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GLACIER LAKES HYDROLOGIC BALANCE

Introduction

The Rocky Mountain Forest and Range Experiment Station (RMS) is responsible
for baseline monitoring of the inputs and outputs from the Glacier Lakes watershed
located in the Snowy Range Mountains of southeastern Wyoming as a part of their
Glacier Lakes Ecosystem Experiment Site (GLEES). The University of Wyoming and
the Wyoming Water Research Center (WWRC), at the University of Wyoming, operate
the Snowy Range Observatory in the Medicine Bow National Forest. The Snowy Range
Observatory operates meteorological and streamgaging sites at several points within the
Observatory, including the area in and around the Glacier Lakes watershed. The
monitoring of hydrologic information which allows for a water budget analysis of the
Glacier lakes watershed could best be accomplished with a cooperative arrangement
between hydrologic expertise at the WWRC and personnel at the RMS.

The work performed under this contract for the RMS by the WWRC to help

describe the water balance in the Glacier Lakes watershed has the following defined

tasks:
1. Installation of Parshall flumes and associated monitoring equipment for the
East Glacier Lake outlet and on Meadow and Cascade Creeks near their
inlets to West Glacier Lake.
2. Estimation of an approximate hydrologic balance of inputs and outputs

from the watershed areas of East Glacier and West Glacier Lake

watersheds.



3. Estimation of the approximate errors associated with the hydrologic
balance determined for East Glacier and West Glacier Lake watersheds.

4, Definition of a plan by which the hydrologic balance of each gaged
watershed can be determined with some precision which minimizes the
errors associated with the estimation.

5. Measurement of the depth of unconsolidated material at several locations
throughout the GLEES study site within the East Glacier and West Glacier
Lake watersheds.

A discussion of each of the tasks follows with associated data and any analysis

that was needed to complete the task.

Task 1. Installation of Parshall Flumes

Three Parshall flumes were installed within the Glacier Lakes watershed at
mutually agreed upon locations in consultation with the RMS during the summer of
1987. Each Parshall flume was prefabricated fiberglass construction fitted with a hypolon
liner to bring as much groundwater flow as possible to the surface so that it could be
measured by passing the water through the flume. The liner was buried as deep as was
practical in front of the flume and to the sides of the flume for as reasonable a distance
as was possible to intercept groundwater moving through the area. Some difficulty was
encountered in burying the liner because of large boulders which could not be removed
without substantial disturbance at all three locations.

East Glacier Lake outlet was fitted with a 12-inch Parshall flume and associated
stilling well, monitoring equipment and shelter. The recording equipment used was an

F-1 Type recorder with a weekly chart.



Meadow Creek and Cascade Creek inlets to West Glacier Lake were both fitted
with 9-inch Parshall flumes and associated stilling wells, F-1 recorders and shelters.

Plexiglass 90° V-notch weirs were fabricated to fit into the Parshall flumes for low
flow measurements during the fall season. It was felt by the WWRC investigators that
the accuracy gained in measuring flow using the V-notches was an unnecessary burden
on field technicians because it was questionable if additional accuracy was gained
because of substantial fluctuations in flow during the day and ice conditions occurring at

night during the fall period.

Task 2. Preliminary Water Balance

Based on meteorological, precipitation and flow measurement data collected on
the GLEES site, an approximate water balance for East Glacier and West Glacier Lake
watersheds was developed. The water balance, and an estimation of the measurement
errors associated with the development of the water balance for each watershed, is
discussed below.

These two watersheds posed a unique problem in the development of a water
balance because of the fact that more water flows out of each watershed than is
indicated from the precipitation gage measurements. This is believed to be a result of
the large semi-permanent (semi-glacial) snowfield that exists near the upper end (highest
elevation areas near the watershed divide) of the two watersheds. These high elevation
and steep relief areas collect blowing and drifting snow from adjacent watersheds
because they are on the leeward side of the adjacent watersheds. This will be discussed

in more detail later in this and following sections of this report.



A topographic map of the surface hydrologic boundaries of East Glacier and West
Glacier Lake watersheds were prepared from a 1:12,000 scale map provided by the RMS
and was field verified for each watershed and the sub-watersheds of West Glacier Lake
watershed for Cascade and Meadow Creeks during the Spring and Summer of 1988. The
original and all copies were turned over to the RMS during 1988. As a result, estimates
of surface area hydrologic boundaries for East Glacier and West Glacier Lake
watersheds used in the water balance studies were performed as indicated below.

Two topographic maps of the Glacier Lakes study area are available at 1:24,000
(USGS map) and at 1:12,000 (Snowy Range Observatory-Nash Fork Creek map). The
Nash Fork Creek map was preferred due to the greater detail it offers. However, this
map is only a photo enlargement of the USGS map and its accuracy was suspect due to
the distortions that can occur during the enlargement process. The East Glacier Lake
watershed area was selected, for purposes of compaﬁsom to determine the extent of any
distortions that may have occurred. A K & E Vernier planimeter was used to measure
the areas. From each map, five measurements were taken and the high and low values
discarded. The mean of the remaining three values was calculated and used as the true
value. The results of this comparison iﬁdicate that the Nash Fork Creek map is suitable
for use and that the enlargement process resulted in an overestimation of only approxi-
mately one percent. The calculations are shown in Appendix A, Sections 1 to 3.

The isohyetal method was used to determine the average precipitation over the
East and West Glacier Lake watersheds for the 1988 and 1989 water years. Four
precipitation stations were used as control points. These four stations are Brooklyn Lake

(0115A-35), Brooklyn Lake (0115-2), Lost Lake (0126) and Glacier Lake (0125) shown



on maps in Appendix A, Section 7. The monthly precipitation data for these stations
were compiled from the WWRC Water Resources Data System database. This database
extended through June of 1988 and supplemental data were compiled from the weekly
strip charts of each station. Although lapses occur in the strip chart data, these
omissions are unlikely to have a significant impact on the precipitation totals. The
results of the isohyetal analysis are as indicated in Appendix A, Section 7. Preliminary
calculations are shown in Appendix A, Sections 4-6.

Three major streams exist in the Glacier Lakes area; Cascade, Meadow, and West
Glacier Lake outlet. All three streams occur within the boundaries of the West Glacier
Lake watershed area and all three are gaged with Parshall flumes. Cascade and
Meadow Creeks discharge into West Glacier Lake and, as suggested by its name, West
Glacier Lake outlet flows out of the lake. The East Glacier Lake watershed does not
containAany intermittent or perennial streams. Small ephemeral streams exist in the area
within the watershed surrounding the lake.

The total annual flows for the Cascade, Meadow, and West Glacier Lake outlet
were calculated for the 1988 water year. The record for this year extends from May 24
to September 30, with several daily records missing, as noted in Appendix A, Section 8.
In addition, it is assumed that although flow probably occurs from October through
April, these volumes are insignificant. Furthermore, records are not available for this
time period. The records for the 1989 water year were so incomplete that compilation of
total flow volumes for the year are virtually impossible.

‘A regression analysis was performed (Appendix A, Section 9) on Meadow and

Cascade Creeks for the 1988 water year in an effort to derive missing streamflow data



for Cascade Creek during that year. The Minitab statistical software package was used

to perform the analysis.

A review of the database and regression analysis suggest the following:

A.

The high flows in Cascade Creek, as reflected by the mean monthly flows,
are lagged relative to the high flows in Meadow Creek.
The direct correlation between the two streams for the period of record

available is generally poor, with the exception of the month of July.

The following factors may be responsible for these observations:

A.

Lag of high flows

The geographic and topographic features of the two catchments are
essentially the same. In addition, the 1988 isohyetal map suggests that
precipitation over the two catchments is essentially the same. Further-
more, types, distribution, and density of vegetation are assumed to be
approximately the same. These factors, therefore, cannot influence the lag
observed. It is suggested that variations in net solar radiation inpﬁt
between the two areas may be responsible. The topographic map indicates
that this area scribes a 1/4 circle as indicated in the figure below. The
differences in slope aspect may be sufficient to cause the observed lag in
flows because the Meadow Creek watershed would receive more direct
solar radiation input for a longer duration of time during the late spring
and summer months. The result would be that the snowpack in the

Meadow Creek watershed would begin to melt earlier and at a faster rate



than the snowpack in the Cascade Creek watershed and be expressed as

larger early season flows as observed.
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The above hypothesis is based on limited information. To deter-
mine the validity of this hypothesis, the necessary equipment to determine
the solar radiation influx would have to be installed. The data provided by
this instrumentation would allow for the calculation of potential rates of
melting.

In addition, the potentially significant effects of a large ice field in
this area have been ignored. It has been assumed, for purposes of the
above argument, that this ice field covers both watersheds uniformly (which
it does not) and can therefore be considered a constant (i.e., affecting the
watersheds in a manner similar to uniform PPT). Cascade Creek also has
much steeper relief than Meadow Creek which may also be a cause for the
differences.

Correlation of Streamflows
As indicated, the data show poor correlation, with the exception of

the month of July. Although this poor correlation may be due to random



events, it is proposed that what may actually be occurring is a transition
between two states of equilibrium. These two states of equilibrium are
categorized, for purposes here, as a "winter equilibrium" and "summer
equilibrium” state with the transition between the two states occurring at
different rates in the two catchments. The winter equilibrium state for

both catchments would be characterized by the following conditions:

1. Soil, and zone of interflow, frozen to the frost line.
pA Deactivation of the groundwater system as a direct result of 1.
3. Losses in the catchment are only a result of:

(a)  surface flow
(b)  evaporation (sublimation)
(c)  transpiration - affecting only waters directly adjacent to roots
of coniferous vegetation.
The period of equilibrium under the above conditions would exist
from late October or early November to late April or early May.
The summer equilibrium state would be characterized by different

conditions. These would include:

1. An entirely thawed zone of interflow.
2. An entirely reactivated groundwater system as a direct result of 1.
3. Losses in the catchment as a result of:

(a)  surface flow, evaporation and/or sublimation, and

transpiration at maximum rates,



(b)  groundwater flow.
The period of equilibrium under the above conditions would exist in
mid-summer; July and August.

Between these two equilibrium extremes the following conditions would

exist:
1. A gradually thawing or freezing zone of interflow.
2. A gradually reactivation or deactivation of groundwater systems and

response to 1.

3. A gradual increase or decrease in evaporation and/or sublimation,

and transpiration at gradually increasing or decreasing rates.

These intermediate conditions would occur from late April or early May to

mid-summer; July or August with one of the two proposed equilibrium

conditions occurring before or after this transitory state.

The lack of correlation between streamflows in Cascade and Meadow
Creeks during these transition periods may again be the result of variations of net
solar radiation input due to variations of the slope aspect. In as much as these
two catchments have similar aerial extent, topographic features, vegetation cover,
and precipitation input, a subtle feature such as variations in slope aspect may not
be beyond the realm of possibilities to explain the observed differences.

The estimated total annual flows at the inlet to West Glacier Lake are
given in Appendix A, Section 10 and for West Glacier Lake outlet in Appendix A,

Section 11.



The mass transfer method (Appendix A, Section 12) was used to
calculate the reservoir evaporation for East and West Glacier Lakes. This
method was selected over other methods as the more extensive data
required by these other methods were not available. The data used here
were obtained from a totalizing anemometer and hygrothermograph
located at the Telephone Lakes station and better reflect conditions at
Glacier Lakes when compared to other stations in the area. Factors con-
sidered when selecting this station included topography, elevation, and
exposure.

It was assumed that a free surface exists from June 1 to September
30 and that evaporation occurs only during this time interval. It is further
assumed that the surface area of the lakes remained constant. The com-
puted total annual loss by evaporation is 9.9 acre-feet for both East and
West Glacier Lakes.

The Blaney-Criddle method (Appendix A, Section 13) was used to
determine the evapotranspiration losses for both catchments. As with the
mass transfer method, this method was selected as the more extensive data
required by other methods were not available. It was assumed that the
total evapotranspiration for the season could be reasonably approximated
by considering only the losses occurring between June 1 and September 30
which is the period of maximum plant growth. A significant fraction of the
watershed areas consists of bare rock with negligible moisture-holding

capacity. Evaporation from such a surface would be limited to the drying
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of a wet surface immediately after a precipitation event. Therefore, the majority

of moisture returned to the atmosphere occurs over areas where soil development

is sufficient to retain water and support plant life. The evapotranspiration

estimate must therefore be adjusted to reflect the percentage of groundcover in

the catchment. For computational purposes it has been assumed that 35 percent

groundcover exists in both catchments and that a linear relationship exists

between percent groundcover and total evapotranspiration losses. The results of

the computations indicate that 288.1 acre-feet of moisture is lost via

evapotranspiration over the West Glacier Lake watershed and 119.9 acre-feet is

lost over the East Glacier Lake watershed during the indicated time period.
Using the values computed for surface discharge, evapotranspiration,

and precipitation input, a water budget was calculated for East and West

Glacier Lakes (Appendix A, Sections 14 and 15). The water budget com-

putations for West Glacier Lake indicate that 517.5 acre-feet more of

water was discharged from the catchment than was being supplied by pre-

cipitation input. It is proposed that this excess moisture is being supplied

by a large semi-permanent snowfield that has been receding over the past

several years. This ice field straddles the northwestern most portions of

the East and West Glacier Lakes watersheds and was formed by blowing

snow being deposited on the leeward side of the mountain peaks. This

snow (or ice) represents a net moisture input to the catchments that is not

recorded by precipitation gages located lower in the catchment. An

estimate of the size of the snowfield needed to produce the required

11



volume of water can be made by selecting a density value for the snow and
calculating the equivalent water content on a volume basis. Then, by selecting
various values for the depth of snow, the areal size can be computed. Such
computations (Appendix A, Sections 14 and 15) indicate that for a density of 2.8
pounds/cu. foot and a 10-foot uniform depth, the snowfield would have to cover
119 acres. For a 20-foot depth, 59.5 acres would be required. Direct observations
of the size of the snowfield indicates that these values are not completely
unreasonable as upper and lower size limits and that the largest amount of
unaccounted outflow comes from this snowfield. It is observed during the summer
season that a large amount of flow into West Glacier Lake and to the outlet of
the lake results from water melting from the permanent snowfield. Water can be
heard running through the large boulders in a small drainage to the east of
Meadow Creek and also one to the west of Cascade Creek which are unavailable
for surface measurement.

However, several other quantities can contribute to the outflow in
West Glacier Lake, including subsurface flow from East Glacier Lake into
West Glacier Lake. The 26.1 acre-feet of unaccounted water from the
East Glacier Lake Water Balance could be seeping into West Glacier
Lake. The largest problem in this whole water balance effort is the

unknown of groundwater movement in the area.

Task 3. Errors Associated With Water Balance
An excellent summary of the problems associated with water balance studies on

lakes is given in a paper by Winter (1981) entitled "Uncertainties in Estimating the

12



Water Balance of Lakes." These same problems exist with trying to do water balance
studies on East and West Glacier Lakes and their watershed areas. A reproduction of

the abstract of that paper is given below.

ABSTRACT: Evaluation of hydrologic methodology used in a number
of water balance studies of lakes in the United States shows that most of these
studies calculate one or more terms of the budget as the residual. A literature
review was made of studies in which the primary purpose was error analysis of
hydrologic measurement and interpretation. Estimates of precipitation can
have a wide range of error, depending on the gage placement, gage spacing,
and areal averaging technique. Errors in measurement of individual storms
can be as high as 75 percent. Errors in short-term averages are commonly in
the 15-30 percent range, but decrease to about 5 percent or less for annual
estimates. Errors in estimates of evaporation can also vary widely depending
on instrumentation and methodology. The energy budget is the most accurate
method of calculating evaporation; errors are in the 10-15 percent range. If
pans are used that are located a distance from the lake of interest, errors can
be considerable. Annual pan-to-lake coefficients should not be used for
monthly estimates of evaporation because they differ from the commonly used
coefficient of 0.7 by more than 100 percent. Errors in estimates of stream
discharge are often considered to be within 5 percent. If the measuring
section, type of flow profile, and other considerations, such as stage discharge
relationship, are less than ideal, errors in estimates of stream discharge can be
considerably greater than 5 percent. Errors in estimating overland
(nonchannelized) flow have not been evaluated, and in most lake studies this
component is not mentioned. Comparison of several lake water balances in
which the residual consists solely of errors in measurement, shows that such a
residual, if interpreted as ground water, can differ from an independent
estimate of ground water by more than 100 percent.

Precipitation measurements overall seemed very good except for the Lost Lake
precipitation gage. This gage seems to record actual precipitation, on the average, about
25 percent lower than many of the surrounding gages. A check of this precipitation gage
will be made in the near future.

It is difficult to estimate evaporation and evapotranspiration accurately by the

methods used. The values obtained could be as high as 75 to 100 percent error.
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Streamflow measurements of surface water discharge should generally be within 5
percent of actual because of the Parshall flumes being used, except during Fall freeze
periods. On a yearly basis, however, the values obtained should definitely be within 5
percent, except perhaps for West Glacier Lake outlet. During most of the year, a small
amount of seepage occurs at the outlet of West Glacier Lake under the hypalon cutoff
liner which could amount to as much as 0.5 cfs during larger flows and approximately
0.25 cfs during the fall period.

Groundwater flow was considered to be in balance over a yearly period. This
assumption should be approximately true with errors in the range of 5 to 10 percent.
However, as noted under Task 2, it is believed that seepage does occur from East
Glacier into West Glacier which could account for some of the difference. Any water
balance studies done on less than a yearly period would have to account for groundwater
movement into and out of the area. The amount of groundwater movement out of the
two watershed areas could be sizeable during certain months such as June, July and
August.

It is believed that the largest source of error in the West Glacier Lake Watershed
is the permanent snowfield that exists along the north and west ends of the watershed
divide. It is believed that the accumulation of blowing snow from adjacent watersheds
along with the difference between yearly hold-over storage of the snowfield can result in
over 100 percent errors in estimation of the water balance of West Glacier Lake. It is
indicated from the water balance study done that this phenomena is not as pronounced

on East Glacier Lake.
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Task 4. Suggestions for Error Minimization

The following ideas and/or suggestions are made to reduce the errors associated
with a water balance study on either East or West Glacier Lake watersheds.

Precipitation gages should be checked to make sure that they are operating
correctly and the weighing mechanisms are accurate to within the limits of the
instrumentation as indicated by the manufacturer. All precipitation gages should be
shielded from the wind since much of the area is subject to high winds during the winter
period.

At least one land evaporation pan should be installed within the entire watershed
area so that the estimates of evaporation and evapotranspiration can be made more
accurately than was done under this study of water balance. Reference on this point is
also made to Winter (1981).

A detailed snow survey of the two watershed areas needs to be made in late April
or when the snowpack is close to being ripe to determine the actual amount of water
stored during the winter period as a result of precipitation and blowing snow
accumulation from adjacent watersheds. This task could be very difficult on the West
Glacier Lake Watershed because of the cornices that are formed as a result of the
blowing snow.

The semi-permanent snowfield needs to be measured in the fall of each year near
the end of the melt period for the snowfield. The change in volume each year can then
be determined. It will be necessary to get a reasonably accurate estimate of the density
of the snowfield at this time also.

Any water balance studies made over a shorter period than one year will require

15



runoff occurring either as overland flow directly into the lake or unmeasured surface
inflow that cannot be obtained due to boulder fields. Both of these estimations (ground-
water movement and unmeasured surface flows) on these two watershed areas can
amount to as much as 100 percent or greater errors in the water balance. No easy
solution to these problems exist. Physical measurement techniques to quantify the
amount of water input to or output from the given lake water balance in these two
watersheds is almost impossible without an undue amount of land disturbance.

Groundwater movement can be estimated by placing piezometers at selected
locations throughout the watershed area to determine groundwater gradients. Using an
estimate for hydraulic conductivity that can be done either by estimation from soil type
and structure or infield tests (several available including pumping), Darcy's Law can be
applied to a cross section of the area to determine flow. Cross sections can be obtained
in these areas using surface geophysical techniques as performed in Task 5.

Finally, the hypalon liner at the West Glacier Lake outlet should be improved to

prevent as much seepage as possible from moving under the liner.

Task 5. Depth Measurement of Unconsolidated Material

In order to get a better feel for possible groundwater movement in the East and
West Glacier Lake watersheds, a number of cross sections were selected to obtain the
depth of unconsolidated material available for groundwater flow throughout the water-
sheds. A surface geophysical technique known as seismic refraction was performed using
a hammer to create the sound wave and several geophones to detect the sound wave

movement to determine the depth to bedrock material.
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Eight different cross sections were obtained using the seismic refraction technique.
The cross-sectional sites were selected in cooperation with the RMS. Appendix D has a
map which indicates the location of the 8 cross sections. Each of the 8 cross sections is
schematically shown in Appendix D as determined from the seismic refraction data. The
analysis of the data obtained is also contained as a part of Appendix D.

Most of the depths to the base of the weathering layer (velocity 200-500 fps) are
quite reliable. The layer with velocities in the range from 200-4,000 fps is probably
glacial material. Velocities above 4,000 fps and up to 7,000 fps are at a higher velocity
than would be expected for glacial debris, but it is possible. The cross sections drawn
are, therefore, the author's interpretations in some instances. The granite bedrock
material was expected to have a velocity around 16,000-18,000 fps. Since these velocities
were not measured that often, it could be possible for the glacial material to be as much
as 20 feet thick as is shown on most of the cross sections which rests on a highly
disturbed bedrock surface which would account for the slower velocities measured in
several instances.

A crude estimate of hydraulic conductivity was determined using information from
the water balance study and the seismic refraction cross sections. Appendix E shows the
calculations and gives the limitations used in the estimates. Values for the hydraulic
conductivity were found to be between 25 and 146 gpd/ft.

Reference
Winter, T.C., "Uncertainties In Estimating the Water Balance of Lakes", Watér

Resources Bulletin, American Water Resources Association, Vol. 17, No. 1, pp.
82-115, February, 1981.
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MTB > PRINT C1 C2

ROW CASC3/88 MDW3/88

1 0.39 0.47

2 0.41 0.48

3 0.47 0.54

4 0.44 0.53

3 0.24 0.44
MTB >

MTB > REGR C2 ON 1 PREDICTOR IN Ci1

The regression equation is
MDW5/88 = 0.321 + 0.430 CASCS5/88

Predictor Coef Stdev t-ratio fa}
Constant 0.32062 0.06430 4.99 0.016
CASCS5/88 0.4497 0.1615 2.78 0.069
s = 0.02881 R-sq = 72.1% R-sqtadj) = 62.8%

Analysis of Variance

SOURCE DF SS MS F p
Regression 1 0.0064305 0.0064305 7.73 0.069
Error 3 0.0024895 0.0008298

Total 4 0.008%200



MTE

FRINT C1

Ce

ROW MDWS/EE CARCLE/BE
i .88 D.1léb
o2 .35 O, e
3 0. b .3

. &3 0,63

= 0. 84 0,79

é 0.7 0,79

7 0,93 .77

& 0,81 .73

& .78 .75

10 0,78 .87
11 0.7 0.7
iz 0,468 .72
13 0.E D.6D
14 0.5 0. &L
15 0.55 .72
1é .82 1.156
17 0,90 1.22
18 PO 1.13
1% .78 1.03
=0 0,74 1.00
21 . 6T 0L.80

2
3]

RE

Thaon

&R

cz

oM 1 PR

EDICTOR IN

C1

The regression equaticon is

CABCE/88 = — 0,147 + 1.28 MDW&A/88

Fredictor Coef Stdav t-ratic
Constant -, 1467 1503 -, 98
MDWs /88 1.27882 0.2062 H.20
s = 0.1419 =g = &b.F% F-sgladj) =
fAnalysis of Variance

SOURCE DF 88 MS
Regression 1 1.0078 1.00738
Error 19 0. 4982 0. 0262
Total 20 15060

wstial Obse

L
O MDM&/BB

(=30

1. P70

Y
¥

atio
CQQEé’B

0,700 1.0
obs. with a large s

B
0,341

O 00

6T . 2%

Residuxl

-, 3029

0.

000
St.Resid
- DR



MTB > PRINT Ct C@2

ROW MDW7/88

SoNpUpwnp -

0.62
0.62
0.65
0.76
0.77
Q.74
0.66
0.61
0.33
0.45
0.43
0.48
0.54
0.55
0.51

0.51
0.52
0.51
0.30
0.44
0.44
0.46
0.45
0.49
0.46
0.39
0.44
0.51
0.53
0.33

CASC7/88

0.73
0.78
0.81

0.95
1.00
0.97
0.85
0.81
0.48
0.61
0.&0
0.69
G.75
0.75
0.70
Q.70
0.72
0.70
0.65
0.36
0.58
0.5%9
0.57
0.64
0.59
0.55
0.57
0.70
0.71

c.78



MTB > REGR C2 ON 1 PREDICTOR IN C1

The regression equation is
CASC7/88 = 0.0760 + 1.18 MDW7/88

Predictor Coef Stdev t-ratio p
Constant 0.07598 0.02924 2.60 0.015
MDW7/88 1.18056 0.03333 22.06 0.000
s = 0.02887 R-sq = 94.6% R-sq(adj) = Q4.4%

Analysis of Variance

SOURCE DF Ss MS F a}

Regression 1 0.40355 0.40353 486.45 0.000

Error 28 0.02334 0.00083

Total 29 0.428%90

Unusual Observations

Obs. MDW7/88 CASC7/88 Fit Stdev.Fit Residusal St.Resid
1 0.620 0.73000 0.80793 0.00688 -0.05793 -2.07R
4 0.760 0.93000 0.97320 0.01303 -0.02320 -0.90 X

] 0.770 1.00000 0.98301 0.01352 0.01499 0.359 X



MTB > PRINT C1 C2

ROW MDWB/88 CAS5C8/88

1 0.48
2 0.40
3 0.40
4 0.35
3 0.32
& 0.32
7 0.28
8 0.28
9 0.30
10 0.31
11 0.31
12 0.32
13 0.35
14 0.34%
15 0.36
16 0.26
17 0.a2
18 0.21
19 0.19
20 0.28
21 0.27
22 ¢.22
23 0.24
24 0.20
23 0.21
26 0.22
27 0.20
a8 0.19
29 0.20
30 .23

Q.39
0.36
0.536
0.46
0.45
0.49
0.41
0.38
0.44
0.47
0.43
0.49
0.54
Q.49
0.64
0.49
0.47
0.39
0.42
0.635
0.60
0.41

0.43
0.33
0.40
0.41

0.35
0.32
0.39
0.40

MTB > REGR C2 ON 1 PREDICTOR IN C1

The regression equation is
CAsC8/88 = 0.226 + 0.835 MDW8/88

Predictor Coef Stdev t-ratio
Constant 0.22643 0.04609 4,91

MDW8/88 0.8333 0.1583 35.28
s = 0.06256 R-sgq = 49.8% R-sg(adj)

Analysis of Variance

SOURCE DF SS MS
Regression 1 0.10891 0.108%1

Error 28 0.10937 0.00391
Total 29 0.21848

Unusual Observations

Obs. MDWB/88 CASCEB/88 Fit Stdev.Fit

1 0.480 0.5900 0.6274 0.0334

20 0.280 0.6300 0.4603 0.0114
2l 0.270 0.6000 0.4520 0.0116

p
0.000

0.000

= 48.1%

27.83

Residual
-0.0374
0.1897
0.1480

0.000

St.Resid
-0.71 X
3.08R
2.41R



MTB > PRINT C1 C2

ROW MDW9/88 CASC9/88
1 0.24 0.43
2 0.24 0.41
3 0.22 0.37
4 0.20 0.30
5 0.19 0.40
6 0.19 0.37
7 0.21 0.33
8 0.20 0.34
9 0.20 0.37
10 0.22 0.21
11 0.20 0.10
12 0.10 0.05
13 0.06 0.16
14 0.07 0.17
15 0.06 0.17
16 0.07 0.18
17 0.09 0.21
18 0.09 0.21
19 0.08 0.18
20 0.09 0.17
21 0.04 0.07
22 0.03 0.05
23 0.03 0.06

MTB > REGR C2 ON 1 PREDICTOR IN C1

The reqgression equation is

CASCT/88 = 0.048B7 + 1.34 MDW9/88

Predictor Coef Stdev t—ratid
Constant 0.048735 0.03238 1.50
MDW2/88 1.3426 0.2108 6.37
s = 0.07489 R-sg = 63.9% R-sgf(adj)
Analysis of Variance

SOURCE DF SS MS
Regressiaon 1 0.22742 0.22742
Error 21 0.11777 0.00561
Total 22 0.343518

Unusual Observations

Obs. MDWS/88 CAS5C9/88 Fit Stdev.Fit
11 0.200 0.1000 0.3173 0.0207
R denotes an obs. with a large st. resid.

P

0.150

0.000
= 64.3%

F P
40.55 0.000
Residual St.Resid

-0.2173 -3.02R
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