/Brl) peaTossTp ‘unutuniy

- - - - - - - oL ot L (uz se r/brl) psalossTp ‘Outgz
(p se

- - _— - — - - 0°¢c 0°¢€ L /by paATossTp ‘unipeuep
(xs se

0z o¥ 08 06 06 0€ oL (014 06 8 1/61) peafossTp ‘wnijuollg

penuTiuo) ’'poysiojem YooiD odoTo3uy Uoueid 3S5oM 'HZSOvE90 UOTIEIS

[ (Y4 0% Gl G6 uoT3IeTASD uesy WNWTUTK UnNUTX ey sa1dues 3USN3 T3 SUO0D I0
paepuels jo K3zsdoad K3iTenb-iozem
IaqunN
UMOUS 9SOU3} 03 [enbod I0 ueyl SSO 9IoM s0T3ST3e3S 9AT3IdTIOSAQ

sanTeA UYoTym ut safdues Jo usadIdd

pPonUTIUOD~-~SPOYSIo1eM 3001) odo[o3Uy youeldd 31SoM pue Xoo1D) ARH oU3 I03J eiep Ajr[enb-io3em Jo Axewums

105



- - - -- -- -- - L'6 L6 L
0 s oL st 1S L1 9l 0 1s 8
9L s€ 67 89 18 1z 0S 9t 18 8

poNUTRUOD ‘poysiolem yeei) od0T1o3UV youead 31SoM ‘$ZS0pE90 UOTIeas

(gp¥ se 1/109)
POATOSSTP ‘Qp wunissejod

Hmoomo se
71/bu) ssaupiey 23°UOGILOUON

(€ooeD se
1/bu) Axozezoqel ‘AITUTTeNTY

[ (44 0s Sl S6 UOTIETADD ues| WNUTUTH ~— WNWTXeR saTdues
paepuess 3o
ToqunN
umMoys osoyj O3 [enbe 10 uery3l SSOT oJoM SDT3ST3els oAaT3draosad

senTea yoTym ut saTdwes Jo ju201dd

JUSdN3 TISUOD IO
fiaedoad K3t1enb-aojepm

poNUIIUOD--Spaysiaiem oai) odOTo93UVY youelid ISOM pue 291D AeH oYz 103 eiep A3rtTenb-aejem Jo Axeuuns

106



(N se 1/Bu) paaTossTp

. - - - - - - 1z [ l ‘e3eI3TU + 93TIITU ‘ULbOIITIN
(N se 71/bu) pPaATOSSTP
L vs* 86° [ zL 0°v €°C (872 4" 8 ‘oTuebI0 + eTUOWWE ‘UBBOAFITN
(N se 1/bu)
— - _— - - - - Lo° L0* L poATOSSTp ‘eTucwuwe ‘usbor3lIN
(N se T1/bu)
. . - — - - - ov* op* l PaATOSSTp ‘otuebio ‘usboilIN
- - - - - - - 0 0 € (€00 se 1/bu) @3zeUOqIRD
- - - - - - - VL oSt € (SooH se 7T1/Bu) ejeuoqaeoTd
(20D se T1/Buw)
—_— - —_— —_— —_— —_ . z°s 76 € POATOSSTIp ‘opIXOTIP uoqIed
0°L [ VL L°L L°8 € S*L 0°L L°8 (41 (s3Tun) HA
(DoST 3®
68 sgl Sie S8L 00€’l 9LE L9V S9 oov’lL 8S uo/sn) souejonpuod DT13Toadg
- — - - - - - oL oL l (s3Tun 3TEqOO-WRUTIRT) IOTOD
- - - - - -— - S8 S8 z (ALr) X3TPIqINng
(s/¢33) weaays
zo* (34 Lz L S8 Lz zl Lo* ovlt 8§ ‘snosuejuelsut ‘abaeyssiq
0°0 0°l 0z z°'6 s*oz 8°9 9°'s 0°0 o°tz L (Do) @anjexaduwal
paysIajem yaal) odoTojuy youeld ISOM ‘8zSO0PE90 UOTIRIS
S sz 0S S/ 6 UoTIEeTADD uesay WOWTUTH — WNWTXER saTdues 3U8NITISUOD IO
pIepueis Jo Kyzadoad A31tenb-i1o3eM
TaqunN

UMOUS @SOY3 O3 [enba IO uerYU3 SSOT oiaM
sanTeAa UDTym ut sarduwes JO 3JuadIag

SOT3ST3e3S oal3xdIxosed

pPONUT3UOD~~SpayUsIolem yeel) edolejuy youedd

31seM pue aa1D AeH ayjl I03J ejep A3TTenb-iejem jo Axeuung

107



(4 se

0° L* L z° € [ I 0° € ot 1/bw) paaTossTp ‘spraontd
(Yos

0°9 8z bs 0zz 005 09l ovi 0°9 00§ oL se /bu) peaaTossip ‘83eiInsg
(1O se

0°L 0°2 €°¢ vy 9°g sl €€ 0°1 9°s oL 1/bu) paaTossip ‘epPTIOTUD
(X se

Z°s z°9 L*L £°6 €l vz 6°L Z°s €L ol 7/bw) poATOSSTP ‘untsse3od

zlL €l 6l 82 47 oL Tz zl 1474 oL unTpos Juedadd

z* € G* €1 vz L 8° z* vz ol or3ex uoridiospe unipos
(eN

9°Z €°g Lt 8y ozt 8¢ o€ 9°C ozl oL se 71/bw) peafossTp ‘unIpos
(bu se

6°C 5°9 v°6 o€ 0s 91 8l 6°C 0s oL 7/bu) peaTossIp ‘umtssuben
(ed se

6°L €1 1z 9s o€t 8¢ 6€ 6°L ot ot 7/bu) peaTosstp ‘unrtoTed

43 65 z6 092 0€S 091 oLt z¢€ 0€s oL (00D se T1/buw) SSSUPIARH
(O se 1/bu)

- - - - - - - S°6 G°6 i paaTossIp ‘orTuebio ‘uoqaed
(d se

- —_ - - . - - 01°0 0lL°0 ! 1/bu)y paatosstp ‘snoaoydsoyd

penuUI3UOD) 'poysielem YesiD edoieiuy YoUeld 315oM '8ZS0VE90 UOTIE3s

S 14 0s Gl G6 UuoI3eIASD uesay WNWIUTW  WNWIXeR saTdwes 3usN3 T3SUOD IO
paepuels Jo Kyaadoad K3T1Tenb-iojem
JaqunN
UMOUS @SOYy3 03 Tenba 10 ubyl SSOT o219m soT3sTaeds aAaTadraoseq

senTeA UYoTym ut sardues Jo 3juaDiIad

panuIT3luc)=--~Spaysialem aai1d adoTo3uy youelid ISOM pue M}oaad AeH oyl I0J eiep AjrTenb-iejem Jo Axewuns

108



0

0

0

4 9¢

4 09

3 ov

534

09

8°L

0s

06

oge

[4 08¢

i o6t

L

Lz

oel

09

LT

6V

091

08

0°s

(014

oc

ol

oL

oL

001

€°¢

ozl

08¢

ol

061

ot

oot

i

ol

ol

ot

(o3 1

penuTtiucD ‘paysisirem 991D odoTOUY youeid 3ISOM ‘8ZS0PE9Q0 UOTIERIS

(UW se
/b)) paafossIp ‘assuvbuel

(ad se 11/bi) paatossIp ‘peort

(34
se /brl) paajossTp ‘uocar

(s
se /b1y peafossip ‘azaddop

(o2
se /brl) peaTossIp ‘3Teqod

(3D se
/61y paafosstp ‘uniwoayd

(P2
se T/brl) paaTossIp ‘wntwped

(g
se 7/br) paafossIip ‘uoiod

(°g se
/by paatosstp ‘untiiiisg

(ed
se 1/b1i) paafossTp ‘untieg

(s¥
se 1/bil) paafossip ‘oruUssay

(%oTs
se /bu) paafossIp ‘edTTTIS

114

0s

SL

S6

uoT3eIASD
paepuels

uesy

WNWTUTH

W TXeR

satdues

Jo

Jaquny

umoys osoyl 03 [enbs JIo0 uryl SSOT 9IOM
sanTea YoTym ut sofdures Jo 3usdiIad

S0T3ST303S oAT3d 110590

3UsN3 T3SUOD IO
Ayasdoad A3trenb-isojem

PONUTIUOD--SPOUSISIBM 001D 9d0[93U¥Y youead

1S9M pue 991D AeH 9yl IoJ eaep AjTienb-isjem jo Axeuwumng

109



(3003-210%

Lo* viLe oz* v9° €E"L ov* 4 Lo* €ETL ot 1ad suol) spTIIOS PIATOSSIA
(&ep

€0° vee s9°¢ 8LV viL°8 88°C Z8°¢ €0° oL°s L 1ad suol) SpPITOS PoATOSSIA
(T/bw) s3jusnNyTISUOD

8¥ €0t st [4°14 186 L62 L0¢€ 8¥ 186 oL Jo ums ‘SpITOS PaATOSSTA
(1/Bu) 2,081 3E

- - - - - - - 9Z9 929 L anNpTIsax ‘SPTIOS PaATOSSTA
(oS s®

- - - - - - - 0 0 L 1/b) paatossTp ‘untuetes
(T1 se

- - —_— . - - - %4 o€ € 1/61l) peaafossTIp ‘untyl Il
AHQ se

—_ - - _— - - -— 0 0z € 1/bn) peaTossTp ‘unurtuniy

- - - - - —_— - 0 0 L (uz se 71/brl) paATOoSSTIpP ‘OUIlZ
(A s®e

- - - - - - - v e L 1/brl) poaTossTp ‘unTpeurA
(18 se

LE 89 081 ozy 00z‘tL 0s€ oLe ov oozt oL T/6M) peATossTP ‘wnTiuoAIS
(IN

- - - - - - - z z L se T/brl) poafossIp ‘To¥OIN
(OW s®e

l L ‘9 ot oL S 9 L ot oL T/61) paaTossTp ‘wnuapqATon

ponuT3luU0) ‘poysiolem 3ooi) odo1o3UY youeldd 3SoM ‘8zZG0PE90 UOTIeIS

[ [+14 0S SL S6 uoT3IETASID ueay WNWTUTW WO TX B saTduwes UIN3 TISUOD IO
paepuels Jjo Kyaedoad Aj3t1Tenb-iejem
JaqunN
umoys asoylz 03 Tenbs I0 UBY3 SSIT 2I9M s013ST3elSs aaT3d1Iaonsa(g

sonTea USTyUM ut sofdues Jo usdadd

PANUTI3UOD~-~-SPoYsSIojem 30910 9dOTd93UY youead 3SSM pue o910 ApH 9yl 103 eiep A31Tenb-isjem jo Axeuuns

110



l 8l 8¢ ogl oLz €6

9¢ (44 929 ozl 09¢ oL

- c°8 Z°8 4
8L l oLz ot
143 9T 09¢ ol
- 0° 0 3
- 10°0 L0*0 3

poNUTIUC) 'poysiejem 991D odolojuy Udueld 315oM '8¢S0VEQD UOTIIEAS

(opd s® 1/10d)
PoATOSSTP ‘Qf wntsselod

(€00eD se
7/bw) ssaupaey 93eUOQIROUON

(€0oed se
1/bu) Kzozeioqel ‘A3TUTTeTY

(BH
se /by psaTossTp ‘Aindoasp

(VEN se 1/Bu)
paAaTossTp ‘etucuwe ‘usboil IN

s 14 0s SL 6 uoT3IRTASD
piepueis

uesy WNWTUTH UNWIXeW soTdues

3o
Jaquny

UMOUS 9SOy3 O3 Tenba 10 ueyl SSOT o19M
sonTeA yYoTym uT saTdues Jo 3uUsdIdg

soT3SsTIPlS @2aT3dTansaq

3UaN3 T3SUOD A0
Kyasdoad K3tTenb-i1o3eM

PONUTIIUOD-~SPoYSIoleM Y9910 odoleo3zuy youeld

1SOM pue 991D AeH oyl 103 e3ep A3TTenb-is3em jo Aieuung

111



