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1.0 ABSTRACT

The objective of this study is to reconstruct a lake
level hydrograph of Pyramid Lake, Nevada over the period
of 1745 to 1904 by using tree-ring widths.

Validation of the model reproduced the observed
elevations of the lake to within five percent using
observed inflows, and to within twenty percent using
tree-ring generated inflows,

Modeling the lake between 1745 and 1904 indicates
the fluctuations of the lake were relatively subdued, with
the maximum range in elevation being only sixteen feet,

It is expected from various limitations within the model
that this range of elevation should be twenty-five to fifty
percent greater. The mean elevation of the lake in this
period is the spill elevation of 3863 feet. This mean
elevation would largely be determined by the average long

term climatic conditions which the tree-ring data suggest

were fairly stable,
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3.0 INTRODUCTION

The objective of this study is to reconstruct the his-
tory of the surface elevation fluctuations of Pyramid Lake,
Nevada prior to the scattered written records that begin in
1844, as well as the complete records which begin in 1932.

To achieve this a correlation has been developed between the
annual streamflow of the Truckee River and the annual growth-
ring in drought sensitive trees. This tree-ring generated
streamflow has been used as input to a mathematical model of
Truckee River-Pyramid Lake.

The Truckee River (Figure 1) drains a large area of the
east flank of the Sierra Nevadas as well as a portion of the
western Great Basin. Precipitation over the area rapidly
decreases from west to east because of orographic aﬁd rain
shadow effects. For instance, the Truckee Ranger Station
(No. 10, Figure 1) on the western edge of the basin, receives
an average of 2.70 feet of water per year, while at Nixon,
Nevada, (No. 1, Figure 1) the average precipitation is only
0.59 feet. Most of the flow of the Truckee River comes from
the winter snows on the Sierra Nevadas.

The present terminus of the Truckee River system is
Pyramid Lake. Prior to the completion in 1903 of the Truckee
Canal (No. 6, Figure 1) as part of the Newlands Project,
Pyramid Lake would periodically rise above the lip of its
basin, at 3863 feet, and overflow into Winnemucca Lake

through Winnemucca (Mud) Slough (near Nixon, No.l, Figure 1).
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The Newlands Project is an irrigation project which has brought
under cultivation thousands of acres of desert surrounding
Fallon,Nevada. A large portion of the water used by this
project is diverted from the Truckee River at Derby Dam and
transported to the Carson River system via the Truckee Canal.
The large withdrawals of water for the irrigation project has
reduced the inflow to Pyramid Lake and contributed to the
lake's decline of ninety-four feet from its recorded high of
3878 feet. Prior to construction of the Highway 34 causeway
across Winnemucca Slough in 1937, the slough would occassion-
ally carry Truckee River water when the river bifurcated on
the Pyramid Lake Delta.

Pyramid Lake could "export" water when it rose above
its previous overflow elevation of 3863 feet. The lake has
been known to have been at an elevation of 3876 feet or
overfilled by nearly thirteen feet (U.S. Geological Survey
1894 Wadsworth topographic map). The lake could overfill,
because the Truckee River was capable of carrying much more
water than Winnemucca Slough when Pyramid Lake was between
the elevations of 3863 and 3873 feet. Above 3873 feet the
slough widened rapidly and quickly becomes capable of carrying
the Truckee River flows. Thus, the maximum observed eleva-
tion of 3876 feet was probably close to the maximum obtain-
able elevation of the lake. Hardman and Venstrom (1941,p.77)
found upon examining the vegetation and bleached algae around
Winnemucca Lake that the lake "has not exceeded a level of

about 3855 feet in recent years". This is eight feet below




the lip of the slough. Based upon the same lines of evidence,
as well as photographs taken by Russell in 1882 they found
"the highest recent elevation of Pyramid Lake was not greater
than 3879 feet" (1941, p. 75). It is apparent from Hardman
and Venstrom's observations that Winnemucca Lake had not
filled up and therefore would have been an infinite sink

for any water spilled from Pyramid Lake. Thus, Pyramid

was free to establish a mean elevation that is not influenced
by Winnemucca Lake. This mean elevation would apply as long
as the long term climatic conditions remained stable.

The stability of the climate is a fundamental assumption
of this study. It is assumed that the long term climatic
conditions which have existed during this century are
representative of the conditions which occurred during
the period to be reconstructed.

It is known that during the last ice age, about 10,000
years ago, the climate was much different than today because
both Pyramid and Winnemucca Lakes were only a small part of
Lake Lahonton which covered much of the western Great
Basin. There have probably been similar, though smaller
magnitude wet periods since this last glacial period, but
their frequency and severity are unknown. The tree-ring
data, plotted in Appendix A, gives some climatic information
about the last 450 years. These data show no major long
term changes in the rate of growth of the trees from 1745 to
1972. This implies that the climatic conditions were

relatively stable from 1745 through 1972. (The correlation




between tree growth and precipitation will be discussed later).
Thus, it is realistic to make the assumption that the mean
climatic conditions have been stable over the past 232 years.
Prior to 1745, the Skyline chronology suggests a rather
radically changing climate existed, but the Hirschdale
chronology does not show the same magnitude of shifts.

Virtually all water that enters these two terminal lakes
is ultimately evaporated. Harding (1962) has determined the
average evaporation rate for Pyramid Lake to be 4.02
feet per year per acre of surface area. This evaporation
rate can be used in conjunction with the U.S. Geological
Survey's surface area-elevation rating table for Pyramid
Lake to compute the average volume of water that has evapor-
ated. Thus, all of the components are available for develop-
ing a mathematical model to compute changes in the lake
surface elevation as a function of inflow, evaporation,
and overflow.

A tree-ring generated synthetic inflow to the lake
can be developed from correlations between tree growth and
annual runoff. A regression analysis of the tree-ring widths
and runoff volumes gives an equation which allows the
tree-rings to be used in the model to generate statistically
likely inflows.

This model can be used to reconstruct the fluctuations
of Pyramid Lake surface elevation to an accuracy that is
largely determined by the statistical correlation between

annual growth-ring widths and precipitation.




4,0 DENDROCHRONOLOGY

The methodology used for the interpretation of tree-
rings in drought sensitive trees from the Southwest and
their conversion into a time series chronology, as well
as a growth chronology, has been presented by Schulman
(1945b) and others. A short summary of the process is
given here.

lost of the growth of the cambrian layer, the wood
just under the bark, usually takes place in May, June, and
July in the Southwestern United States (Schulman, 1945a,
pe 63). The three month period produces the light colored
part of a tree-ring or spring wood and is characterized by
large, but thin walled cells. The dark colored part of the
ring or summer wood has smaller, thicker walled cells
(stallings, 1960, p. 4). The spring wood is the period
of rapid growth of the tree and is usually the major part
of the ring.

The width of a tree-ring is controlled by the local
environment: the length of the growing season, as deter-—
mined by- the temperaturej; nutrients in the soilj; hours of
sunlight; and availability of moisture. If one or more of
the environmental factors is reduced below normal levels
the width of a ring will be less than optimum for that year,
The growing season stops when an environmental factor falls
below its critical lower limit,

In the forests at the highest latitudes and at the




upper timberline, temperature has been found to be the
critical factor for tree growth. In this environment
moisture is usually in abundant supply from the deep snow
packs, but the season is short and cold.

In middle zones, Schulman has found the chronologies
(width of the tree-rings versus time) tend to have similar
size rings, because only rarely will the supply of any one
component become short enough to slow growth and it may
not be the same factor from year to year,

Only near the lower limit of the forest can a strong
correlation of tree-ring growth to precipitation (or stream-
flow) be found. The growth of the drought-sensitive trees
will not show a perfect correlation because: (1) the growth
in any particular year could be controlled by the other
environmental factors (for instance, a deep snow pack
would provide a good water supply but it might be too cold
to allow full growth); (2) a difference in the precipitation
that fell at the metorological stations and at the trees due
to distance between sites, elevation, exposure, slope, etc.;
(3) the carryover effects of excess or deficient soil
moisture from preceeding years; (4) a difference in the
months when precipitation occurred and the growth of the
trees took place (for instance, late summer rains affect
the growth of a tree as a soil moisture residual carried
over for the next year's growth); and (5) the incomplete
elimination from the ring chronologies of local effects,

such as release from suppression by other trees, insect
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injury, erosion, deposition of soil, fire, lightning
injuries, etc. (Schulman, 1945a, p. 30).

In addition to studying trees at the dry, lower
boundary of the forest, Schulman found by trial and error
that drought sensitivity could be enhanced by choosing
trees that:l) were long-lived conifers of non-erratic
growth characteristics; and 2) grew on steep slopes underlain
by pervious rock and soil so that moisture conservation
would not affect the next year's growth (Schulman, 1945a,
pp. 62, 64).

Two erratic growth characteristics of many trees
are locally absent rings and false ringse. A locally absent
ring is caused by an environmental stress so severe that a
patch of the cambrian layer within the tree does not grow
at all that year. If the core sample, from which the
chronology is made, happens to pass through one of these
zones there is a missing ring. These can be located only
with other chronologies and matching growth patterns, A
false ring is a one season growth that goes from early
wood to late wood and then repeats itself, These are most
easily identified by crossdating and cén be recognized in
the wood by the fact that the first late wood grades back
into the next early wood without the usual sharp break,

The false ring is caused by a slowing of growth early in the
season, then a reactivation of rapid growth.

The trees in the present study as well as most of the

studies cited here were sampled using a Swedish Increment
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Borer which only extracts a small core from each tree. The

trees were bored on a side perpendicular to the downhill
direction of the slope to eliminate the distortion a tree
undergoes as it bends and grows upright. The cores were
dried, then glued to a slotted iath to give the fragile
core support. The cores were then sanded to a flat, smooth
finish on the exposed face. This facilitates accurate
measuring of the rings.

In order to use the tree-ring series for dating and
reconstruction purposes a chronology must first be built.
First, each core must be crossdated by accurately checking
each one against the others for false or missing rings. To
facilitate this, a skeleton plot is first made. The plots
are made from long strips of graph paper with the horizontal
scale representing time in years and the vertical scale
reflecting the tree-ring thickness. It has been found that
the narrower ring patterns can be more easily recognized
than the average, or thick rings. To facilitate the
recognition of the patterns on the skeleton plot a thick
vertical line is marked on the skeleton plot for each
narrow ring such that, subjectively, the narrower the ring
the longer the line. Average and overaverage rings are
ignored except to mark a "B" (by convention) for those
rings that are unusually thick. This process eliminates
the tree-ring thickness from the horizontal scale and allows
two plots to be slid past one another to match up the

thickness patterns on the vertical scale year by year.
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When matches are formed in some sections, but are displaced
a year or more in other sections, false and missing rings
are looked for inbetween. When a match can be made down
the entire length of all plots, allowing for recognized
false and missing rings, all plots may be dated starting
from the known date of the outer ring under the bark.

As a tree grows, the mean tree-ring width becomes
smaller, which means the early growth of a tree cannot
be directly compared to its later growthe. In order to use
the tree-rings for reconstruction purposes this individual
age trend must be eliminated. This trend is removed by
fitting an exponential equation of the type

Y, = SeCC ok (1)

where
Yt is the observed ring width
t is time in years
a,b,k are positive constants determined by a least
squares fit of the measured ring widths (Fritts,
Mosimann, and Bottoroff, 1968).
Indicies of growth can be calculated using an equation
of the form |

i alo ch §t) 100 (2)

t

where

Yt and t are as in equation 1

It equals the calculated index

§t is the expected mean growth as predicted by the

equation 1 at time, t.
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Thus, each tree-ring can be converted to a percent of the
mean growth such that anything between 0 and 100 is less
than mean growth, and anything above 100 exceeds the mean
growthe

Aﬁ average chronology can be established for a given
type of tree or locality by averaging all of the tree~ring
indices of growth from all of the trees within the category
to provide a single master time series plot or chronology.
This chronology is the most useful for correlation studies
because it tends to average out any unusual growth patterns
of a single tree,

In the present study twenty-four trees were sampled
by Professor Alfred Cunningham and Dr. Richard Bateman of
the Water Resources Center between 1972 and 1973. The
laboratory of Tree-Ring Research at the University of
Arizona analyzed the cores, crossdated the samples, computed
the indicies of growth, and developed the following three
chronologies by the methods described above,

The trees were sampled in three areas, as shown on
Figure l. The Hirschdale chronology consists of six

Pinus ponderosa (yellow pines) from an elevation of

5600 feet near Hirschdale, California above the Truckee
River. The Skyline set is made up of seven yellow pines
from 4800 feet on the lower slopes of the Carson Range

above Skyline Boulevard, Reno, Nevada. The last set is
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nine Pinus monophylla (pinyon pines) from an elevation

of 4300 feet in the Pine Nut Range east of Gardnerville,

Nevadae.
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5.0 DENDROHYDROLOGY

Stockton (1971, p.89-93) has expressed the theory of
the relationship of tree-ring growth and runoff to dimate
in some detail. The-following is a summary of his discus=-
sione.

The underlying assumptions in relating tree-~ring growth
to runoff are: 1) the precipitation which falls on the
soil must satisfy any soil moisture deficit before
substantial runoff can occur, and 2) the growth of the
trees responds to the availability of soil moisture more
closely than any other environmental factor.

The climatic and hydrologic factors that affect
runoff and tree growth are precipitation, evaporation, and
changes in soil moisture., Precipitation is obviously the
dominant factor in controlling the volume of runoff.
However, when a soil moisture storage deficit exists there
will be little runoff unless the storm is very intense,
Under the conditions of a soil moisture deficit the growth
of the trees will similarly be retarded. The form of
precipitation is important particularly if snow accum-—
ulates to great depth. Evaporation of any water after it
has landed on the ground and foliage reduces not only the
runoff but the water available for infiltration. Further-
more, during periods of high evaporation, the accelerated
rate of transpiration will increase the draw upon the

soil moisture. This in turn will increase infiltration




as well as
It is
runoff are

represents

14

reduce ground water outflow.
apparent that both the tree growth and the
similarly affected by the precipitation which

a positive component, and evaporation and

transpiration representing negative components. The soil

moisture storage is usually considered to be negligible

when water years are used (Stockton, 1971).
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6.0 PREVIOUS INVESTIGATIONS

The first attempt to determine a relationship between
streamflow and tree-rings is thought to have been done by
Kapteyn in the year 1880 (Kapteyn, 1914, cited by Stockton,
1971). Hardman and Reil (1936) were the first to try to ex-
tend the hydrologic record based on tree-rings. They collect-
ed their samples from the Truckee River Basin. Hardman and
Reil recognized that there were probably carryover effects on
runoff from the preceeding years precipitation. This would
include retarding effects on the ground water component of
flow. They smoothed the data with a five year moving average
in order to integrate the effects of the preceeding and
following years runoff (Table 1). The authors were primarily
interested in trends, so they placed the smoothed value in
the middle of the group.

Hardman and Reil (1936) ran correlations of tree-rings
with six of the major rivers in the area (Table 1). Interest-
ingly, the Feather and American Rivers have the same level of
correlation as the Truckee River although they lie on opposite
flanks of the mountains. Presumably this is caused by the
head waters lying on either side of a common ridge. Hardman
and Reil (1936, p. 24) found a poor visual correlation
of the water year precipitation from six stations on
the west side of the Sierra Nevadas with the combined

indices of forty-six trees on the east side. This is




TABLE 1

Runoff Correlatfons, Past Studies

T T
Tree Correlated . I it of # of | un-
Index* |With Remarks | Trees | Done by Time Base |Years | smoothed | smoothed
T.R.B. |[Truckee River Same Basin 46 Hardman & | Oct-Sept. 26 - 0.89°
el e Reil, 1936
i Feather River Trees on east side of | 46 P " | Oct=Sept,
Sierra Nevada Mtns. 25 - 0.893
Tand the
A American River || Rivers on west side 46 1 " | Oct-Sept, 22 - 0.892
Mokelumne River 46 " " |Oct-Sept. | 22 e 0.822
Tuolumne River 46 M """ | Oct-Sept, 31 Kl = 0.73°
Yuba River 46 " " | Oct-Sept. e TS 0,79
Bear River | 46 5 ' | Oct=Sept, 2 | - 0.54°
E.O. Columbia River 340 Keen, 1937| Oct=Sept. 57 0.56 -
M.V. Animas River ? Schulman, |[Oct-Sept. 47 0.73 -
1945a
Seals Kings River K6 W Oct-Sept. 47 0.59 -
B San Gabriel R. 6 - Oct=Sept, 46 0.57 b0y
C.R.B. |Lees Ferry Flow | Comp.of tree indices | 109 Schulman, |Oct-Sept. 94 0.66 0.81
1945b
B.S Kings River From 6 sub=basins | 60 Schulman, |July=June 94 0.52 0.62l
1947 4
1 i y 60 i July-June | 94 0.52 0.64"
4 San Gabriel R. 60 " July-June 49 0.61 0.81*
i gty 60 " July-June | 49 0.61 0.792
[ i i 60 i July-June | 49 0.61 0.873
h J t 60 W July=June 49 0.61 0.86

L T e W T A 2 ke

1)b' = (at+b)/2

2)b' = (at+2b)/3

3)b' = (a+b+c)/3

4)b' = (at+2b+c)/4

5)f' = (d+et+f+g+h) /5

where b' and £f' = one years index; a,d,and e = preceding years indices; and c,g,and h = following years
indices.

% T.R.B.-Truckee River Basin; E.0,-Eastern Oregon; M,V,-Mesa Verde; S.,J,-San Jacinto; C.R\B.=Colorado River
Basin; B.S.-Big Cone Spruce
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probably caused by the physiographic location of the precipi-
tation stations, which are well west of the trees and
separated from them by the crest of the mountains.
The amount of precipitation east of the mountains is
substantially less than on the west, because thé vast majority
of the storms approach from the west-which places the trees
in the "rain shadow'" of the mountains.
Keen (1937) studied the relationship of precipitation
and tree growth in eastern Oregon to determine if the
recession of the tree line up the mountains was climatically
controlled (Table 2). He examined the tree-ring widths
in an attempt to extend the precipitation and streamflow
records. From these records he hoped to determine if there
had been a shift in the weather pattern. He found the best
correlation (0.82) for the historic period by using smoothed
precipitation data (b1=(a+b), b= one years data, a=the
preceeding year's, and bl=the smoothed data; Table 1).
Keen concluded this indicated a strong influence on one year's
growth by the preceeding year's precipitation. The unsmoothed
precipitation and tree-ring growth gave a correlation
of 0.50. In the case of the correlation of precipitation
to streamflow, Keen found a correlation coefficient of 0.56
without smoothing. He did not give a smoothed equivalent.
Schulman (1945a, 1945b, 1947, and 1951), tried to
determine the degree of correlation that could be expected

between streamflow, precipitation, and tree-rings for




TABLE 2

Precipitation Correlations, Past Studies

I | r r
Tree Correlated | # of | # of |unsmoothed
Index* With [Remarks [Trees Done by Time Base Years |or quality | smoothed
Truckee |6 Western Sierra|Trees on east side E 46 Hardman & | Oct-Sept 64 poor. =
R. Basin|Stations E Reil, 1936
Eastern |Eastern Oregon |[=—=- 340 Keen,1937 | Oct-Sept 66 0.50 0.821
Oregon
Mesa Durango (Arizona) ? Schulman, | Oct-=June 48 0.78 -
Verde ' 1945a
Okanogan |Okanogan (Wash.) 26 1 Oct=June 39 0257 -
So.Calif|San Diego o 6 L July-June 91 0.44 -
Bigcone |S. Coast ——— 60 Schulman, | July-June | 94 0.65 0.822
Spruce [Rainfall 1947
Bigcone |S. Coast — 60 W July-June 94 0.65 0.853
Spruce |Rainfall
Fox Mtn.|Jewett e 10 Stockton, | Oct-Sept 38 - 0.89
Alpine |Jewett ———— 20 L Oct=Sept 38 - 0.82
Luna Jewett ——— 10 " Oct-Sept 38 - 0.89 ‘
Tularosa|Jewett e 10 i Oct-Sept 38 - 0.95 i
Divide
Rainy Reserve ———— 10 e Oct~-Sept 38 = 0.85 ¥
Mesa | b
1)b'= (atb); 2)b' = (ath)/2; 3)b' = (a+2b+c)/4; b = one years index, a = the preceding years é

b' = the smoothed index

¢ = the following years index;

81




several areas of the West (Tables 1 and 2). His 1945a
paper was a review of the available literature and a
reconnaissance level sampling of trees from various areas
to determine if a significant correlation between pre-
cipitation and runoff could be established. In general,
he found significant visual correlations, but he did not
give correlation coefficients as he did in later papers.,

Schulman's Colorado River basin study (1945b) used
sets of trees from many sub-basins to establish correlations
with streamflow for each sub-basin. Each sub~basin was
then weighted and integrated into one chronology for the
entire basin. The reconstructed streamflow from this
chronology was then checked against the streamflow at
Lee's Ferrye.

In southern California, in a similar investigation,
Schulman (1947) sampled bigcone spruce trees in the coast
ranges. He correlated the spruce's growth to flows of the
San Gabriel River from the San Gabriel Mountains and also
for the King's River in the southern Sierra Nevadas. He
used precipitation stations from over the entire area but
most were not in the mountainé (Table 2). The correlations
(Table 1) to the King's River are lower than those for the
San Gabriel Mountains. This is understandable, because the
trees are located within the San Gabriel Mountains and
quite removed from the King River. Schulman also found
that the correlation of the water year (October-September)

precipitation to bigcone spruce, r=0.85, is best with a
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three year moving average (b' = (a+2b+c)/4; b= one year's
index, a= the previous years, c= the following years, and
b'= the smoothed index). A two year average (b'= (a+b)/2)
gave only a slightly lower correlation coefficient of r=0.82
and the unsmoothed correlation was lower still at r= 0.71
(Table 2). Schulman believes this to indicate that there
is a cumulative effect of precipitation on growth that
lasts for more than one season. The correlation coefficients
of tree-rings to streamflow are r= 0.86, and 0.81 for the
respective smoothing schemes and 0.61 for the unsmoothed
data (See Table 1).
In a paper in 1951, Schulman points out that rivers
which are subject to flash floods, such as the Gila River
in Arizona, have a much lower correlation between tree-
rings and runoff than do the rivers that are dominated by
springtime snowmelt runoff,
Stockton (1971, p.8) reports that Potts (1962) in an
unpublished paper attempted
to use the time distribution of tree-ring series
to improve the estimates of drought recurrences
in the upper South Platte River Basin in Colorado.
As Water Rights Engineer for the Denver Water
Department, he hoped to predict or at least
improve the advance estimate of runoff of the
South Platte River, which provides the water
supply for the city of Denver. His objective
was to estimate the storage required to provide
a firm water supply for the city. Consequently,
the ring-width series were used subjectively
in determination of reservoir storage requirements,

Gatewood, Wilson, Thomas, and Kester (1964) used

Schulman's published data to test whether a fifty year
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base period (1904-1953) was representative of the runof £
in the Southwest for the last 154 yearse. They concluded
that the mean runoff in the 1904-1953 period closely
approximated the mean runoff of the last 154 years, 1800-
T953%

Stockton (1971) collected tree-ring samples from the
Bright Angel Creek watershed on the Colorado River in
Arizona and the Upper San Francisco River watershed on the
Gila River near the Arizona-New Mexico border. These data,
along with the records of precipitation, temperature, and
runoff from nearby stations were analyzed statistically by
correlation analysis to test whether one value depends
strongly on the preceeding value, and spectral analysis
was used to identify the frequencies of the various cycles
in the data. In addition, he used cross spectral analysis
to test the correlation between the two series at each
frequency defined above, and analysis of variance of
components to give the percent of the total variance that
can be ascribed to four sources of variance in the tree-
ring width data. Principle component analysis was used to
transform the data into orthogonal eigenvectors for use in
énalyzing the significance of each component used in the

multiple linear regression which gives the reconstruction

equation.

Fritts, Smith, and Stokes (1965) have shown by use of
a physiological model of trees that the most probable o

climatic season affecting growth is a fourteen-month period
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from the June preceeding the growth of an annual tree-ring
through the July of the year that the growth takes place
(Stockton, 1971, p. 96). Stockton (1971, p. 109) used
this period of time for his correlations of precipitation
and temperature to growth and found that it gave only a
ten percent improvement over a water year (October-
September) time base. He concluded that this improvement
did not justify the work involved in making the additional
computations (Stockton, 1971, p. 109). The correlations
of runoff and precipitation with tree-rings in his study
are shown in Tables 1 and 2. He has used much more
sophisticated statistical methods to improve his correlation,
which tends to increase his r values relative to the
techniques used by the other workers,

Stockton concludes from his study that dendrohydrology
holds great promise, but that it is dependent on carefully
selected trees, growing in basins that cause sufficient
environmental stress to reflect the hydrologic conditions,
Furthermore, each basin must be studied separately, with
the equations from one basin having no applicability in
any other, .

A recent paper on dendrohydrology is by Stockton and
Fritts (1973). They attempt to correlate tree-ring width
data from six sites along the natural levees of the river
channels in the Lake Athabasca Delta of Alberta, Canada,
with the 1935~1967 observed lake levels, They were

attempting to see if the closure of the W.C.A. Bennett
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Dam on one of the main tributaries had significantly
affected Lake Athabasca. They found a negative correlation
of tree growth to lake levels, which they ascribed to higher
river stages when the lake was high. This caused saturation
of the root systems of the trees which slowed growth.

They worked with three time periods for each year, May 21-
30, July 11-20, and September 21-30 corresponding to the
times when the lake level was rising, full, and falling.
They concluded that the drop in lake levels since closure

of the dam upstream has been caused in part by climatic
fluctuation, but also by the impoundment of the water at

the dame.
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7.0 PRESENT INVESTIGATIONS

Due to the yearly growth cycle of the trees, an
October through the following September water year is
considered by Stockton (1971) to be the most satisfactory
time base for dendrohydrology. Thus, the maximum
resolution of any tree-ring reconstructed streamflow
event will be one year. All precipitation and streamflow
records in this paper are in water years with the water

year dated in the January-September period.

7.1 INDICES OF PRECIPITATION AND RUNOFF
For use in this paper all precipitation records
and streamflow records have been converted to indices by
using Equation 2
I.= (¥ /¥ )100
where
t equals the water year (October through the following
September)
It equals the index of precipitation or flow for year

t, dimensionless

Y, equals the depth of precipitatioﬁ or volume of flow

t
at year t, vertical feet per acre per year or
acre feet per year

¥ equals the mean of the data, acre feet per year,

Using the data in this form facilitates interpretation of

plots of the data, because all curves are plotted to the

b P o Al




same scale. Furthermore, by having both the tree-rings

and flows as indices it simplifies the reconstruction

equation developed from the linear regression.
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7.2 PRECIPITATION RECORDS

Five relatively long term precipitation stations
in proximity to the tree sites, are shown in Figure 1.
Their records, shown in Figure 2, were chosen because
they represent the range of conditions in the vicinity
of the trees. The average precipitation decreases very
rapidly as one goes from 2,70 feet at the Truckee Ranger
Station to 0.64 feet at Reno, a distance of 24 miles
with an elevation loss of only 1329 feet (Figure 1 and
Plate 1). This dramatic drop in precipitation is caused
by the drying of the air masses as they move from west
to east across the Sierra Nevadas. This '"rain shadow"
is caused by the cooling of the air masses as they rise
up the west flank of the mountains. The cooling of the
air brings it to saturation and results in precipitation.
When the air mass decends the eastern slope, the air is
warmed by compression, which results in a loss of saturation
and a reduction in the amount of precipitation which falls
on the east side of the mountains. The effect of the
"rain shadow" is to have high precipitation near the crest
of the ridge, i.e. Truckee Ranger Station, with less
occurring the further away one is from the crest of the
ridge on the leeward side, i.e. towards Reno. There is
approximately 15 inches of precipitation at the Hirschdale

tree site as compared to the 10 inches at the Skyline site,
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The Pine Nuts site, which is located on the Pine Nut

Range, the next range of mountains east of the Sierra

Nevadas, and Carson Range, receives only 5 inches per year.
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Te3 RUNOFF RECORDS
7«31 Nixon

The observed flows at Nixon, Nevada on the Truckee
River have been recorded by the Federal Water Master, Reno,
Nevada office, between October 1928 and December 1957
(Appendix B). These records are on file in the Water
Master's office, Reno, Nevada. The 1955 readings are not
complete, therefore, flows below Derby Dam were used for
that year. From October, 1957, the U.S. Geological Survey
has operated a gauge about two miles above the old site.
Data from the new site have been adjusted back to the old
site by subtracting the recorded monthly flows in the
Bureau of Indian Affairs-Nixon Ditch, which lies in between.
The records of these flows are also in the Water Master's
office. The diversion records are not accurate, but this
does not cause a serious problem. While these flows re-
present a substantial proportion of the water in the river
in low flow summer months, the summer flows are usually a
small portion of the yearly flow. Figure 3, which ;hows a
plot of the Nixon plus Truckee Canal flows, approximates
the streamflow record if the Truckee Canal had not been
built,

7Te3e2 Vista

Streamflow records at Vista have been used for

determining the average monthly hydrograph in the Pyramid

- R m—

- w—
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Lake model, This record runs from January 1933 to December

1955 and from October 1958 to the present (Figure 3). The
missing data were not recorded.

73.3 Farad

The Farad gauge record (Figure 3) is the longest on

the river, with records from 1900 to the present. This

record is used for validation of the tree-ring streamflow

regression equation.

7.3.4 Truckee Canal-Derby Dam

For use later in this report it is necessary to have

- mm W e

the flows of the Truckee Canal on a monthly basis, Thus,
the following discussion is oriented towards accumulating
the Truckee Canal flows on a monthly as well as yearly
basis,

The flow of the Truckee River has been modified since
the early settlers started diverting water for irrigation.
The only diversion of concern to this study, however, is tHe
Truckee~Carson Irrigation District's Truckee Canal which
diverts the water out of the basin at Derby Dam (Figure 1).
Below Derby Dam, the volume of flow is measured both in
the canal and in the river., About eight miles downstream
from Derby Dam, at the Wadsworth spill, an unmeasured
amount of canal water is dumped back into the Truckee River,
Even though Derby Dam went into operation in 1903, it wasn't

until January 1916 that flow records were kept for the
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Truckee Canal and the Truckee River below Derby Dame. The
calendar year 1917 for the Truckee River was not recorded.
The canal record has three obvious errors in June, July,
and August, 1917. In these three months the reported flow
exceeds the estimated capacity of the canal by two to three
times. For these three cases the appropriate average
monthly flow of the canal is computed from all the records
less these three months, 1In 1966 the USGS installed a new
gauge on the canal downstream from the Wadsworth spill,

and in 1969 the old head gauge was discontinued. The new

gauge has been used in this study for Truckee Canal flows

LS R

since 1966, because it is a more accurate measure of the
volume of exported water, The head gauge records shown
in Appendix C are on file at the Truckee-Carson Irrigation
District offices in Fallon, Nevada.

There is a problem in using the Truckee Canal data
because the quantity of water dumped back into the river
is unknown. This leads to double counting of the dumped
water when the Nixon flows are added to the Truckee Canal
flows. An attempt has been made to correct for the double
counting of the dumped water by subtracting the flows at the
Truckee River below Derby Dam gauge from the flows at the
Nixon gauge for each month that both records exist. Each
of the positive values represents a gain to the river in
the reach and is assumed to be caused by the dumping of the
Truckee Canal waters at the Wadsworth spill. Each of these

gains in this reach of the river has been subtracted from




33

the measured flow of the Truckee Canal and is hereafter
called the adjusted Truckee Canal flows. Since the smaller
losses in the reach of the river can be attributed to
consumptive use, they were not added pack $Ne

Truckee River flows at Farad, Vista, below Derby Dam,
and at Nixon from 1956 to present, as well as at the new
gauge on the Truckee Canal have been published in the USGS
Water Supply Papers 1314 and 1734 and in the USGS Stream

Flow Records for the State of Nevada.

7.3.5 River Flow Data Requirements ,

In order to use the flow records at Nixon or Derby Dam 1
in a regression analysis, all of the flow data must be in |
a form that eliminates the export of water through the
Truckee Canal. This is accomplished by adding the yearly
unad justed Truckee Canal flows to the yearly flows at Nixon
and Derby Dam, However, adjusted Truckee Canal flows can
only be added to Nixon flows. These flows, and the indices
of these flows, are called Nixon plus unadjusted Truckee
Canal, Derby plus unadjusted Truckee Canal, and Nixon plus
adjusted Truckee Canal flows, respectively. In this form
these three records reflect the total flow of the river
for each water year just as the Vista and Farad gauge
records do.

Figure 3 is a plot of all five sets of flow indices
plotted along with the Pine Nuts chronology. These five

flow patterns are nearly identical. The only significant
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difference is that high flows tend to increase down river.
This is expected, because there would be substantial

runoff from the normally dry tributaries to the Truckee

River below Reno during extremely wet years.
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7.4 TREE-RING INDICES, PRECIPITATION, AND RUNOFF

Correlation coefficients obtained for comparisons of
the tree rings to precipitation and runoff at various
locations are shown in Tables 3 and 4. These two tables
show clearly that the precipitation and runoff correlate
best with the Pine Nuts chronology and least with the
Hirschdale chronology. It would seem, at first glance,
that the Hirschdale and Skyline chronologies correlate
better and more consistently with runoff than they do

with precipitation. The numbers are misleading because ’

Mo = T

orographic effects cause substantial variation between the
five precipitation stations. On the other hand, the four
stream gauges show almost no variation because the bulk of
the runoff originates upstream from the highest gauge,

The differences in the correlation coefficient of :
streamflow and the three tree-ring chronologies reflects
how much better the Pine Nuts chronology is for reconstruct-—
ing streamflow and precipitation, than the other two
chronologies. The poor correlation of the Hirschdale
chronology would seem to result from the location of the
trees in the interior of the Carson Range where the amount
of precipitation, 15 inches, is more nearly sufficient to
prevent any severe water stress from affecting the trees,
The Skyline trees lie on the eastern flank of the Carson

Range where the rain shadow effect reduces the precipitation

to 10 inches and puts the Skyline trees under a somewhat
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TABLE 3
Precipitation Correlations, Present Study
Time Base; October-September, Water Year
Number Number
of of =

_Tree index Correlated with trees events unsmoothed
Hirschdale Reno 6 84 0.26

" Tahoe City 6 63 0.45

u, Minden 6 59 0.22

i Truckee R.S. 6 39 0.31

o Boca 6 35 0.23
Skyline Reno 7 84 0.31 :

s Tahoe City 7 63 0.45 i

" Minden 7 59 0.47

p Truckee R.S. 7 39 0.39

M Boca 7 35 0.42
Pine Nuts Reno 9 84 0.60

i Tahoe City 9 63 0.68

» Minden 4 59 0.72

u Truckee R.S. 9 39 0.60

» Boca 9 35 0.66
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TABLE 4
Runoff Correlations, Present Study

Time Base; October-September, Water Year

Number Number

of of T
Tree Index Correlated with trees events unsmoothed
Hirschdale Nixon + UTCanl 6 44 0.49
" Nixon + ATCan 6 44 0.49
2 Derby + UTCan 6 54 0.48
u Vista 6 40 0.45
X Farad 6 73 0.47 e
Vil
Skyline Nixon + UTCan 7 bt 0.57 8
B Nixon + ATCan 7 &4 0.57 1
" Derby + UTCan.. 7 54 0.58 |
» Vista 7 40 0.55
" Farad 7 73 0.56
Pine Nuts Nixon + UTCan 9 44 0.65
N Nixon + ATCan 9 44 0.65
N Derby + UTCan 9 54 0.66
& Vista 9 40 0.63 '
¥ Farad 9 73 0.64 ilp

INtxon plus unadjusted Truckee Canal

2Nixon plus adjusted Truckee Canal |
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more severe water stress, The Pine Nut trees lie the
farthest east and consequenﬁly, receive the least precip-
itation, 5 inches, of the three sets. The strikingly
better correlations of the Pine Nuts chronology with both
streamflow and precipitation dictate that only the Pine
Nuts chronology will be used in the regression of tree-
rings to streamflow, described next. Inclusion of the
other two chronologies would only increase the random
error component of the reconstruction equation.

Table 4 indicates that at the accuracy justified
by the tree-~ring data, there is no difference between the
correlations of the tree-ring chronologies to the Nixon
plus unadjusted Truckee Canal or Nixon plus adjusted
Truckee Canal flows. Since the adjusted data represent
-he extreme case (subtracting all gains in the river from
Derby Dam to Nixon) no further refinement of the adjusted
data is warranted, and the unadjusted Truckee Canal data
will be used to develop the reconstructive equation.

It is convenient to note at this point that the
correlation coefficients between streamflow and tree-
ringé would probably be better if it were not for a
persistent error during high streamflow years. During
very wet years the trees tend to have near average growth
due, presumably, to the excess water "drowning" the trees
(although other environmental limits, such as temperature,
may also come into play). The most obvious case of this

occurred in 1890 when the precipitation at Reno was 220
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percent of normal, while the Pine Nut tree growth was only
100 percent (Figure 2). If the tree-ring indices could be
doubled to match the precipitation during that year, the

error would be reduced.




7.5 SIMPLE LINEAR REGRESSION

In order to use tree-ring indices to reconstruct the
flow of the Truckee River at Nixon, a linear regression was
used on the forty-four years of Nixon plus unadjusted Truckee
Canal flow indices (dependent variable) against the tree-ring
indices (independent variable) for the same period. Since
only one tree-ring variable was used in this study the princ-
iple component analysis procedure suggested by Stockton (1971)
was not considered necessary. The regression equation is

I,= 10.6296 + PNT_ (0.9255) (4)

where

It equals the synthetic flow index for the year t

PNT equals the Pine Nut tree-ring index for year t
To convert the synthetic index into a reconstructed flow in
acre feet per year, the index must be multiplied by the mean
of the Nixon plus unadjusted Truckee Canal flows, 506,570
acre feet per year.

Checking of the tree-ring streamflow equation was

accomplished by developing the regression equation over the

forty-four years of data at Nixon and testing it against the

seventy-three years of data at Farad. There is almost a 1:1

correlation between the historic flows at these stations.

A regression using all forty-four years (1929-1972) of
the observed Nixon plus unadjusted Truckee Canal flows
against the Pine Nut chronology yields a correlation coeffi-

cient of r=0.72. The correlation coefficient between the
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reconstructed Nixon plus unadjusted Truckee Canal flows and
the Farad flows for the period of 1900-1972 is 0.70. This
indicates that the reconstructed flows over the longer
period have similar variance to the calibration period and
thus, the regression equation is valid for tﬁe longer
period.

It must be noted that due to climatic cycles of short
to moderate length, the data used in the regression must
be representative of all of the cycles. In this case it
was found that a regression developed from the 1951-1972
Nixon plus unadjusted Truckee Canal data gave a much different
set of regression coefficients than the regression developed
from all forty-four years of data. However, if a regression
was developed from twenty-two years of data selected by using
every other year from the forty-four, the coefficients were
nearly the same as those from all forty-four years of data.
Thus, one must be aware that it is possible, in fact likely,
that the historic period is not fully representative of the
long term climatic cycles. The 450 years of tree-ring data
(Appendix A) used in this study shows that the historic period
is similar to the 1745 to 1904 period, and therefore, the
assumption that the historic period is representative of that

time interval is reasonable.




7.6 PYRAMID LAKE MODEL

The Truckee River empties into the closed basin of
Pyramid Lake. The only other inflow to the lake is from
small ungauged ephemeral streams and ground water inflow
from the surrounding mountains. Both are small compared
to the annual flow of the Truckee River, The three modes
of water loss from Pyramid Lake are 1) as overflow of
Pyramid Lake into Winnemucca Lake through Winnemucca
Slough when Pyramid Lake reaches an elevation of 3863 feet
or greaterj 2) division of the Truckee River on its delta
after gauging, but before it enters the lake, sending all
or part of its flow to Winnemucca Lake, usually for short
periods of time; 3) evaporation directly from the lake
which Harding (1962) has computed to be 4.02 vertical
feet per acre. Evaporation is by far the most important
factor,

Ignoring the fact that division of the Truckee River
‘ on its delta takes place (there is no way to include this
unrecorded, random phenomanon ), Pyramid Lake is for all
' practical purposes‘a non-leaky closed basin for 1zke sur-
face elevations below 3863 feet. This simplifies any outflow
equations and allows Harding's evaporation rates to be used
in conjunctibn with volume versus elevation, and surface area

versus elevation rating tables to develop an elevation

model based on inflow to the lake,

ha




7.6.1 Pyramid Lake Levels

Measured elevations of Pyramid Lake from 1869 -=1960
have been published in the U.S. Geological Survey's Water
Supply Paper summaries-1314 and 1734. Since 1960-they
have appeared in the USGS, Water Supplies for the State of
Nevada. All of the published elevations prior to October,

1955 are referenced to the 1929 datum for benchmark N-21

at elevation 3540.04 feet. The supplemental adjustment of

1956 places the elevation at 3940.29 feet to which all .
published lake elevations since October, 1955 have been
adjusted +0.25 feet to the 1956 datum.

Timing of observations of the level of the lake has
been rather gporadice. To bring these random observations
to the monthly time base of the Pyramid Lake model, the
observed elevations were plotted on year by day graph paper
and a smooth curve drawn through the points. The value for
middle of the month on this curve was used as the observed
elevation (Appendix D). When the time between observations
was longer than two or three months, interpolation was not
attempted. Prior to 1926 the observations were spotty,
and only in those cases where two or more observations were
relatively close together was interpolation attempted. For
many of these early observations the day of the month was
not recorded, and in six cases, the month of the year was
not even noted. In both situations, the observation was

placed in the middle of its period. This should be kept
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in mind when examining the errors in the lake model.
Interpolated elevations, as well as those placed in the
middle of their time period, are listed in Appendix D,

The smoothed lake elevation curves yielded some
interesting information on how fast the lake can rise.

For instance, in 1969 the lake rose 8.00 feet in five
months for an increase in volume of 870,000 acre feet.
Only during the times when the lake's elevation rises
rapidly does the interpolation of the lake elevations be-
come important. 1In this case there would have been an
0.85 foot error in the elevation assigned to each of these
five months without the interpolations. The recession of
the lake through summer and fall plots as a very uniform
event. The rate of fall of the lake's elevation is nearly
always the same, indicating that summer and fall Truckee
River inflows, as well as evaporation rates, are nearly
always the same.

A review of the 1844-1960 lake elevations, which
includes some reconstructed lake elevations from old
records, has been published by S.T. Harding (1965). It
is assumed here that all of Harding'é elevations are
relative to the 1929 datum and are adjusted accordingly.

A brief review of Harding's discussion of the observations
should give a feel for the quality of each.

In January of 1844, John C. Fremont traveled down
the east side of Pyramid Lake. He noted in his diary that

"by marks of the waterline along the shores, the spring




level is about 12 feet above the present water". The
waterline he referred to is the white line which has

been caused by recent tuffa deposits and/or mechanical
scouring of the older tuffa deposits when the lake stood
at those elevations. According to Harding this places the
lake elevation at 3860.8 feet. Fremont's report contains
a high quality sketch of Pyramid Island and the adjacent
inshore rocks. Harding (1965) took the sketch to the
island and identified the waterline on the rocks. By
surveying this waterline on the rocks he determined,
independently, the elevation to have been 3860.8 feet.

The Surveyor General of California in 1856, described
his trip down the Truckee River to Pyramid Lake. Harding
interprets his description of the division of the Truckee
on its delta, with flow into both lakes to mean that Pyramid
Lake was at 3860 feet in 1856,

In 1867 and 1871 the King survey (1878) passed by
Pyramid Lake. On one of these two occasion a photograph
was taken of Pyramid Island and the inshore rocks., Harding
as well as Hardman and Venstrom (1941) had determined the
elevation of the lake in the photograph to be 3876 feet.
The King report states that the lake rose nine feet between
1867 and 1871. Based on other indirect evidence Harding,
as well as Hardman and Venstrom, have concluded that the
picture was taken in 1871, making the 1867 elevation 3867 feet,
and the 1871 elevation, 3876 feet. The USGS Water Supply

Paper 1314 lists these elevations at some nine feet higher




on the basis of the photo being taken in 1869. The USGS
recently has published a revision stating that the lake
could have been at the lower elevation.

Russell (1885) extensively surveyed the lake and took
several photographs of the rocks. Harding interprets these
photos to give an average elevation of 3867.2 feet during
the time Russell worked in the area. Harding also notes
that Russell reported a specific elevation for September 9,
1882 which, after allowing for the change in datum,
becomes 3867.02 feet.

Harding (1965) gives elevations for 1889 and 1890
that were determined from rocks that Sutcliffe, who was an
early settler in the area, said were covered by the rising
lake from 1889 to 1890. The elevation difference was
estimated at 17 feet after the water had again receded.
This apparent 17 foot rise in the lake was during the very
wet winter of 1889-1890. Harding (1965) also notes that
Mud Slough was closed during much of this period by a brush
and rock dam maintained by the Indian Service. This would
substantially contribute to this very large change in
elevation. Thus, in 1889 and 1890, the elevations were
3861 feet and 3878 feet respectively.

The 1890 elevation is substantiated by the U.S.
Geological Survey's 1894 Wadsworth topographic map

(topography done in 1890) which shows the elevation of

Pyramid Lake as 3880 feet. This reduces to 3876 feet when

Since

the -3.93 feet is allowed for the change in datum.




the USGS probably surveyed the lake's elevation, their
elevation will be used for the 1890 observation.

The USGS Water Supply Paper 1314 shows an elevation
of 3878.2 feet for 1891, There is no explanation of who
made this observation by either the USGS or Harding. Hard-
ing does attribute the 1904 elevation at 3861 feet to the
U.S. Bureau of Reclamation., Presumably, this was a surveyed
elevation,.

7.6.2 Harding's Evaporation Rates

Harding (1962) calculated monthly evaporation rates
for Pyramid Lake as shown in Table 5, To do this he used
the monthly recorded inflow to Pyramid Lake (1928-1960),
the precipitation records at Nixon (1928-1953), or
Lahontan Dam precipitation records when the Nixon records
were not available (1954-1960), as well as rating curves
for elevation versus volume and elevation versus surface
area, developed by Russell in 1882 (Figure 4). To derive
monthly evaporation, Harding first plotted available lake
elevations and drew a smoothed curve through the data.
From the curve he used the elevation for the first of
each month, then calculated evaporation in feet per acre
of surface area for each month that records were avail-
able during the years 1928 through 1960. He averaged each
month's evaporation for all of the years to get monthly
means'and totaled the means for the yearly average. These

means are shown in Table 5, together with the average
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precipitation for thirty-four years of record at Nixon.
Before inclusion in the Pyramid Lake model, the average
precipitation has been subtracted from the average evapor-
ation to be consistent with Harding's development of the
evaporation rates.

It should be recognized that Harding's method incorpo-
rates all unmeasured ground and surface water into the evapo-
ration. This is a small error, when compared to flows of the
Truckee River.

7.6.3 USGS Rating Curves i

In 1968, the USGS conducted a bathometric survey by
sounding Pyramid Lake on a one mile grid with sonar. They
also surveyed each line onto the shores to an elevation of
3880 feet. From these data, rating tables of volume and sur-
face area versus lake elevation were constructed and publish-
ed, together with the bathometric map (Hydrologic Atlas HA-
379, map L-6, State Engineer's Office, Carson City, Nevada).
A plot of these data, as shown in Figure 4, is similar to
the rating curve made by Russell in 1882 and used by Harding
(1962). Fortunately, the two area curves nearly coincide
for elevations between 3750 and 3850 feet. This range
of elevation over which Pyramid Lake fluctuated between
1928 and 1960, the years used by Harding. The area curve
was the critical curve for Harding's determination
of volume of water evaporated per acre of surface area. If

the curves had been as far apart in that elevation zone,




as they are for lower elevations, Harding's evaporation
rates would have been considerably less accurate. For

the model in this study, a series of fifteen linear
equations, joined end to end, were developed to approximate
the rating curves. The sixteen segments were chosen so that
the shortest segments occurred at the zones of greates
curvature and the longest segments, where the curves were
nearly straight.

7.6.4 Winnemucca Slough Overflow

Overflow from Pyramid Lake is handled as a function
of lake elevation. Hardman and Venstrom (1941) surveyed
the ground elevation around Winnemucca Slough and found
the elevation of the slough, where it leaves the Truckee
River, to be 3863 feet (3863.25, 1956 datum). The slope
of the slough was found to be eight feet in 4.5 miles.

A typical cross section of the slough, about two
miles down stream of the bifurcation, was measured during
this study and is shown in Figure 5. The present channel
shows a little natural deterioration since the last reported
flow in 1937. The bottom of the essentially rectangular
channel is nearly flat and shows no evidence of wind blown
siltation, and only minor fluvitile deposition. Thus,
the channel has remained essentially clear for the last
thirty-eight years. Harding (1965, p. 102) however, notes

that the Gibson report to the Indian Service in 1888
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mentions "cutting" to six feet in Mud Slough, but he also

says the slough has a rock bottom in places which should
prevent any downcutting. Apparently, there have been times
between overflow episodes when the channel has been back-
filled, perhaps by a sand dune.

The highest elevation the water has reached in the

outflow channel is known, because Hardman and Venstrom

(1941) found '"the highest recent elevation of Pyramid Lake"

to be less than 3879 feet.
To account for any overflow from Pyramid Lake to

Winnemucca Lake a typical cross-section of the channel was

converted into a series of geometric shapes (Figure 5)
so that the cross-section of flow can be computed for use

in Manning's equation:

A=(1.49)(Y)(£)(R)(1/s)(1.98)(30) (5)

where
A equals flow in acre feet/year

cross—-sectional area of flow in feet

Y equals

f equals Manning's friction factor (1.49) for medium
sand

R equals wetted perameter along the banks in feet

s equals slope of the channel in feet/feet (8:23760)

1.98 equals conversion from cubic feet per second to

acre~feet/day

30 equals days per month

There have been many instances when the Truckee River




divides on its delta, but this cannot be incorporated

into the model because the timing and volume of these flows
are not known, except for a short period between 1903 and
1905 when a gauge was maintained on the slough.
Hardman and Venstrom (1941) and Harding (1965) note
that the Federal Government's Indian Service had a rock
and brush dam placed across Winnemucca Slough in 1888 or
1889. This effectively cut off Winnemucca Lake until some
time after February, 1891 when the Nevada Legislature
complained to Congress. The dam was not maintained after .
this time and eventually became ineffective. This may
have caused higher than normal Pyramid Lake levels for the
years of 1890 and 1891, and perhaps several more., For this

reason, the model disallows flow through the slough in

1890 and 1891.

7.6.5 Time Base of the Model

Inclusion of the overflow term necessitates building

| the model to work on a monthly basis in order to limit the
error in calculating the Winnemucca Slough overflows. The
base period of one year, dictated by the tree-rings, is too
long because the volume of water overflowed is a function
of the average elevation of the lake over the time period.

7.6.6 Yearly Flows Distributed to Months

Since the time base of the tree-ring flow equation is
one year, it is necessary to distribute the yearly tree-ring

generated flow of the river over the twelve month period

__
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(Table 6). This is done by multiplying the reconstructed
yearly flow by each month's average percentage of the annual
flow. The month's average percentage of the annual flow

was determined from the thirty-six years of flow records

at Vista.

The process of breaking the reconstructed yearly flows
into monthly flows using the average flow percentages can
create errors in some months if the distribution of the
flows for a particular year does not match the average
hydrograph used in the program. This was found to give
only a slight discrepancy between Pyramid Lake model runs
using as input the monthly observed flows at Nixon and
runs redistribdting the yearly total of the same monthly
flows via the average flow percentages.

7.6.7 Truckee Canal Flows

In order to use one regression equation to predict
flows before and after 1903 (when the canal went into
operation) it is necessary to subtract the monthly ob-
served Truckee Canal flows during the 1903-1972 period.
Unfortunately, from 1903-1917 no calculations can be made
because Truckee Canal flow was not recorded. Prior to
1903 the reconstructed flows need no adjustment. Thus,
for the years 1917-1972, the monthly observed Truckee Canal
flows are subtracted from the product of the tree-ring
generated Nixon plus unadjusted Truckee Canal flows and

the distribution percentages to convert the yearly flows




TABLE 6

Decimal percentages of the yearly flow at Nixon (Mixon plus
Truckee Canal). Determined from 4k years of data.

oCT
NOV
DEC
JAN
FEB
MAR
APR
MAY
JUN
JUL
AUG
SEP

YEARLY
TOTAL 1.

.0436
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.0784
. 0867
.0924
L1494
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L1181
. 0407
.0304
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to the appropriate months.

TabeB Seed Values

To make the first calculation of the lake level the
model 1s started on a month with a known lake elevation.
This elevation is the "seed value". Prior to 1926, the
observed elevations are spotty and often only the month
or even the year of the observation is known. This creates
a problem because once the model is started with an error
this error will grow larger throughout the run.

To start the model in mid water-year, for instance,
January 1844, the seed values for volume and area at that
elevation must be calculated by the linear equations in
the program that approximate the rating curves and inserted
as the seed values for October 1844, The gain in volume to
the lake can then be internally set equal to zero fcor the
intervening months between the first month of the water
year and the month for which the elevation is known. By
setting the gain in volume equal to zero, all internal
calculations of evaporation and overflow are nullified.

If the seaed value for volume and area are calculated from
the USGS rating curves rather than the linear equations
that approximate the rating curves, the model will calcu-
late a different final area each time the gain 1s set
equal to zero. This will give a slightly different
elevation from that which would be calculated by using the

red.

e

linear equations cover the period when zero change is des
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To run the model from 1844 to 1903, when the Truckee
Canal began operation, it was decided for convenience to
run to 1904 when an observed elevation was available., The
error introduced by not removing the 1903-1904 Truckee Canal
flows is thought to be small, because the canal was apparent-
ly not operated at full capacity for the first several
years.

7.6.9 The Program

The model is a straight forward monthly calculation
of a new volume contained in the lake based upon the amount
of inflow to the lake, less the evaporation and overflow
(See flow chart and discussion Appendix F). This final
volume is used to calculate the surface area and lake

elevation that correspond to that volume., The final

volume, area, and elevation from one step become the initial

values for the next step. The evaporation is calculated
as a function of the average surface area of each step
and the overflow is a function of the average elevation
for each step (See Appendix F for a further discussion of
this point).

7.6.10 Instability in the Model

The Pyramid Lake Model is capable of giving the same
artificial elevations when it is run both forward and back-
ward in time, provided that the seed values for the reverse
run are the final calculated values from the forward run.

If the model is run forward in time, starting from a known
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elevation, it will probably produce an elevation at the end
of the run which is near, but not exactly the known eleva-
tion on that date (as is expected). Running the model
backward in time, starting from what was the ending
observed elevation (which is different from the last
calculated elevation of the forward run) the model will
continue to deviate in the direction of the original
difference, and the deviation will get larger. This
problem arises from the calculation of the evaporation

and the volume of water overflowed, both of which are a
function of the initial and final volumes in the lake.

The model tends to be self-correcting when it is run forward
in time because both the evaporation and overflow are
abstractive components of the change in volume equation.
Let us assume, as an example, that during the course of

the forward calculations the reconstructed lake has

become slightly too large in comparison to the actual lake
in a given time step. Under this situation both the evapor-
ation and overflow tend to take more water out of the lake,
because the surface area is larger and elevation is higher.
This tends to lower the lake for the next time step which
correctsthe error. Now, let us use the same example during
a run backwards in time, when the evaporation and overflow
are additive components of the change in volume equation.
The slightly larger lake has a larger surface area and

elevation which results again in an increase in evaporation

these components

and overflow. In this instance, however,
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make the lake larger in the next time step. Thus, the error
tends to get worse rather than better, as in the forward
case.

This lack of stability prevents using the model to
go backwards in time with any reliability, particularly
when the lake is overflowing through Winnemucca Slough.
It is possible however, to start the model prior to 1844
by assuming successive elevations until a fit with little
deviation from the data in the 1844-1904 time span 1is

cbtained.,




7.6.11 Observed Truckee River Flows as Input

The Pyramid Lake Model was validated using the forty-
four years of observed monthly flows at Nixon. These data
are completely independent of the tree-ring information,
and as such, test the program's ability to reproduce lake
levels.

It was found when using Harding's (1962) evaporation
rates in the model that a plot of the observed elevations
and calculated elevations had slight but distinctly diff-
erent slopes over the forty-four years. By trial and error,
it was found that the October, November, December, July,
August, and September evaporation rates could be adjusted
-0.01 feet per acre to eliminate the divergence (see ad-
justed factors in Table 5). These adjustments to Harding's
evaporation rates are done simply to correct this apparent
discrepancy in the model. This discrepancy could just as
well be in another section of the model. It is not known
that Harding's evaporation rates are in error, but they are
suspect because of his use of Russell's less accurate 1882
curve . It should be noted that Harding's evaporation rates
do work very well and are still a good approximation to the
evaporation from Pyramid Lake despite these slight changes.

A plot of the synthetic and observed elevations as
shown (Figure 6) indicates a generally good reproduction of
the lake levels with a maximum deviation of three feet

over a gross change in lake level of sixty feet. Figure 6

L
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shows that the calculated elevation is consistently above
the observed elevation. This appears to be caused by starting
the model with the October, 1929 (October, 1928 calendar
year) observed elevation. This observation is one of
those for which the day of the month was not recorded.
If a seed elevation one or two feet lower were used
to start the model in October, 1929, the two curves
shown in Figure 6 would overlie one another better.

The period from 1934 to 1942 shows a noticeable
above average error. This error is possibly caused by
Harding's average evaporation rates not representing the
actual evaporation during a period of abnormal evaporation.
It is also possible that there were substantial gauge errors
in the Nixon flows during that period.

7.6.12 Tree-Ring Reconstructed Truckee River Flows

As Input

t6.12. 119171972

Figure 7 shows calculated lake elevations based upon
the Pine Nuts tree-ring chronology and the observed elevations.
In order to reconstruct the flows at Nixon, the observed
Truckee Canal flows were subtracted from the reconstructed
Nixon plus unadjusted Truckee Canal flows for the period of
1917-1972. The lack of recorded Truckee Canal flows
from 1903 to 1917 prevents running the model in that
period. Prior to 1903, the model can be operated with

just the reconstructed flows because the Truckee Canal did
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not exist.

A comparison of Figures 6 and 7 shows that the tree-
ring reconstructed elevations (Figure 7) have a larger
deviation than the deviation in the elevations calculated
from the observed Nixon inflows (Figure 6). The increased
maximum deviation of 15 feet over a 75 foot gross change in
elevation is approximately the maximum deviation that can
be expected in any individual tree-ring reconstructed
elevation. This deviation arises from the inaccuracies of
using tree-rings to reconstruct streamflow. A portion of this :
deviation, as discussed earlier, is the systematic error
occurring because the tree-rings do not reflect high
streamflows occurring in wet years.

It is reasonable to ask in the light of such deviation
in the reconstructed inflow to the lake, why the calculated
elevations over a period of time continue to follow the
recorded lake elevations as shown in Figure 7. This ques-
tion can be addressed through the following example. Assume
the occurrence of a major flood event prior to 1904 when
the lake is at the spill point, such that the modeled and
known flows of the river as well as the lake fluctuations
can be compared. The flood would cause the lake to over-
flow in both the actual and modeled events, but the actual
lake surface would rise somewhat higher than the calculated
lake surface as a result of the tree-ring indices not
reflecting the high flows. Following the event, the actual

lake surface would recede faster than the calculated




because it has a larger surface area and cornsequently,
a larger volume of evaporation. More importantly, the

real lake, due to its higher elevation would have a larger
outflow cross-section through Winnemucca Slough than the
modeled lake. Both of these larger extractions would

cause the real lake to fall more rapidly than the modeled
one, thus bringing the two to approximately the same
elevation, Similarly, for long droughts, which bring the
lake below the spill point, the modeled and real lakes will
tend to merge. It does not matter in this caée whether

the real or modeled lake is lower in elevationj; the lower
of the two will have a smaller volume evaporated each month
relative to the other, which will bring them together again.
Even with these errors between the calculated and actual
lake levels it should be noted that Figure 8 shows that the
model is capable of following the actual lake elevations
throughout its 78 foot decline, even when eleven years

more inflow is modeled than the tree~ring streamflow

equation was built upon.

7.6012.2 1844-1904

The nine observed elevations (Table 7) during the
period of 1844 to 1904 have a range of elevation of 18
feet. Although these are widely scattered points they
give some feeling for the maximun range of elevation for
the actual lake. The modeled lake (Table 7) over this

same period has a maximum elevation fluctuation of slightly
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TABLE_l

Comparison of the reconstructed elevation and observed elevations
1844 to 1904, The reconstructed elevations are the average of the

12 monthly values. The observed are single observations.

Recon- Recon-

structed Observed structed Observed
Date Elevation Elevation Difference Date Elevation FElevation Difference

1844 3860.54 3860.75%  -.21 1874 3866.98 -0 -0
1845 3859.81 -0 -0 1875 3868.41 -0 -0
1846 13859.35 -0 -0 1876 3870.08 -0 -0
1847 3859.48 -0 -0 1877 3870.69 -0 -0
1848 3860.76 -0 -0 1878 3870.81 -0 -0
1849 3861.70 -0 -0 1879 3870.26 -0 -0
1850 3862.75 -0 -0 1830 3869.94 -0 -0
1851 3863.04 -0 -0 L1881 3869.87 -0 -0
1852 3863.67 -0 -0 1882 3870.20 3867.15 3.05
1853 3865.57 -0 -0 1883 3869.58 -0 -0
1854 13867.07 -0 -0 1884 3869.64 -0 -0
1855 3867.86 -0 -0 1885 3869.69 -0 -0
1856 3866.68 3860.251 6.43 1886 13869.39 -0 -0
1857 3865.19 -0 -0 1887 3869.09 -0 -0
1858 3863.61 -0 -0 1888 3868.05 -0 -0
1859 3861.54 -0 -0 1889 3866.46 3861.071 5.39
1860 3860.89 -0 -0 1890 3865.98 3876.07% -10.09
1861 3861.09 -0 1891 3867.11 3878.151 -11.04
1862 3861.75 -0 -0 1892 3868.09 -0 -0
1863 13862.52 -0 -0 1893 3868.41 -0 -0
1864 3862.19 -0 -0 1894 3868.54 -0 -0
1865 3862.06 -0 -0 1895 3868.65 -0 -0
1866 3862.64 =0 -0 1896 3868.52 =0 -0
1867 3863.71 3867.25%  -3.54 1897 3868.07 -0 -0
1868 3865.55 -0 -0 1898 3866.93 -0 -0
1869 13866.71 -0 -0 1899 3864.94 -0 i
1870 3866.37 -0 -0 1900 3863.91 -0 -0
1871 _3865.11+ .3876.25- » 510:96 1901  3864.58 -0 -0
1872 3865.29 =0 -0 1902 3864.83 -0 -0
1873 3866.36 -0 -0 1903 3864.60 -0 -0
1904 3864.77 3862.07 2.70

1 The month of the year when the observation was taken is not known.

2 The day of the month when the observation was taken is not known.




63

more than eleven feet. The probable reasons for this
reduced range of fluctuation of the modeled lake has been
discussed previously. The maximum range of the difference
between the calculated and the nine observed elevations
(Table 7) is a little more than seventeen feet. This
range of deviation, although poorly documented due to few
data points, gives some feel for the error that can be
expected.

This similarity of the magnitude of the deviation in the
tree-ring calculated lake levels and the overall change in
the reai lake level is expected for several reasons. The
deviation of 7 feet is about the same in this time period,
using tree-ring inflows only, as the 15 foot range of error
found in the 1917 to 1972 period using the reconstructed
Nixon minus Truckee Canal flows. This suggests that there
is no fundamental difference in the quality of the data.

In addition, two lines of evidence point towards Pyramid
Lake having its mean elevation under the prevailing climatic
conditions near thé spill point. First, Winnemucca Lake

is known to have had water in it several times prior to
1904. It is not known though, whether the water came from
overflow of Pyramid Lake or bifurcation of the Truckee
River. The apparently large fluctuations in surface area,
and therefore volume, of Winnemucca Lake noted by Hardman
and Venstrom (1941), and Harding (1965), would suggest

that Winnemucca inflows are sporadic Pyramid Lake over-

flow events. Therefore, if overflow were occurring, even
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occasionally, Pyramid Lake must have been close enough to
the spill point to allow the flood water to spill. Secondly,
the upper limit of Pyramid's elevation was well established
by the rapidly increasing cross-sectional area for outflow.
This had kept the lake from rising above 3879 feet according
to Hardman and Venstrom (1941). Conversely, the volumes
of water that Truckee Canal has prevented from reaching
Pyramid Lake (Appendix C), and the resulting drop in
elevations (Appendix D), suggest the magnitude and time
duration of a drought that would be necessary to drop the
lake ten or fifteen feet below the spill elevation.

In short, Winnemucca Lake would have to be filled
before Pyramid Lake could rise to an elevation of 3879 feet
and a very long and severe drought would be necessary to

lower the lake substantially below the spill point. This

4

suggests reasonable limits of perhaps 25 to 30 feet as the

L

maximum range in fluctuation that Pyramid Lake would have

had prior to the opening of the Truckee Canal in 1903,

and that its mean elevation was near the spill point
elevation. The tree-ring information used in this report
sheds some light on the time-frame over which these limits
apply. The tree-ring data for the three chronologies do

not show any long term changes in their growth patterns

from 1745 to 1972 which suggests that the climate has
remained fairly stable for that period. Assuming this to

be true the range of elevations and the mean elevation of the

lake would apply to this period also. Between 1742 and the
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end of the last ice age they may apoly also, but this can

not be said with certainty.

7.6.12.3 1745~1904

Under the assumption that the tree-ring streamflow
equation is valid prior to 1900, the lake model can be used
to test the 1745 to 1904 period for the probable range of
lake levels that will keep the computed lake surface
within the bounds of the known data between 1844 and 1904.
The model can be started in 1745 (the beginning of the
Pine Nuts chronology) using various seed values and run
forward in time.

Figure 8 shows three runs using a spill elevation of
3863 feet and seed elevations of 3893 feet, 3863 feet,
and 3823 feet. The middle trace on Figure &8 used a seed
elevation egual to the spill elevation. This can be
considered a baseline case that shows an overall fluct-
uation of sixteen feet from 1745 to 1904. This fluct-
uation is about the same as the observed range in
elevation from 1844 to 1904. The highest trace on Figure
8 represents a run using 3893 feet as a seed elevation
for 1745. This clearly shows the rapid discharge of the
thirty vertical feet of excess water in Pyramid Lake.
When overflowing ceases, the lake levels merge with the
baseline case. Without some provision in the model for
filling Winnemucca Lake, any higher seed elevation would

be pointless. Thus, the 3879 feet noted by Hardman and
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Venstrom (1941) can be taken as the highest the lake
could have reached. The lowest line on Figure 8 represents
a seed elevation of 3823 feet, t is obvious that again
the lake level is merging with the baseline curve, except
that in this instance, it is controlled by the reduced vol-
ume of evaporation. It is interesting to note how much more
slowly evaporation modifies the lake than the outflow

of a similar volume of water. Seven other runs were made
using seed elevations between 3893 and 3823 feet., Each of
these seven runs have their point of intersection with the
baseline case progressively closer to 1745 and lie between
the baseline case and their respective extreme case.

The tree-ring record for the Hirschdale and Skyline
chronologies (Appendix A) shows a moderate drought occurred
from 1705 to 1741, This would likely have held the lake
below the spill elevation in 1745, but probably not as low
as forty feet below the spill. To lower the level of the
lake forty feet below the spill elevation would reguire a
drought that reduced the flow of the river by an amount
that approaches the flow of water exported through the Truckee
Canal. The 1705 to 1741 drought does not appear to be
of that order of magnitude.

It is apparent from this analysis that the mean eleva-
tion must be between 3879 and 3823 feet to be able to
reproduce the observed lake fluctuations between 1844 and
1904. Since these are the extreme cases, it is more likely

that the mean elevation is closer to 3863 feet than either
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extreme. Thus, the model, despite its inaccuracies on a
short term basis, confirms that Pyramid Lake has its mean
elevation near the spill point elevation of 3863 feet due

to the physical-evaporative constraints upon the lake.
Furthermore, the modeling suggests that during the 1745 to
1904 period, the lake had a limited range of fluctuations of
sixteen feet. It is likely, though, that this range should

be twenty-five to fifty percent greater (20 to 24 feet),

due to the inability of the model to reproduce the high river

flows.
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8.0 . SUMMARY AND CONCLUSIONS

The methodology used in the conversion of tree-rings

from drought sensitive trees into indices of streamflow

=y

have been presented by Schulman (1945b), Stockton (1971),

and others. The trees

~

1sed in this report are nine

Pinus monophylla (Pinyon pine) from an elevation of 4300

feet in the Pine Nut Range east o

Fh

Gardnerville, Nevada.

For this study, the indices of streamflow were computed

for the Nixon plus Truckee Canal flows. These flows
represent virtually all of the water in the Truckee River

as it would have been prior to the construction of the
Truckee Canal. A regression equation was developed between
the tree-rings and the Nixon plus Truckee Canal flows.

In this form the regression eguation can be used to estimate

the flow history of the river. The regression equation was

o)

erived from forty-four years of data at the Nixon gauge and
tested against seventy-two years of streamflow records at
the Farad gauge, upstream. The correlation coefficient
between the reconstructed flows at Nixon and 1it's historic
flows is r=0.72, while the correlation coefficient between
the reconstructed flows at Fa;ad and it's historic flows is
r=0.70 for the longer period. This demonstrates that the
regression equation is wvalid over the longer period.

A computer model of Pyramid Lake was buillt that uses
as input, the inflow of the Truckee River to the lake at

the Nixon gauge and computes the new elevation of the lake
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after accounting for evaporation and outflow. The model

was tested by using historical river inflows as input

and comparing the calculated and observed elevations from
1929-1972. The model estimated the lake elevations to
within three feet of the actual lake over a total lake

level decline of sixty feet. When the tree-ring regression
equation was coupled to the model the deviation increased to
fifteen over a seventy-eight foot decline during the period
of 1917 to 1972. 1t is apparent that the use of tree-rings
to reconstruct streamflow has its limitations, but that this
type of data can be useful as an approximation to otherwise
unobtainable information on streamflow prior to the written
records.

Running the model from 1844 to 1904 allowed the
calculated elevation to be checked against nine widely
scattered observations of the lake's elevation. The range
in elevation of the actual lake is eighteen feet, while the
modeled lake fluctuated eleven feet. The maximum range of
the difference between the calculated and the nine observed
elevations is a little more than seventeen feet. This
range of deviation, although poorly documented due to the
small number of points, is about the same as found for the
1917-1972 data, but during the 1844-1904 period the lake
did not experience the 68 foot decline of the 1917-1972 period.
Thus, similarity of the deviation and the total fluctuation
of Pyramid Lake is largely a function of the stability of

the lake. It is likely that this limited fluctuation of
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of Pyramid Lake 1s caused by the physical evaporational
environment of the lake. For instance, whenever the lake.
is above the spill point elevation of 3863.25 feet, water

is discharged into Winnemucca Lake through Winnemucca Slough.
This process has effectively kept the lake from rising

above the 3879 level since the last time Winnemucca Lake was
filled. (Although it is not known when this last occurred,
the tree-ring growth data suggest that this was at least 450
years ago). Secondly, whenever the lake level drops below
the spill elevation the overflow is stopped and evaporation
becomes the only extraction. Assuming that the mean long
term climatic conditions remain the same, any short term
drought has a limited ability to lower the lake's surface,
because as the lake level drops the volume of evaporation

is reduced. Therefore, the lake stays near its spill point
elevation as long as the mean long term climatic conditions
remain the same.

It is possible through the use of the climatic inform-
ation correlated to the tree-ring record and the lake level
model to reconstruct the long term trend in the elevation
of Pyramid Lake and see the approximate location of the mean
elevation of the lake under the prevailing climatic condi-
tions.

Running the model forward in time_from 1745 (the

beginning of the Pine-Nuts tree-ring chronology) using

various seed elevations, demonstrated that any seed eleva-

tion above the spill point elevation very rapidly converges
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| on the case where the model was started at the spill elevation.
Seed values below the spill point converge more slowly.

| Starting the model in 1745 from an elevation forty feet below
| the spill elevation only causes a slight disturbance in the
1844-1904 period. Since it is known that Winnemucca Lake
received inflows from Pyramid Lake and/or the Truckee River
in this later period, it is unlikely that any lower seed
elevation could be used in 1745 and have the model stay
within the bounds of the known data. Furthermore, if the
lake had been strongly depressed in 1745, there should have
been a severe drought prior to then. The Skyline and
Hirschdale tree-ring data (Appendix A) show a moderately
severe drought from 1705 to 1741 which would have had the
lake's elevation relatively low in 1745, but it is not
likely that it was as much as forty feet below the spill

way elevation. Thus, the equilibrium elevation must be

near or slightly below the spill point elevation of 3863
feet. The lake model shows the lake as having a maximum
range in elevation of sixteen feet. However, due to the
inability of the model to reproduce high flows, this could
be twenty-five to fifty percent larger. The model can

not reconstruct a discreet event, particularly a flood
event, but over an extended period of time the model gives

a reasonably good approximation to the hydrograph of Pyramid

| Lake.

&
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APPENDIX A

[NOICES OF GROWTH FOR THE PIME-=NUT TREE-RING
CHRONGULLUGY

DATE 0O 1 2 3 4 5 6 7 8 9

1970 114+ T11l. " T4

1960 5206 s~ TE3: 1607 106s 1216 1065 Ve G5B 1iTe
1950 65« 83« 1225 104s T0s. 22801560 100, 156 80
194C 112. B84. 146. 155 80. 140. 110. 9S2+ 20. 96.
1930 OS5le 59« BY9. ' 58« 57, S2. 1035 990l  Bl.
1920 48. ,95. 115 130. 35 1035 5l Il8ewgsiy . 924
1910 1l1l. 118. 70, 193 139 125: 132. 1442 105: 95.
1900 9le 129s 19 935 103s 81, 805 L40s 12 o X403
18490 107s 1385 1185 114. 110s 1135  98. 895,53, 26%
188C 128. 1l4. l48. (ile 15Fs. F&. E1S,. 95— bh 4.
1870 7Tle. 50+ 191+ 1204 137 1T)1. 163. 1X3T501390 96,
1860 99 9l 123% dU3s H8. LEHS LGGES135e 159, 112<
150 13Z4s 0= 14ie 158 }3Z2e 22, 0 230 Silno0s 346
Ig40 122e 62« 1065 BSils 30 S$5s 5SBs =b243 130 1064
1830 128, 55 138s 1lbe DHia 4305 635 eida 2l6s Li0s
182G 79 60s 32a ITs 506 122, 134 10651460, 56
1810 11Ts 148, 1LOT. 107. T8a YB3s" SGenlWla™Bla 117e
180€ 89. 139. 104. 1ll4. 151. 99. 119. &86. 8B3. 88.
L7900 Y10 85e 132, 93a 59s 20. 427125 .110. 15%.
1780 68s 89 13s 10 Bla 1055 930 12865 57 1594
YITC 99. 1158s 84 9¥s 19s 101 "405-w38s 535 59
1760 149. 1225 B89 Hb6e  TBe 5%e  BY9s LUIEC 10151330
1750 102+ 319. 125. 102. D0« 189 53c 053« F00=08%
174C Q. 0. J. Je B Lille 20%T. 3764 89. 126.
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APPENDIX A CONTINUED

INDICES OF GROWTH FOR THE SKYLINE TREE-=RING
CHRONOLOGY

1976 1l12.-116. 86.

1960, 6533, 0. 121% T8s 118. 622 97. 91l.]149.
1950 86+ 131. 145. 140." 103 €2. 122. '102. 149. @ 83,
1940 134+ LOf= %585 2386 174s 20l 158.116. 38} 65,
1930 826 794 .89« 54s. 59« 34s 48, °50+4102:!10%.
1920, 92./8%, 89. 1978" 46s 89  Ibkr"92. 841542
1910 129. la1a, B88. 936 116a 115, 293% 99, k.| 103
1900 196+ 13%. 79. 383" 107, 8l. 102+ 159. 136.  164.
1390 4l. 69. 57« 103. 113. S8« 118. 127. 102. 54%.
188C 94%4. 115, 109, 68a 115. 1066s 106s 93ds Sfal 30
1870 93«  6l. 128 ddoe 101a 337 14T 106< 111518 39
1860 915121, 128 94L '59s 88s ligs 138. 1191132,
1850 1045 58, 109 .129% Y125. 1T lge=ssl, 101, 391 %3s
184601152 59a  B85. 4Bhs 3% T2o7505E 04. 1T858
18301345 82 173, 1596 Tile: 1I9-+585._ 9l. Ifb.} 8Y9.
1820 126. 108e¢ 4%« d5« 13+ 129« 1625, 120. 168, 90.
1810 170w 17J. 143+ 1196 101les I'l2« 105. 100. 1llls 138.
180C 75+«-1207Ts 81« 93, 108s 885132, 109, l24. 102
1790 161w 159, 178. 1355 54+ 23" '52%....0664 81la 106,
1780 118. 1l1l4. 47. 37, 1l17. 10%9. 117. 135. 77« 151.
1TT0 9N -Lke 68 835 Bés' F5% ks 13 '55s" 108,
1760 122+ 106s Tls 90 104a 4T 96 B5Hb. 9T ddDa
1750 115 119 163+ 132: 122¢ 11lle 68< 2 88e.. 9Ya'" 936
1740 64. 90. 145. 1C0. 121. 1€4. 158. 155. 1l18. 132,
1730. 91. 7T6. 10)s [Bhs 96 86 SlcEe95s "Tlle 58,
1720 109 13« 65« 82: 46, Tihassbhisy—ide T3 V3ls
1710 54, Tle 60 '6ls 35+ H4"RF2s (0« B4 O2e
1700 228+ 184¢ 182 LIDs 1266 S Ple-mlide 3T &Tatd 524
1690 184« 10le 97, 138. 137. 114« 165. 226. l46. 306.
i680 150. 169. 227. 235. 203. 212. 165. 166. 134« 150.
1676 42. 63+ 99 63. 9T 120s-168. 103 TTe1Z21l34
1660 80. 63 105. 155. 102+ 110. 19099 38. S0 %2
1650 123 Y19  T6a &he 20 A0 e b | 2%. B0s
164C Oa Ja 0. 0. 0. 0. 0. B 60 FL 03,
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APPENDIX A CONTINUEC

INDICES OF GRCWTH FOR THE HIBSCHDALE TREE-RING
CHRONGLOGY

BATE O 1 2 3 4 5 6 7 8 9

1970 131« 19%e 180.

1960 :86. 183. 130. 113s 114. 137. 195. 190 1if. léb.
1950 12k. 147, 128. 139 158. 111l. 127. 1464. 34le 108
1940 82+ 19%. 106« 93. 98. 102. .99« T2. 79. 104,
1938 93. T%. Tle 52, 150+ 161+ 695 168« T2= 119
1928 65. BT« 62 92. 18. 10’ 14  B8bs 93, 69.
1910 109¢ 100a 72« 94 12, B5¢ 10a 18, T 199
1900 133 1264 81+ %4. 106 50 1065 137« 109. 10%.
1898 81 9% 91e Al4s 121, 10T 317, 110, 1004« 895
1380 T2. B6.. Ths 558 96 LI0. Fiai B3a: /50 (66
1870 T4 ' %Te #9899 9T Bbe '5Ts  Oke 9% 1995 101.
186G 99 131s 76s  B4s B9 B35 10%s 95u 149 fiD:
1850 89« 14« L15s 127, 116s 1220 64 109, G6a | 62,
184G 108: 69. 105+ 100+, 55+ 116s  10. 68. 105. 122.
1830 109. 109. 156. 137. 118. 113. 127. 122. 138. 12l.
1820 102s. S5. 37« 87" T2+ 1102 131, 85. 150. - 62)
1810 137+ 146+ 100 92 84w 31lle 11Te 101 10%s 128
1800 8%« 102: 9L« 1064 L1Ts 104 9065 11%.0010, 430
I790 124« 129+ 131e NI 78L 352 68081, 82, 104
1780 113« 9% 10+ 69 97 118 137 94+ B0- 130
1770 T3. 9l ©92. 115, 139s 143. 58 /35. Tia 89
1760 101, 163, 153, 133+, 83+ 95. 115, 306+ 1165 125,
1750 119. 120% 1375 105. 10T. 115 67 00 199, 138,
1740 97s 9%« 139» 1115 12le 123. 333. 102+ BBy 157«
1730 . 83 82« 15 8%e 102+ 101ls 104.0107. 'S7e 113,
1726 Ole  68. &2+ Bls 19+ 972. 1. 9k 105058, J
171C 82. T4 .Bls " T6s R0.. 115:00100 10l &l 10
1700 140. 90. 115. 8l: 8l. B84s T5.  BZ2s T4. 88,
£690 115, 77+ 12Ls 12B. 32L. 133,129 129:#123. 137.
1680 Bhs -+ 98s 10%%  J0a F18s 492, . Ibe 95, STs . 84k
1670 80s Bl« 99 [13. 121« 965+ 8% T6.  80.. 82.
1668 129. 126+ 112. 151 119, 130. 1255 84« 123+ 85,
1650 115.5103« 128+ SBs- T4 . 254 Bhs 8le V6. BBs
164C 106. 167. 151+ 130+ 152+ 129. 93. 9%« 99, 134,
1836  55¢ The Tla 301, BT S6s 137 A28 127 .100-
1620 92« "65¢  64e 15, BEST G8.VIG5. TEL (9T 2B
1610 89, 96« 109 635 896, I20. 88. 122 113. 89,
1600 785 105. 121 102+ 100s 109 125.7 4. 102, 103.
1596 102. 128+ 91 BB 90a * Sts Nisemitle. 1 106
1580, - 5.  Slal. Bbe A% s T3 Nd2s  6BaMN. 101, 11 7s
1570 105« 0% 117- 1250130 90.% 5hu" 88. 1 66.. 39,




APPENDIX A

GROWTH
CHRCHCLOGY

FOR THE

CONTINUED

CONTINUED

HIRSCHDALE TR&E=—RING

DATE O 1

PO

3 & 5 6 7 8 9

1560 1649« 135. 105a 107« U574 13353155 128 Y27. 123,
1550 191+ 152s0103e 1425, 95. L11a Y21 e $25, 165; 182,
L3540 79+ 56e 554 VGBS 6le TTLe ) FOG. H145. L8N THAS
1530 93Ta 132s 49" 58, 10W. i05. 132, 13401415 1126
1523 99. b64%4. %< 86+ 113. 133. 89. 11%. 138. 110.
1510 92+ 15 95« 93a 145 88. 4T 925 63s 55,
150C Jde O. Ja Q. O. Os: 88% bl Tis 118s
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APPENDIX B

OBSERVED NIXOHN PLOWS. C{OBIC FEET PER SECOND.

DATE ocT NOV DEC JAN FEB MAR APR MAY JON JUL RUG SFP

1972 40680 B420 20270 33050 32390 45730 13605 13777 5794 1787 6U3R 3250
1971 7650 4700 35070 59610 51580 53150 45800 75880 103800 27710 14700 29260
1970 2900 2180 21210 128300 127300 90450 31447 1222R 16716 26604 4799 38 1R
1969 2860 2580 10430 79140 90570 135100 201800 212400 206400 25167 1650 2127
1958 25750 19170 27860 330130 51860 51410 13750 4180 3120 1606 3156 4090
1967 2246 2960 3620 9650 4410 67280 36310 191600 225800 72547 49a3 17290
1966 2522 17280 45340 - 361360 20040 129519 3717 2976 1602 1119 188 2019
1965 1990 2040 95140 73250 55450 35249 34500 B1470 29610 2434 18499 2792
1964 2630 3730 2230 1930 1520 12759 3180 4195 1682 160 1126 1626
1963 13648 2030 2510 4250 128600 B8990 10910 85510 55080 3300 2006 2520
1962 156 1140 1120 1140 2690 1529 18265 13045 700 225 A9 250
1961 1710 1730 1780 1390 1340 1380 h34 32A8 B 0 1420 111
1960 1450 1440 1560 1640 4580 2520 1386 2802 0 333 225 1019
1959 375 3580 2170 31680 34510 1840 1250 1610 1130 1280 1570 1780
1958 1012 2310 3220 2040 6350 45910 153218 261858 69302 1059 4a19 0
1 fr it | 1891 3208 3315 3315 8516 28302 3166 25027 1026 535 0 950
1956 261 8 61940 89282 65399 67906 71531 104102 107963 6789 111 156
195% 1976 2744 2517 307 277 w307 665 1120 1510 14130 1330 1030
1954 1489 2627 2509 21332 1663 758 ] 11018 14832 1624 172 1053 1327
1953 5061 6162 17463 36002 43613 6510 14268 52310 7576 1 19652 317 659
1952 1697 2435 9892 47001 113642 107207 211296 329630 178952 22352 187% R326
1951 2226 94788 198135 113236 64627 41232 11935 10211 5795 564 673 1301
1950 719 1247 1719 1608 1552 1719 20772 usD11 20119 6u7 0 970
1949 1453 1188 1630 1228 1109 1287 1556 5289 un7 Sif 513 un

1948 19438 1733 1535 1228 1148 1228 176R 4269 15826 297 0 176




APPENDIX B CONTINUED

DATE oCT yov DEC JAN FEB MAR APR MAY JUN JOL AUG SEP
1947 18918 10807 i fg P i 29379 11039 3122 1168 4651 578 0 311 847
1946 3297 6423 21521 24920 28740 18798 52488 49791 baouyy 588 327 1000 P
1945 1616 4378 2629 2184 13139 TT4 4 23690 67655 189219 1647 662 1436 1
1944 10452 9639 4283 2629 3789 300133 14927 7429 2610 909 616 584
1943 2726 8528 28207 94054 145201 137754 163675 85813 2991318 2515 1790 2079
1942 1536 9043 39117 57161 73260 45655 B6436 B6259 1135586 15198 111 1432
1941 3265 22R59 397701 . 36931 22715 3837 1727 33616 26851 1152 1158 774
1940 2107 2269 2299 huys 6158 492435 105999 88158 17790 T46 0 1208
1939 8710 28431 31159 14997 23200 257745 14165 1511 1247 0 0 582
1938 5055 2352 68177 11648 35000 55993 145433 2486135 142069 19396 1156 1899
193 3944 3128 2u79 3115 31726 37844 61414 u2847 HORS 0 0 0
1936 Tuy 2231 2059 3154 5914 16923 64831 SR669 23463 620 43n 2582
1935 1822 2101 1760 1665 1596 1402 4ons7 54167 20746 0 0 0
1934 618 2823 2968 2382 2121 5342 2831 214 1182 0 0 222
1933 944 2051 2045 1899 1899 2224 1186 3606 16810 186 0 0
o 1932 0 1148 1208 2039 1946 66775 26092 494n1 25597 386 0 0
1931 1701 1657 1597 1725 1018 224 174 46 0 0 111 0
1930 737 1225 5423 1523 1178 6697 19778 3546 550 n 0 131
1929 1897 1897 2570 8376 1695 1445 1045 1881 5103 0 0 0

OCTOBER 1928 - DECEMBER 1957 (CALENDAR YEARS), PLOW.S WERE MFASURED AT THE PYRRHTQ DAM GAUGING SITE BRY 3|
THE FEDERAL UATER MASTER, RENO, NEVADA, THESE RECORDS ARE ON FILE AT THAT OFFICE. 3

JANUARY 1958 TO PRESEXT, FLOWS WERE MREASURED AT THE USGS GAUGING STITE APPROXTIMATELY TWO MILES 0P
STREAM FROM THE OLD SITE. THESE RECORDS HAVE BERN ADJUSTED TO THE OLD STTE BY PEMOVING THE FLOW
OF THE BUREAU OF INDIAN AFFAIRS-NIXON DITCIl, WHYCH LIES INBETWREN,

THE 1955 RECORDS ARE INCOMPLETE SO THE DERBY DAM FLNOWS ARF USED INSTEAD.

16
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OCBSERVED TRUCK

CANAL FLOWS AT DERBY DAM HEAD GAUGE :

1917-1966., 1967-1972 FLOWS. AT TUNNEL NUMBER 3

NEAR WADSWOARMLT MRV AD CITRT FPEET BER oncnon
NEAR .:.1J.).aL}R_-.., NEVADA. CUBIC rEET PER SECOND




APPENDIX C

OBSERVED TRUCKEE CANAL FLOWS AT DERBY DAN HEAD GAUGE, 1917-1966. 1967-1972 FLOWS
AT TUNNEL NUMBER 3, HEAR WADSWORTH, NRVADA. CUBIC FEET PER SECOND.

DATE ocT ROV DEC JAN FEB HAR APR HRY JOR JUL AUG SEP k!
1972 26710 26829 14710 2520 964 12170 35720 53680 29845 13498 14313 21109
1971 25450 29790 728 0 0 0 23770 45370 30260 28180 19350 16900
1970 14347 29020 23901 2960 1710 5550 B680 48980 4aguo 18000 15850 19530
1969 20640 318420 25100 3340 3340 1690 99130 13660 10140 20720 15450 20210
1968 15790 16590 12290 2400 1850 1960 19710 40000 21480 14340 16830 17380
1967 19455 28021 43118 31960 34560 19100 6300 18380 13030 23510 20R50 18700
1966 31415 26223 26469 18774 3455 24364 30308 L4y596 14866 14414 16786 b 19,13 14 1
1965 17998 216U43 32246 15147 12898 11442 u64 29 16858 44392 20925 11092 20212
1964 17695 29849 27179 26360 23724 4512 25657 52818 30909 12739 12844 17089
1963 31199 32302 32173 22323 11817 1964 1) 41469 15387 25338 16513 1700A 19875
1962 usy7 7223 9852 10539 18465 21815 54606 56135 36618 12969 13028 14200
1961 20875 18612 21732 165958 19572 19681 19551 19911 17052 11722 12022 6579

1960 21255 24058 25553 234713 30848 37227 3u612 29808 22815 15798 16531 16186
1959 28937 31105 33596 32254 295913 Ju606G 20196 21566 12707 13103 11834 18952

1958 29668 31126 33757 jouuo 30654 38452 17319 40933 u7234 25138 19487 25312
1957 30631 37060 36381 Jo136 29217 4ooa" 37582 u7817 38618 16309 13874 18390
1956 19768 22134 30472 316725 9R29 33496 32551 38747 26057 28154 15818 19665
1855 20702 27318 ° 30840 32460 26395 30232 26219 29317 30785 13174 11301 16344
1954 31203 33899 32321 30515 28959 3654 1 36152 38176 16220 12266 13733 18041

1953 26250 32307 31210 29385 31038 343 30957 18838 25508 36727 19574 24978
1952 26282 33226 41435 34505 12369 17160 2u623 41255 4niie 50003 21249 22271
1951 25213 30771 5930 2455 Tuun 14259 Juu69 60566 53343 13460 15309 19283
1950 14953 16816 20010 31452 31093 33909 51444 52103 U6E690 16574 14786 23514
1949 213213 23811 27775 23760 22770 25273 36400 BAR27Y4 16089 119473 13311 101328
19u3 25710 26663 27746 29517 22524 1932¢ 23011 37422 01425 1us43 13987 15899

O
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DATE

1947
1946
19u5
1944
1943
1942
1941
1940
1939
1938
1937
1936
1935
1934
19313
1932
1931
1930
1929
1928
1927
1926
1925
1924
1923
1922
1921
1920
1919
1918
1917

ocT

30021
28501
24629
20246
21958
25116
23447
29922
20986
5071
13296
1903
5453
1142
3748
1683
AB78
6637
16972
23653
2130
15818
10347
26457
23134
19888
11654
23612
16230
22630
10334

KOV

29898
30223
31371
23711
29379
21671
113187
23558
241
15529
12385
5562
8067
6956
Bu29
2988
11652
9029
18042
28940
10300
15517
14628
26475
19853
20278
1944
26728
16000
26858
10922

DEC

15850
18349
28989
29755
14707
4789
1594
24637
304 1
16577
11987
7538
6795
10482
5326
8247
7970
24778
15270
19659
19523
18347
97717
20579
1613 1
16987
23574
18800
15254
31334
12556

JAR

10955
15990
28257
30108
10941

1477

2087
36741
20917
19535
12706

16622 |

8878
12728

7829
13442

9882
15375

9005

n095
22762
14824
12937
16800
16674
15796
10205
13836
17954

9122
Y1774

APPENDIX C
FEB HAR
23984 32528
3uB3 24019
33810 jro82
27552 9393
2801 3142
1345 18873
21774 41507
33321 22010
6269 10906
4516 2746
5429 ° 2247
21922 50913
10745 12068
13137 30217
7932 11371
14001 2976 1
9116 19008
223846 32058
12957 22439
7950 7022
259913 37266
20881 30258
27065 32134
12621 17165
14947 13268
12642 11296
11215 8773
224869 28710
18952 22362
22268 26336
40166 43372

CONTINUED

APR

20544
33107
21558
17248

8763
25104
32527
12430
14658

5995
13506
43574
uyB8e6l
20570
20917
46878
14795
47847
23920
22636
36076
32632
35725
16606
18315
16133
12017
18422
26246
12402
B7ono

NAY

25074
33575
175217
Jyuyys
23714
29001
50603
22477
19701
11183
51809
46298
51876

6294
263348
47514
14450
47520
319194
h1une6
17253
27409
373813
11369
12917
32514
35260
31773
3212
312960
53000

JUN

13613
23394
18079
23750
28029
16200
19356
213950
12258
12141
29975
31621
39087
325%
33432
43589
2164
20013
1557 1
126806
Isi11
9239
28589
3782
14205
25031
33995
23582
19658
2990 8
50006

JUL

1160 1
15030
14309
13096
18610
17010
15359
15507
12345
19786
13058
11850
6364
3764
5374
13480

240
T154
8371
11480
21675
6120
145361
1291
25087
19764
13900
11935
15378
22616
583604

AUG

12674
133197
131056
13011
13579
12621
15866
12167
13876
13464
10031
11920
1671
8510
871
6526
0
6368
4069
11621
12494
2932
14098
2705
243 1 7 1)
funuy
11139
10896
16148
23348
26970

SEP

16551
19509
17891
16042
17693
183166
18448
21851
21693
16361
639
9169
11918
6823
531
2701
un1
7855
3756
4258
17759
1321
765
5251
26091
16782
17984
9272
17260
23914
20908







DATE

1972
1971
1970
1969
1968
1967
1966
1965
1964
1963
1962
1961
1960
1959
1958
1957
1956
1955
1354
1953
1652
1951
1950
1949
19438

acr

3794.90
3793.50
3792.30
37186.70
3788.05
3784.70
3787.10
3786.40
3789.85
3730.10
3793.10
3795.95
3798.45
31803.10
3801.55
3804.15
Jg01.90
3805.60
3808.64
3809.45
1B803.64
3802.05
3804,55
0.0
3811.135

PYRANID LAKE ELEVATIONS IN FEET,

NOV

3794, 85
3793.10
31792.05
3786,.35
3787. 75
3784.20
3787.10
3786.15
3789.55
3789.70
3792.65
3765.95
379%.10
3802.60
igN1.35
3804.10
3802.00
3805,10
3808.20
J809.00
3803. 14
3801.64
38064.25
0.0
3811. 14

DEC

3794.85
3793.00
3791.80
3786.10
3787.170
3784.05
3787.10
3786.25
3789.35
3789.75
31792, 15
3795.75
3798,.80
3g02.40
3801. 25
3gou.20
3802. 30
3R0L.60
3807.95
308,80
3803.05
3803,60
3803.95
0.0
3810.64

JAN

3794,.95
3793.15
3792.15
3786. 15
3787.75
3784%.10
3787.10
3786.80
3786.90
3789.40
3791.90
3795. 30
3798, 60
3802. 30
3801.05
3804, 30
1302.80
3R04.55
JRD7. 64
3809.05
3803.05
3804.64
3803.75
0.0
3810. 14

FEB

3795.10
317193.75
3 793,75
37687.10
3788.20
3783.90
3787.10
3787.60
3788.90
3790.20
3791.80
3795.00
3798.50
3802.05
3800.90
3B04.10
3803.10
3804.39
3807.55
3809.20
3803.60
3805.35
3803.55
3805.70
3810.05

APPENDIX

HAR

3795.,30
374,05
3794,.70
3787.90
1788,70
3784.00
3787.20
3787.85
3788.65
3790.30
3791.80
3794.90
3798.50
3802.05
3180G.85
3803.90
3801.55
3g0u.25
3807.60
3809.25
3JB0U.45
3805.70
3803.45
31805.85
1809.A80

D

APR

3795.50
3794.25
3795.00
3789.50
3788.80
3764,60
3737.10
3787.90
3788.50
3790.50
31792.05
3794,.70
3798, 30
3801.95
3801, 30
3B03.60
3804.20
3803.95
3807.55
3809.25
3805. 85
3805.64
I803.45
0.0
0.0

KAY

3795.45
3794.75
3795.00
3791.40
1788.80
3785.20
3786.80
3788.40
3788, 70
3790.75
3792.15
3794.50
37197.95
31801.65
3R03. 135
JR03.50
1806.90
3803.80
3807, 15
3ans, 35
108,10
3805.60
3803.55
0.0
0.0

JUN

3795.20
3795.65
3794.90
3791.10
3788.60
3787.60
1786.55
378R, 75
3788.60
3791.75
3792.05
3794.50
3797.70
3801.45
Isou.55
3303.50
3805,55
3g03. 85
3R07.25
3809.80
3B10,45
3805.60
3803,.55
0.0
0.0

INTERPOLATED TO THE 15TH OF THE HONTH.

JUL

3794, 90
3796.00
3794.90
3793 .95
3788.10
3789.00
31786.35
JT788.55
3788.30
3791.10
39136
379u.10
3796.90
3r01.20
3804.60
1803.15
3805.65
3B03.55
3807.05
3810.30
3810.45
3805.10
3803.39
0.0
0.0

AUG

3794,30
3795.80
3794.,.30
3793 .45
3787.5%
3788.80
3785.90
378R.15
3787.60
3790.50
3791.00
3793.65
1796,70
3800.40
380u4.20
3802.55
3805.15
ino2. 85
3806.60
In09.60
3810.30
3804.60
3802, 85
iR05.60
0.0

SEP

3793.85
3795.25
3793.75
3792.80
3787.10
3788.35
3785.10
3787.70
3786.95
3790.05
3790.45
3793.135
31796.65
1800.00
3R03.70
31801.95
3804.55
3802.45
31806. 10
JR09. 14
3809.R0
3804.20
31802.50
3a05.10
0.0
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14.1
14,2

14.3

14,0 APPENDTIZX E

PYRAMID LAKE ELEVATION MODEL DISCUSSION

PYRAMID LAKE ELEVATION MODEL FLOW CHART

PYRAMID LAKE ELEVATICN MODEL USING TREE~RING
GENERATED TRUCKEE RIVER FLOWS AS INPUT
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14.0 APPENDIX E

14.1 THE PYRAMID LAKE ELEVATION MODEL DISCUSSION

The model is a straight forward monthly calculation of
a new volume contained in the lake based upon the amount of
inflow to the lake, less the evaporation and overflow
(see the following flow chart, Appendix E). This final
volume is used to calculate the surface area and lake
elevation that correspond to that volume. The final
volume, area, and elevation from one step become the
initial values for the next step.

The only iterative loop within the program is for
calculating the average area, AAREA, and Winnemucca Slough
flows, WSFLO(J,M). At the beginning of each time step
AAREA is set equal to the initial area, AREAI(J,M), for
that step. The program then calculates the average eleva-
tion AEL(J,M), from AAREA. If AEL(J,M) is greater than
3863.25 feet the model chooses the appropriate equations
for Manning's hydraulic radius, R, and cross-sectional area,
XSECA. These values are then used in Manning's equation
to calculate the volume of overflow through Winnemucca
Slough, WSFLO(J,M). With this information on hand, the GAIN,
final volume VOLF(J,M) and final area AREAF(J,M) are
calculated. The average area, AAREA, can then be tested
to see if it is less than 0.5 acre (an arbitrary cutoff for
the test) from the true average of (AREAI(J,M) + AREAF(J,M)/2.

If the test fails, the program loops back to perform the




F
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calculations again with AAREA set equal to the average it
just calculated. This process rarely takes more than two
iterations to close within the allowable error.

This procedure for calculating evaporation and overflow
relative to the average area for the month makes the observ-
ed elevation on the middle of the month the most desirable
for checking the synthetic elevatioms.

After all calculations have been made and stored,
monthly and yearly summary tables are printed. The yearly
values are the average of the twelve monthly calculations.
The yearly averages are easier to interpret since the tree-
ring data is on a yearly basis, and is the limiting factor

of the accuracy of the calculations.
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14.2 APPENDIX E

PYRAMID LAKE ELEVATION MODEL

FLOW CHART

|Start|

LB@AD N DATA AND SEED VALUES

Read and store the yearly tree-ring indices, oldest to youngest
Read and store the Truckee Canal flows, oldest to youngest

Read and store observed lake elevations, oldest to voungest

DO 1001 J1= 1, NDATA

J=J1

Calculate TRFLO (J) for the year from the Pine Nut tree-ring
INDEX, PNT (J)

DO 1002 Mi1= 1,12
M=M1

|AAREA = AREAI(J,M)|

>{ 100 INCREMENT LSTOP|

Calculate WSFLO(J) from AAREA using Manning's equation for
the rate of overflow as a function of the elevation for
the given AAREA above 3863.25 ft

Calculate the GAIN to the lake for the month from TRFLO(J)time
AVEFLO(M) (the months average percent of the yearly flow in the
Truckee River), less themonth's evaporation per acre AVEEVP(M)
as computed by Harding (1965) times the average area, AAREA,
less the overflow into Winnemucca Lake WSFLO(J,M).




14.2 APPENDIX E CONTINUED

When the calculations are made forward in time the GAIN is added
to the initial volume to get the final volume
VOLF(J,M) = VOLI(J,M) + GAIN
If the calculations were made backward in time this becomes
VOLF(J,M) = VOLI(J,M) - GAIN
The change in sign makes the model unstable, therefore
the model can not be used backward in time

Calculate the final area for the month, AREAF(J,M), from the
final volume, VOLF(J,M), using the linear equation that
approximates the U.S.G.S. rating curves for Pyramid Lake.

Re-calculate the area :E; to 10 times.
If LSTOP 10

Check to see if AAREA is less
than 0.45 feet from the average FALSE
of the initial and calculated
final areas.

TRUE

B = ABS (AAREA-) (AREAF(J,M)+
AREAI(J,J)/2.0

1€ (B. LT. 0.45) :6o~to 52

l

FAFSE

AAREA = (AREAF (J,M) +
i AREAI (J,M)/2.0

TRUE

[Add 1.0 to T3 if (WSFLO(J,M).GE. 0.0) je———

Calculate the final elevation, ELF(J,M) using the linear
approximations of the U.S.G.S. rating curves

If an observed elevation, OBSEL(J,M) exists, find the difference

DIFF(J,M), between it and the synthetic elevation.
DIFF(J,M) = ELF(J,M) -OBSEL(J,M)
IF(OBSEL(J,M).GE. 0.0 ) DIFF(J,M) =-0.0

:
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APPENDIX E CONTINUED

[IF (OBSEL (J,M). GE.

1]

0.0) T1 = T1 + 1.0]

[zF (DIFF (J,M) .GE

. 0.0) T2

T2 + 1.0]

Add up the 12 monthly values for

. N |
use in the yearly summary table.|

Set the initial values for the next pass
MA=M+1

. JA = J

[ LR MAC BT . 33)) GOETO 73

| MA = 1

l J:\=J+l

ELI(JA,MA)

VOLI(JA,MA) = VOLF(J,M), AREAL(JA,MA) = AREAF(J,M),

= ELE(J,M)

1002 CONTINUE]

Calculate the means of the 12 monthly values for each water year

using 12 for the divisor. To al
OBSEL(J,M), and WSFLO(J,M) divid

low for missing data in DIFF(J,M)
e by Tl, T2, and T3, respectivegy.

- 1001 C

ONT INUEj

[ldrite the monthl

Yy summary table]

fﬁrite the yearl

y summary table |

[sTo® |

[END]
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APPENDIX E

PYRAMID LAKE ELEVATION MODEL USING TREE-RING GENERATED
TRUCKEE RIVER FLOWS AS INPUT.

DIMENS IIN ELIA(165)y ELFA(165),0BSZLA(165), DIFFA(165)
DIMENSION WSFLOA(1651y VOLIA{165)y VOLFA{165)AREATIA(16D)
DIMENSION NDATE(lo5), TRFLO(1E5), HHD(165) SKY(165)
DIMENSION PNT(165),AREAFA(165)y AELAIL165)

DIMENSION TCANB{l66),AVEFLOlL12),AVEEVP(L12)y MONTH(12)
DIMENSION AREAI(165,121, AREAF{166,12), UBSEL(166,12)
WUIMENSION AEL(165412)y WSFLO(165,12)y TCAN(165,12)
DIMENSTON VOLF1165512), ELI{165,12) ELF{ 166412)
DIMENSION DIFF(165,12), VCLI[165:12)

OATA MONTH( 1)/3HOCT/,MONTH( 2)/73HNOV/sMONTH( 3)/3HDEC/
DATA MONTH{ 4)/3HJAN/, MONTH{ 5)/3HFEB/ yMONTHI 6J1/3HMAR/
DATA MONTHL 7)/3HAPR/HONTH( 81 /3HMAY/, MONTH{ 9) /3HJUN/
DATA MUNTH(LOJ/3HJUL/yHONTH(11)/3HAUG/ y MONTH(L12)/3HSEP/

VAR IABLES FOR PYRAMID LAKE ELEVATION MODEL

EVAPORATION RATES ARE FROM HARDING,1965.

PRECIPITATION RATES ARE AVERAGES FROM CLIMATOLOGICAL DATA.
TRELO(J) = VULUME OF INFLOW TO THE LAKE FOR THE YEAR.
OBSEL(J,M) = THE ELEVATION AT THE MIDDLE OF THE M'TH MONTH AS
INTERPOLATED FROM THE RANDOM OBSERVED ELEVATIONS AS PUBLISHED
[N THE USGS PUBLICATIONS OF SURFACE WATER RECORDS.

ALL CLEVATIONS ARE CORRECTED TO THE SUPPLEMENTARY ADJUSTMENT OF
1956 FOR BENCH MARK N—=21 AT ELEVATION 3S40.29 FEET.

TREJQOO 1D
TREQUOZ0
TREOQO30
TREQOCO40
TREQACO50
TREQOCU6U
TREOGO70
TREJQVBUI
TREDOO93
TREOQ1Q0
TREOQC110
TREJQ120
TREOQLZ20
TREDOQJL4D
TREJJL 5
TREOOLEO
TREQJO17Q
TREQQLEBO
TREUQUL190
TREOQ200
TREOQJ219
TREQQ220
TREQJ230
REJJ249
TREO G5
TREQJ260
TREQQ270
TREV G280
TREDO0290

¢G0T
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APPENDIX E CONTINUED
LAREA = AVERAGE AREA FOR COMPUTING VOLUMZ OF ZVAPORATION.

AEL(JyM) = THE AVERAGE ELEVATICN OF PYRAMID LAKE FOR COMPUTING
THe CROSS SECTIONAL AREA OF THE OUTFLOUW CHANNEL AT WINNEMUCCA
SLOUGH.

XSECA = CRUSS SECTIONAL AREA COF THE OUTFLOW CHANNEL AT
WINNEMUCCA SLOUGH.

R = HYDRAULIC RADIUS OF THE OUTFLOW CHANNZL AT WINNEMUCCA
SLOUGHS THIS IS THE R OF MANNING'S EQUATION.

WSFLU{JsM) = THE RATEy ACRE FEET PER YEAR, OF OQUTFLIW THROUGH
WINNEMUCCA SLOUGH

GAIN = INFLOW VOLUME LESS THE AVERAGE AREA (AAREA) TIMES THE
MONTHS EPAPORATION LESS THE OVERFLOWy, WSFLU(GJsM).

AREAT(JsM)y VOLIC(JI M)y, ANU ELI(J,M)=THE INITIAL AREA, VOLUMEs+ AND
ELEVATION OF THE LAKE AT THE BEGINNING OF THE MONTH (THE
BEGINNING OF THE STEP).

AREAF(JyM)y VOLF(JsM)y AND ELF(JeM) = THE FINAL ARCAy VCLUME, AND
ELEVATION AT THE MIDDLE OF THE NEXT MUNTH.

THIS 1S THE RESULT OF THE AVERAGING OF THE LAKE AREA, AAREA(J4M)
TO GET THE EVAPORATION AND THE AVERAGE ELEVATIONs AEL{J,M), TO
CALCULATE THE OUTFLOW RATE.

AVEFLO(1)=0.0436
AVerL0(21=0.0605
AVEFLOL31)=J.0768
AVEFLO(4)=0.0784%
AVEFLU(51=0.0867
AVEFLO{61)=0.0924

TREDQ200
TREQQ310
TReUC320
TREQC3320
TREVO340
TREOVC359
TREQOQ3¢€0
TREQOJ370
TREQO380
TREDD350
TREJC400
TREDQ410
TREQQ420
TREDJ430
TREQ Q0444
TREJICA450
TREJDC4 60
TREGO470
TREVDQ48J
TRE0 Q490
TREQJSUU
TREOCH10
TREJQA520
TREJ(CS53Q
TREU(CH40
TREOCS50
TREOCS560
TREIQQSTO
TREOCSEOQ
TRZJ 0590
TREQC&6CC
TREQO61D
TREQC6 23
TREOCE3Q
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APPENDIX E CONTINUED

AVEFLU(T)1=0.1494
AVEFLO(23)=0.18673
AVeFLO(9)=0.1181
AVEFLO{103=0.0407
AVEFLD{LL}=0.0304
AVEFLO(12)=0.3357
AVEEVP{L)=0.41
AVEEVPI(2)=0.31
AVEEVP{3)=0.22
AVEEVP(4)=0.17
AVEEVP(35)=0.16
AVEEVP(6)=0.15
AVEEVPITI=0.18
AVEEVPL{8)=0,.,20
AVEEVP[9)=0.26
AVEEVP(10)=0.36
AVEEVPILL )=0.47
AVEEVP(12)=0.48

READ THE NUMBER OF DATA POINTS.

READ{5,39003 NDATA
FORMAT (I 4)

READ THE TREE—=RING DATA FOR ALL YEARS THEN THE OBSERVED
PYRAMID LAKE ELEVATIONS FOR ALL YEARS.

READ(594 ) INDATE(J) o HHD(J )9 SKY (J) 4PNT(J) s J=1,NOATA)
FURMATI(I4,3F7.0/)

READI5:6) ((DBSEL(JyM) yM=1,12),J=1,NCATA)
FORMAT(4Xy12F6.2)

READ THE TRUCKEE CANAL FLOWS (TCAN{JsM)) IF APPLICAGBLE.
REMOVE THE C IN THE NEXT TWO CARDS AND PUT A C IN FRONT

OF

TREOQCE4C
TREQJI650
TREJQUG60
TREJC6T7O
TREDQ68J
TREOCESC
TREQCTOU
TREJQT7L10
TREQQTZ20
TREOQC73J
TREJCT740
TREJQT750
TREQOCT6C
TREVQOTT0
TREOQT780
TREQLTSQ
TREOC83D
TREOJDG810
TREJC82J
TREOCB3C
TREDOB 49
TREQC850
TREJCB6O
TREOGJ87Q
TREOCE8O
TREJC890
TREQO0900
TREOC914
TREQD0920
TREVQ930
TREOQCS940
TREQVUY50
TREJG9 60
TREOS970

LOT




APPENDLX E CONTINUED

o THE TCAN(JsM) = =0.0 BELOW. TREOCS80O
o READ(S557) {(TCAN(JsM)gM=1412) yJ=1,NDATA) TREO099GC
C 7 FORMAT(4X,12F6.0) TREOQ 1000 :
c TREQ1010 i
& TREQ1V2D 1
& TREO 10320 4
€ READ AND WRITE THE CODE NUMBER AND SIGN THAT INOICATES THE TREO1U40 g
o THE DIRECTION THE COMPUTATIONS TAKE PLACE. A NEGATIVE 1 TREV1059
C MEANS THE COMPUTATIONS ARE BACKWARD WITH RESPECT TO TIME. TREQ1060
€ A POSITIVE 1 MEANS THEY ARE FORWARD WITH RESPECT TG TIME. TREQ1879 ;
C TREO1080
READ1595) KNOCK TREQ1JS0 3
5 FURMATI(IZ2) TRE01100 3
C TREQOLLLO
C TREO 1120
WRITE(6y3001) KNOCK TREOL130
3001 FORMAT(1H1712+4X,102H =1 INCICATES THE DIRECTION OF COMPUTATION ISTREQ1140
1 BACKWARD WITH RESPECT TO TIME. A +1 IS FORWARD IN TIME.) TREOQL150
c TREJQ1160
G TREQL170
C READ THE YEAR, MONTH, NUMBER OF DATA POINTS, AND THREE SEED TREO 1180
C VALUES (ELEVATION, AREA, AND VOLUME). TREO11S0
C TREOL200
C TREQ 1210
WRITE(6y1) TREQ122)
1 FURMAT{1HO,46HDATE MONTH NDATA  SEED EL SEED AREA SEED VOL) TRED1230
C TREO 1240
IF (KNUCK<EQ.—12 GO TO 3040 TREQ1250
IF (KNOCK.EQ.+l) GO TO 3041 TREQL1260
C TRED 1270
3040 READ(5,2)MDATE yMMCNTH NOATASELTI(NDATA,12),AREAT (NDATA,12), TREQ12EC
1VOL 1 (NDATA,12) TREQ1290
2 FORMATIIG 91X gA391491X9FTa2y1XyFT4043%XyF9.0) TREO1300 =
WRITE(6,3)MOATE MMONTHy NDAT A ELT (NCATA,12), AREAI (NDATA912) TREO1310 =




APPENDIX E CCNTINUED

LVOLI (NUATA,12) TREV132)
3 FURMAT(LH 51493XsA3,1X11493X+FT74233X+F7.0,1%X4F9.0) TRE01330

GJ TO 3042 TREU13490 _

3041 READ(592) MUATE yMMONTH yNDATA+ELTI(L+1)sAREAT(L41)+VOLI(L1s1) TREO1350 1

WRITE(693) MDATE ) MMONTH, NDAT A, EL T( 19 1) AREATI(L,1)4VOLL(1,1) TREJ1360 i

3042 CONTINUE TREQ1370 :
c TREQ 1380
IDATA = NDATA + 1 TRED1390
D3 1001 J1=1,NDATA TRED 1400
IFIKNOCKsEQe—1) J = IDATA - Jl TREQ1410

IF(KNOCKWEQe+1) J = J1 TRED 1420 1

T1=0.0 TREU1439 1

T2=0.0 TREJ 1440 2
T3=0.0 TREO1450
c TREO 1460
ARCZAFA(J) = -0.0 TRED1470
AREAIALJ) = =0.0 TREO148C
VOLFA(J) = —U«0 TREQ 1490
VOLIALJ) = =040 TREO1500
WSFLOA(J) = =0.0 TREO1510
AcLALY) = =040 TREV1529
DIFFALJY = =040 TREO 1530
OBSELA(J) = =040 TREQ 1540
ELFA(J) = =3.0 TREO1550
ELIA(J)= -0.0 TREQ 1560
TCANBLJ) = =040 TREQ1570
c TRE01580
C TREQ1590
C IF NOTYPE = +1 ALL OF THE WRITE STATEMENTS BETWEEN HERE AND THE TREJ1600
c MONTHLY SUMMARY TABLE ARE DELEATED. IF ANYTHING ELSE ALL OF TREJLELQ
C THE TABLES WILL PRINT. TREQ 1620
# TREQL1630

C TREOQ1£40 =
READ(5,9) NOTYPE TREG16590 2
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9 FOKMATI(L2) TRE0 1660
C TREQL167C
WRITE(6y11) NCTYPE TREOL68C ;
11 FORMATI1Xs1492Xs'A POSITIVE ONE MEANS ALL INTERNAL PRINTS TREQ 1690 !
%*FOR CHCCKING FOR PERFORMANCE OF THE MODEL ARE DELETED." /4 TREO1700 i
¥7Xy *IF ANYTHING ELSE ALL WILL PRINT.') TREQ 1710
C TRED 1720
o TRELUCJ y» EQUATICN BELOWsy CALCULATES THE SYNTHETIC FLUW OF THE TREQ1730
C TRUCKEE RIVER USINT TREE-RINGS FOR INPUT. TREQ 1740
C TREV1759
& TREO1760 :
10 TRFLOGII={CIPNTIJI* [ .92550) )+ 10.62960)/100.)%506570. TREJLTTO 3
C TREQ1780 2
LSTOP = 0 TREO1790
C TREO 1800
@ TRZ018190
IFINUTYPESNE.+1) GO TO 400 TRE0 1820
C 'REQ1830
C TREO1849
WRITE(6y20) TRED1850
20 FUORMAT (1HO ,44HDATE HHO(J ) SKY{J) PNT(J) TRFLOLJ)) TREQ 1860
WRITE( 6y 2LINDATE(J) yHHD(J) s SKY {J) g ENT(J) 5 TRFLO(J) TREO 1870
21 FORMAT(LH 91444F10.0) TREJ1880
WRITE(6422) TREO 1860
22 FORMAT(1H ¢124HDATE ocT NOV DEC JAN TREV1900
1FED MAR APR MAY JUN J UL AUG TRE01S10
2 SEP) TREQ 1920
WRITE(6923)NDATE(J) 9 {OBSELIJsM) s M=1,12) TREO1S30
23 FORMAT(1H s14412F10.2) TREQ1940
¢ TREV1S$50
C TRED 1960
c TREV1S 70
400 CONTINUE TREO 1980 =
=]

C TREQ 1990
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APPENCIX E CONTINUED

DO 1902 ML = 1,12 TREQ 2030
IFE{RNOCK «EQe=1) ‘M = 13— MI TRED2010
IFIKNOCKEQes+1l) M = M1 TREJZ2020

TREO 2030

AAREA=AREAT(J M) TREQ 20490
TRED 2050

PUT A C IN FRONT DOF THE NEXT CARD IF TCAN FLOWS ARE PRESENT TREQ2060
TREQ2070

TCAN{J¢M)= —0.0 TRE02080
TREQ2090

TREO2100

IFINOTYPE.NEL+1) GO TO 401 TREQZ2110

TRED 2120

WRITE(G6:240 TREDZ2130

FORMATI{LHO,117H GAIN= {TRFLO=* ZFLO) ~—-TCAN -(AAREA¥* %EJ -WSFTRED214C
1L0  INIT VOL FIN vOL I AREA F AREA AVE 2L XSECA RTREQ 2150
2) TREOZ2160
TREQ2170

CONT INUE TREQ21 38V

TREO2190

TRED2200

TREQZ210

ASSUME AVERAGE AREA IS EQUAL TO AREAI(TJsM) TO START, THEN ITTERATETREDZZ220

[0 AINIMIZE THE DIFFERENCE BETWEEN AAREA AND THE TRUE AVERAGE TREQ2230

AAREA. TRz02240

FRUM THE AVERAGE AREA FOR EACH PASS CALCULATE THE AVERAGE TREV 2250

ELEVATION ;AELi{JsM)y SO THAT THE OVERFLOW RATE CAN BE CALCULATED TREQD22¢0

USING MANNING'S EQUATION. TREOD2270

TREO228C

TRED 2290

LSTUP = LSTOP + 1 TREQZ2300

TRED2310

TREV 2320

IF{AAREA +GT Oee ANDe AAREA.LE. 11800.) GO TO 101 TREQ2330

TTT
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E CONTINUED

IFIAAREALGTe 11800e« ANDeAAREALLE. ¢3000.)

IF{AAREA.GT. 23000
IF(AARZA.GT. 35100.
IFLAAREALGT . 44200,
IF(AAREA.GT . 62100.
[F{AAREAGT ., 76600
IF{AAREALGT. 87800.
IF{AAREA.GT. 94904.
IF(AAREA.GT.103700.
Ir (AAREA.GT.111300.
IF{AAREALGT. 129100«
[IF{ AAREA.GT.139000.
IF(AAREA.GT. 142400,

«AND . AAREA.LE
«AND.AAREA.LE
+AND +AAREA.LE
«AND < AAREAGLE
«AND. AAR EA. LE
<AND.AAREALLE
«ANDoAAREA LE
e ANDaAAR EALLE
« AND . AAREA.LE
«ANDe AAREALLEL142400..
AND < AAREALLEL 1443200,

IFLAAREA.GT.144300.) GO TO 116
AEL(J M= LOU0LT7966*%AAREA+3459.00

G 1O 199

« 35100.1
. &\—NQQUw
e 62100.)

« 16600.)

« 8763J.)
e 94900.)
«103700.)
»111300.)
-11860J0.)
«129100.)

AEL(JyM)= .J0178571*AAREA+3458.53

GH 8 158

AELIJsM)I= 200247S34%AAREA+3442.58

GO TO 199

AELl{JdyMI= +003296T0*%AAREA+3414.29

Go T4 199

AEL(J, M= 200335196*%AAREA+341] .84

G T4d 199

AEL(JyMI= «00275862F¥AAREA+3448.69

Gl TA 199

AELIJ,M)= D0357T143*AAREA+3386.43

GO TO.199

AcL(J )= «00422535%AAREA+332G.01

GY 140 199

tLIJsM)= «00454545*AAREA+3298.64

Gu TO 199

AEL(JysM)= 0039473 T*AAREA+33€0.66

GO
GO
GU
GU
GO
Gu
50
GU
GO
GuJ
GO
GU
GU

g
(e RS

TO
TO
TU
TO
TO
TO
TO
0]
TO
TO
TO
TG
TO
TU

102
103
104
105
106
197
108
109
110
111
112
113
114
il5

TREO2344
TRED2350
TREO2369
TREQ2317C
TREVZ2380
TRED23S0
TREQZ24J0
TREOZ2410
TREOZ2420U
TREV2430
TREO2440
TRED2450
TREJ24¢0
TRED2470
TRE0 2480
REV2490
TREQ 2509
TREQZ510
TRED2520
TREO2539
TREV2540
TREJ2553
TRED 2560
TREOZ2570
TREQ 2580
TREOQ2590
TREQ2600
TREV2610
TREQ2€20
TREOJ 2630
TRED 2640
TREUZ2650
TREQ 2660
TRE02670

1T
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APPENDIX E CCONTINUED

GO TG 199

AELI JyM)= 00273973 =AAREA+3495.07

6O TO 199

AELIJyMi= -00190476%AAREA+3594.10

Gy 7075199

AEL{JyM)= 0020202C*AAREA+3579.19

Gl T 199

AEL( JgMi)= «JU294118=*AAREA+3451.18

GO T4 199

AEL(JsMl= 00D26316%F¥AAREA+3120.53

GO TO 199

AEL(JyM)= LO0202020%AAREA+35EB .49

WSFLOLJyM)==0.0

XSECA==0.0

R==0.90

IF{NDATE(J) e £Q« 1891 .0R.NDATEIJ)EQ.1890) GO TO 34

Al = 3863.725

All = 3868.25

A2 = A8 AL 5

IF(AEL{JsM).LE. AlOQ GO 1D 34

IFLAEL(Js M) GT . ALD ANDSAEL {de M) s Ee ALl 3 GO TD 30
IF(AELIJ M) «GTe All «ANDLAELIJ M) LE. Al2 ) (Gl TO 3]
FEGABL L y M) GGT . Al2 Yl FE. 32

XSECA={AEL(J4M)— AL1O 3360

R=Z.*(AcL{JsM)—= AlO ) +60.

GJ To 33

XSECA={AEL{Jd  M)— AlOD 1¥60 e+ X {{AEL{J M)~ All J*%2) /0.035714
R=TU.+{AEL{JyM)— All J+SQRT((LAEL{J,M)= AlL JE¥2)+( (AELIJyM)
1- All J/0.035714)%%k2)

GO TG 33

XSECA=(AEL(J+M)= AlO J#(60+140.)+#350.,004600.00+{ .5%({ (AEL(JsM])—
1AL12 )%%2) /0.035714)+ (-5%((AELIJsM)— AL12 )¥%2) /0.22727)

R=215.09+SQRT(( (AEL{J,M)— AlZ
1#%2 ) +SQRTI((AEL(J4M)= AlZ

VE¥2)+{ (AEL{JyM)I— Al2
)%%2 )+ ((AEL (JyM)— Al2

TREDZ2¢680
TRE0269C
TREQ2734
TRED2710
TREV2T72Q
TRED 2730
TR:Z02749
TREO2750
TRED2760
TREQ2770
TRZU2780
TREQZ2790
TREQ2800
TRED 2819
TRED 2820
TRED2330
TREQZ28B40
TREO2850D
TRED286V
TRED28170
TRED 2880
TRED2890
TRED 2900
TREQ2910
TRe02920
TREQ2930
TRED2940
TRED2S50
TREQZ2960
TREQ2G17J
TRED2980
TREQ29%S0

1/0.22727) TREOQ 20060
) /04035714 )*%2TREQ3010

ETT
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APPENDIX E CONTINUED
1)

WSFLO(JyM)=(198)%(XSECA)*(1.49)#(0.7) *(SQRT{0.0003367) ) *
LIR¥* 0, 6660666667)*(30.)

CALCULATE THE GAIN TO THE LAKE, FROM THE TRUCKee FLOW TIMES
THE AVERAGE PERCENT INFLOW FOR THE MONTH, LESS THE AMOUNT

OF CXPORTED WATER, TCAN{JsM) (IF ANY), LESS THE AVERAGE AREA
(AAREA),
CALCULATED OVERFLOwW INTO WINNEMUCCA LAKE, TIF ANY,

GAIN=TRFLO(J)*AVEFLO(M)=TCAN(JyM)—AAREA®AVEEVP (M)I—-WSFLO(J ,H)

IF (KNGCK«EQ.—1) GO TO 35
IF (KNOCK.EQ.+1) GU TO 36
CUNTINUE
CONT INUE
CUNTINUE

IF (KNOCKe.EQe.—1) GO TO 2010
IF (KNOCK.EQe+1l) GO TO 2011
VOLF(J,M) = VOLI(JsM) — GAIN
GO TO 2012

VOLF(J,M) = VOULI(JyM) + GAIN

COMPUTE AREA AFTER INFLOW USING THE LINEAR EQUATIONS THAT
APPROXIMATE THE AREA-CAPITITY CURVE.

Us dANDVOLF({JyM) .LES
121000«-AND.VOLF (JyM)aLE.

IF(VOLF(JyM) aGTa
IF(VOLF(JsM) oaGT &

TIMES THE AVERAGE RATE OF EVAPURATION PER ACRE, LESS THE

1210390.) GO TO 201
470000.) GO TO 202

TREO 3020
TREJ3030
TREV32J40
TREQ3050
TREU3J6J
TREO 30170
TRED 3080
TREOQ3(GSGC
TRZ032100
TREQZ110
TREO3120
TREO31 30
TREQ2140
TRED3153
TRED3160
TREQO2170
TREQO218G
TREQZ2190
TREQ2200
TRED321C
TREQ3223
TREQ3230
TRED3240
TRED 2250
TREQ 2260
TRE0227C
TR=03289
TRED2290Q
TRE03330
TREOV3310
TREQ3320
TREQ3333
TREQO3340
TRE03350

711
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13503000.)
2550000.)

470000+ «AND.VOLF(J9yM).LE
1350000+ «AND. VOLF(J M) . LCe
2550000« «ANC.VOLF(JyM) eLEs 5T720000.)
IFIVOLF{JsM) oGTe 5720000+ .AND.VCLF(JyM)LE. 8490000.)
[FIVOLF(JyM) eGT o 8490000« ANDLVOLF{JsM)aLE.11790000.)
IF(VOLF(JsM) eGT o1l 790000+« AND. VOLF(JyM)eLE.14530000.)
IF(VOLF{JyM) «GT « 14530000« «AND« VOLF{JsM) o LE. 18500000.)
IFIVILFI JsM) «GT218500000¢« ANCVOLF(J4M) aLEL21720000.)
IF(VCLF(JsM) eGT o21720000+«AND. VOLF(J,yM)elLfe240200004)
IF{VGOLF({J M) aGT «24020000¢ ANDLVOLF(JsM) LE-26490000.1
[IF(VOLF{J M) eGTa26490000.,AND.VOLF(JyM)elEe29180000,)
IF{VOLF{JyM) «GT 229180000 ANC.VOLF(JyM) . LE.30580000.])
IF(VOLF{JgM) 6T 30580000, ¢ANDas VILFI{J M) . LE.32020000.)
IFIVCLF{JyM) «GT 232020000.) CGU TO 216

AREAF(JsM)=({

IF{VOLFIJ M) .GT
IF{VOLF(JsM)aGT.

GO
GO
GU
GO
GU
GO
Gu
GO
GO
GO
GO
GU

GU

«00017355372%VOLF(JsM))+3459.00-3459.00)/

GO Ta 299
AREAFIJsMI=(( .00005730659%VOLF{JsMI}I+3473.07T-3458.931}/
GO TD 299
AREAF(JyM)=[{ LD0003409091*VOLF{JsMII*+34832.98-3442.98)/
60 TO 299
AREAF(JyM)={{ L00002500000%VOLFIJyM})+3496.25-3414429)/
GO TO 299
AREAFIJs M)=(( .00001892744%VOLF(JsM))+3511.74-3411.8%1/
GO TO 299
AREAF(JaM)=1( 000014464043 %VOLF(JeM))+353T.40-3448.69)/
GO TA 299
AREAFIJ«M)=[( .00001212121*VOLF{J4M))+355T.09-33866.43)/
GU Tu 299
AREAFL{JyMI=1{ 00001094891 VOLF{JsM))+357C,91-3329.01)/
GO TO 299
AREAFIJsM)={( .0CCOL007557*VOLF(JsN))+3583.60-3298.6%41)/
GU TG 299
AREAF(JyM)={({ .00000931677T*VOLF(JyM))+3597.64-3360.66)/
GO TO 299

L0203
TO 204
TO 205
TO 206
ToO 207
T0 208
TO 209
T "230
6 211
Tik= 212
(PO e ]
T 214
IO 215

200177966
»00178571
«00247934%
«J0329679
23335196
. 00275862
«00357143
«00422535
«00454545

«003947357

TREQ3360
TREOQO337C
TREQ3380
TREOD3390
TRED34C0
TREQ 2410
TREOD 3420
TREQ3430
TRED 3440
TRED 3450
TREY 3460
TRED 3470
TREU3480
TRE 23490
TRED 2580
TREV3519
TREQ352¢C
TREO 3530
TREO3540
TRED3550
TREUV3560
TREQ 3570
TREOU358C
TREQ35G0
TRED 3600
TREO3610
TRED 3620
TREQ 36 30
TRED3640
TREU3650
TRE0366C
TREJ367C
TRE0 3680
TRED 3690

STI




OO0

o

O

OO0 OOOO0On

211

212

213

214

215

216

AREAFLJ s M)={{

G

Gu

GO T4

APPENDIX E CCONTINUED

«00000869565%VOLFIJsM)I+3611.13-3495.07)/ .00273975

PO 299
AREAF(JyM)=(( +00000809717*VOLF(JsM))+3625.51-3594.10)/ 00190476
g 299
AREAF{JyM)=(1 «00000743494% VOLFIJsM))I+3643.05-3579.19)/ 00202920
299
AREAF(JeM)={{ ~00000714286%VOLF(JyM))+3651.57-3451,18)/ .00294118
Fi 299

Gu

AREAF(IJ M)=((

GJ

AREAF(JdsM)=1(

.00000694444*VOLF(J4M))+3657.64-3120.53)/ 00526316
70299

«00000743494% VOLF{JyM))+3641, 93-3588.49)/ .00202020

299 CONT INUE

IF(NOTYPEL.NE.+1)

GO TO 492

TREO37380
TREO3710
TREQ2720
TREQ3730
TREQ3740
TREQ375¢C
TRED 3769
TREO37170
TREQ3780
TREO 3790
TREOD38CO
TREQ3810
TREO 3820
TREQ3830
TRED3840
TREO 3850
TREQ3860

WRITE(6951L)GAIN,y TRFLO(J) yAVEFLO(M) yTCANTJIgM) yAAREA AVEEVPIN) 4WSFLCTRED 3370

LUJeM) g VOLI(J M) s VOLFUJ 9) yAREAT(J s M)y AREAF(J M)y AEL(J M )y XSECA,R

TREO288C

51 FORMAT(LH $2F9.03F6e43FT7e09F9e03F462,F94032F106092F9.0,F842y2F9.2)TRED3890

402 CUNTINUE

CHECK TO SEE IF THE AVERAGE

IS5

IF

AREA, AAREA, FROM THE LAST PASS
AREA,; AAREA, FOR THE NeEW PASS.
AAREAy, TU THE TRUE MEAN,

NEARLY EQUAL TO THE AVERAGE
NOT, ADJUST THE AVERAGE AREA,

THEN GO BACK TO 100 AND CALCULATE TEHE eVAPORATION LOSS AND THE
WINNEMUCCA SLOUGH QUTFLOW AGAIN.
WHEN IT IS NEARLY EQUAL TO ITSELF PROCEED.

L

(LSTOP.GE.10) GO TO 52

TRED3900
TREO 3910
TRE 03920
TRED3930
TRED 3940
TRE03S 50
TRED 3960
TREJ 3570
TREO398C
TRE03990
TRE0400Q0
TRE D491
TREQ4020
TRED 4030

911

BRI




ke

CYH R

O

(@)

OO0

52

55

APPENDIX E CONTINUED

B = ABS{AAREA—-{(AREAF(J M)+AREATIIJI4M))/2.1)
IF{B L Te De45) GO TH 52
AAREA=(AREAF{Jy M) +AREAI(J M) )/ 2.

GO TO 100

CONT INUE
IF{WSFLOLJ s M) sEQe—0<0) GO TO 55
13=T3+1.0

CONT INUE

IFINUTYPE.NE.+1) GO TO 403
WRITE(6,53)

FOURMAT(1H +50H FIN AAREA F AVE

FURMAT(1IH 4FL0.0,3F10.2,F10.0)

UDETERMINED,
THE

AFTER CORRECT “AAREA" IS
THE EQUATIONS THAT APPRUXIMATE

Oe« AND.VOLF(JyM).LE.
121000. -AND.VOLF(JyM).LE.
470000¢ s ANDo VOLF(JyM) o LE.

1350000+, AN0D.VOLF({JsM)<LE.
25500000 « ANDo VOLF{J,sM)aLE.
5720000« «ANDVOLF{J M) oLEo

IF(VOLF{ JsM)aGT,
[F(VOLF(JsM) «GT &
IFIVOLF{JsM)aGT
IF(VCLF(Jy M) aGTe
IF{VOLF({Je¢M) aGTo
IFIVOLF(J M) «GT

EL FIN XSECA
WRITE(6,54)AAREALAELIJ M) s XSECA+ Ry WSFLO(J M)

COMPUTE
ELEVATION

FINAL R FIN WSFLO)

ELEVATION FROM

-VULUME

121000.)
473000, )
1350000.)
2550000.)
5720000.)
8490030.)

GJ
GuU
Gu
GJ
GO

Ga

CURVE.

TO
TO
10
10
10
T0

301
302
303
EIVES
305
306

TRED 4040
TRED4050
TRED 4060
TREOJ4070
TREO4C 8O
TREQ409C
TREO 41290
TREO4110
TRED 4120
TREDO 4130
TRZ04140
TREJ4150
TREO4160
TREU4170
TREU 4180
TRED4190
TREO42CC
TRED 4210
TREJ4220
TREQ4Z230
TREOV4240
TREV 450
TRED4260
TREO 4270
TREJ4280
TREQ42S0
TRED 4300
TREO4310
TREQ432

REV4330
TRED4340
TREQ4350
TREQ 4360
TREQ4370

LIT




301

302

303

304

IFLVELF{J M) oGT &

APPENDIX E CCNTINUED

€4 90000« «AND VOLF{JyM)eLE.11790000.1

IFIVOLFIJ M) «GT<11790000, sANDVOLF(JyM)«LEL14530000.)
IF{VOLF{JgM)eGT 14530000« «ANCaVOLF{JyM)LE.18500000.)
IF(VOLF{JsM) «GT4 18500000« ANDeVOLF({JyM)aLEL.21720000.)
[FIVOLFIJsM) «GT 221720000« «ANDLVALF(J M) eLE.24020000.)
IF(VOLF{JyM)aGTe24020000¢ AND«eVOLF(JysM) e LE.26490000.)

[FIVOLF(J,

4) «GT e 264900004 sANDLVOLF(J9M) oLEL.29180000.)

{IF{VOLF(JsM)«GT-29180000.«ANDVOLF(JsM).LE.30580000.]
IF{VOLF(JsM) «GT 230580000+ AND< VOLF({JyM) «LE.32020000.)

IF{VOLF(JsM) «GT.32020000.

ELF(JdyM)=
GO TO 399
ELFIJ,H;z
GO 10 399
ELF(JsiM)=
GOD TO 399
ELF(JsM)=
GO TO 3939
ELF(JyM)=
GO TO 399
ELF{ JyM)=
GY 1D 399
ELF(J,id)=
GO TO 399
ELF(JsM)=
GO TB 399
cLF(JdsHM)=
GU TO 399
cLF(JyM)=
Gu TO 399

ELF(JM)=
G TC 399
cLFlJsM)=
Gu TO 399

GO 1O 3leé
200017355372 VULFIJ M) +3459.00

+00005730659*VOLF (J M) +3473.C7
« 00003409091 VOLF(J+M)+34683.98
«J0002500000% VOLF(JyM)+34586.25
. 00001892 744*VOLF{J,M}+3511.74
«00001444043*VOLF(JyM)+3537.40
«00001212121*%VOLF(JsM)#3557.09
«00001094891L*VOLF(J,M)#3570.91
cOUUVL0UT55T*VOLF(J M) +3583460
«00000931677T#VOLF(JMI+35CST7.64%
«00000869565%VOLF(JyM)+3611.13

« 00000809717 VOLF(J M) +3625.51

GO
GU
GU
GO
GuU
GO
GO
GO
GU

TO
TO
T0
TUO
TU
T3
TO
10
TO

307
308
309
3i0
311,
312
313
314
3D

TREQ4380
TREO4390
TRED44CO
TREQO4410
TRED4420
TREO04430
TREQ4449
TREQ4450
TREU 4460
TREV4470
TREO4484
TREOVU44SC
TR204500
TRED4510
TRe04520
TRED4530
TREQ4540
TREO4550
TREQ45¢€0
TREQ4570
TRED45E80
TRED4590
TREJ 4600
TREQ4610
TRED4620
TREQ 4630
TREQ 464
TRED 4650
TREQ466D
TREO467C
TRED4680
TRED 4690
TREO4TCO
TREV4T1O0

8T1L




(92 I o R )

G, E

313

399

70

6J

ELF{J,M)=
GO TO 399
ELF{ JyM]=
GO TO 399
ELFl JdyM)=
G0 TO 399
ELF{JyM)=
CONTINUE

APPENDIX E CONTINUED

«00000743494%VOLF(JyM)+3€43.05

.00000714286%VOLF(JyM)+3651.57

«00000694444%VOLF(JyM)+3657.06%

,00300743494%VOLF{J M) +3€41.93

CALCULATE THE DIFFERENCE IN THE

DIFF{J M=
IF {OBSEL(JsM).LE.O.)

"'300

GO TO 70

DIFF(JyMI=SELF(J,M)—=0BSEL(J M)

TLl=Tl+l.J
CONTINUE

IFIDIFF({JyM) cEQ.—0.0) GO TO 60

T2=T2+1.0
CONTINUE

ADD UP THE 12

MONTHLY VALUES FOR USE IN THE

ELIA(JI=ELIA(JI+ELI(JyM)
ELFA(J)I=ELFA(JI+ELF(J,M)
OBSELA{J)=0BSELA(J)+UBSEL(J M)
DIFFALJI=DIFFA(J) +DIFF(J,4HM)
AELA(J)=AcLA(J)+ACL(JsM)
TCANBIJ) =TCANBIJI+TCAN(J, M)
WSFLOA(J)=WSFLOA(JI+WSFLO(J M)
VOLIA(J)=VOLIA{J)I+VEOLI(JsM)
VOLFA([J)=VOLFA(J)+VOLF(J,M)
AREAIA(J)=AREAIA(JI+AREAILI(J M)

OBSERVED AND CALCULATED

ELEVATION

YEARLY SUMMARY TABLE.

TRED4720
TREQ4T30
TREQ4740
TREO4750
TRec04760
TREQ&4TTO
TRED4760
TREQSTSO0
TREJ4300
TREO4810
TREDJ 48 20
TRED4830
TREZ04840
TREQ4850
TRE04860
TREJ4870
TREQ 4880
TREQ4 893
TREO4500
TREDQ4910
TRE04920
TREJ4930
TREQ4944
TRED4950
TRED496Q
TREQ4970
TREQ4980
TRE04990C
TREJ 5300
TREQ 5010
TREOS5020
TREUJ5I 30U
TREQS04C
TRED5350

61T




APPENDIX £ CONTINUED

AREAFALJ)=AREAFA {J) +AREAF(J M) TRED5060 3

G TREV 5070 ;
o TREO5080 :
[FI{NOTYPESNE«+1l) GC TO 404 TREO5G90 ;

G TREOS5100 {
WRITE(6,71) TREDS5110 i

71 FOKMAT(LH s124HDATE MON INIT EL (FIN EL-0BS EL)=DIFF EL AVE EL TREO5120 i

1 TRFLO TCAN WSFLO HHD SKY PNT INIT VOL FIN VUL I AREA TREO5130 i

2 F AREA) TREO5140 i

WRITE(6972INDATE (J) s MONTH(M) yELI(J M) +ELF{JyM)yOBSELIJs M)y DIFF{JyMTREQOEL150
1)y AELUJsM) s TRFLO(LJ) o TCANIJ 9M) 9 WSFLO(J ¢ M)y HHDUJ) s SKYLJ) 4 PNT(J) y VCTREO 5164

201( JyM) gy VOLFLIJyM) yAREAT(Jy M) AREAF(Jy M) TREQELTO :
72 FORMAT(1H sI14¢1X9A341X95F84293F8.043F5.0,2F10.092F840) TREJS180 .

C TREODS5190
404 CONTINUE TREOS200
o TREDS210
@ TREDE220
c TRED5230
(o SET INITIAL VALUES FOR THE NEXT PASS TRED 5240
C TRED 5250
IF (KNDCK.EQ.=~1) GO TO 2030 TREGE260
IF (KNDCK.EQe+1) GO TO 2031 TRED5270
2030 IF({JsFQele ANDeM.EQel) GU TQO 73 TRE05280
MA = M - 1 TREDS5290
JA = J TREOE300
IF {(MA.EQ.0) GO TO 500 TRE05310
GO 70 73 TRE05320
| 500 MA = 12 TRE0S330
: JA 3 9 =1 g : ' TREQ5340
Ga TO 73 TRE05350
2031 IF(J.EQ.NDATA.AND«M.EQs12) GO TO 73 TREQ5360
MA = M+ 1 TREOS5370

da1 = J TREOE3E80 S

IF{MA.LT.12) GO TO 73 TREDE390 X




13

1002

OO0

OO0

634
601

602
693

604
605

1001

APPENDI X

MA = 1

JA = J +-1

VOLI (JAyMA)=VCLF(J,HM)
AREAT(JAZMA)=AREAF(J4M)
ELI{JAyMA)=ELF(J,MI
CUONT INUE

E

CONTINUED

CALCULATE TH:E MEANS OF THE 12 MCNTHLY VALUES FOR THE YEARLY

SUMMARY TABLE.

IF{T1.6T«0.0) GO TO 600
OBSELA{J)==0.40

GO TOU 601
OBSELA(J)=0BSELA(J)/T1
IF(T2.6T«0.0) GO TC 602
DIFFA(J)==0.0

GO TO 603
DIFFA(JI=DIFFA(J)/T2
IF(T3.GT«0.0) GO TC 604
WSFLOA{J)=—0.0

GO TO 6905
WSFLOA{J)=WSFLOALJ) /T3
ELIA(JI=ELIA(J)/]12.
ELFA(JI=ELFA(J) /12,
AELAL{J)I=AELA(J)/ 12,
VOLIA(J)=VOLIA(J)/12.
VOLFA{J)=VOLFA(J)/12.
AREAIA{JI=AREAIA(JI/12.
AREAFA(J)=AREAFA(J)/12.
CUNT INUE

WRITE THE MONTHLY SUMMARY TAEBLE.

TREQ5400
TREQ5410
TREOE£420
TRED 5430
TREO5440
TREOVS450
TRED5460
TREQ5470
TRE 05480
TREOQ5490
TREOS5500
TREO5510
TrREU5520
TREVS553J
TREOS5540
TREO5550
TREQ 5560
TREOUS5570
TREOS5580
TREO5590
TREV560C
TREOCS5610
TREV5620
TREQ5630
TREO5644
TREQ5650
TREO5660
TREO5070
TREO5680
TREOS569C
TREQS5700
TREO5710
TREQE720
TREOS5730

1ct




APPENDIX E CONTINUED

C TREO5740
WRITE(6478) TREOS5750

78 FORMATILHS) TREOQ5760
HRITELEy T4) TREOS577Q

74 FURMAT (1H1,35HSUMMARY TABLE GIVING MONTHLY VALUES) TREO5780
WRITE(6475) TREO5790

75 FORMAT{1HO,124HDATE MON INIT EL (FIN EL-0BS ELJ)=DIFF EL AVE EL TREDJ5800

1 TRFLO TCAN WSFLO HHD SKY PNT INIT VOL FIN VOL 1 AREA TREOS5610

2 F AREA) TREOUS5820

C TREOS5830
T5=0«0 TREO5840
SDIFF= =0.0 TREQ5850

C TREO5860Q
c TREQ 5370
DO 1003 J1=1,NDATA TRE05880
IF{KNOCK.EQa—=1) J = IDATA — J1 TREOS5890
IFIKNOCK<EQe+1l) J = J1 TREOD5900

DO 1033 M1 = 1,12 TREOQ5910
IF(KNOCK.EQe=1) M = 13 - M1 TRED 5920
IFIKNOCK cEQe+1) M = M1 TREV 59340

c TREV5G40
SDIFF=DIFF{J+M)+SDIFF TREDQS5950
IF{DIFF{J M) «EQe—D«0) GO TO 79 TREO59¢0
T5=T5+1.0 TREDLITO

79 CONT INUE TREO5983

C TREDS5990

NRITE(&;TZINDATE(leMUNTHlM)aELIlJpMiyELF{J:M};OBSEL{JyMlpDIFFlJ,MTREO&UCD
1) AEL{JfMJ'TRFLD!JI:TCAN(J:M)'hSFLUlJrM)fHHD(JI;SKYlJ).PNT(JI,VOTREU&OLG

2LI{JyM) s VOLF (JgM) o AREAT(J M) s AREAF (JyM) TREO&020Q

1003 CUNTINUE TRED 6030

c TREQ 6040
IF{T5.GT«0.0) GO TO 650 TRED 6050 o
ADIFF=-0.0 TREO6060 -

GO TO 651 TREV607C



OO0

= i =

APPENDIX E CONTINUED

650 ADIFF=SDIFF/T5
651 CONTINUE

WRITE(69 T6)SDIFF
76 FURMATI{1HU,10Xy21HSUM OF THE DIFFERENCE,3X,F8.2)

WRITE(&6y TT)ADIFF
77 FORMAT (LH ,10Xy22HMEAN UF THE DIFFERENCE, 2XyF8.2)

WRITE THE YEARLY SUMMARY TABLE.

WRITE(6,80)

TREO6080
TREO&J90
TREO6100
TREO6110
TREV6120
TRED6130
TREOQ£140
TREDE150
TREOQ6160
TREQELTO
TRED 61 80
TREDE1SC
TREOE200

8Y FURMAT(1Hl,53HSUMMARY TABLE GIVING YEARLY AVERAGES UF THE 12 MONTHTREO€210

15
WRITE(6.81)

81 FURMATI{1H ,119HDATE INIT EL {FIN EL-CBS ELI=DIFF EL
10 TCAN WSFLO HHD SKY PNT INIT VUL FIN VOL

ZEA]

SDIFFA= —0.0

T4=0.0

00 1004 J1l=1,NDATA

[FIKNDCK sEQe—1) J = IDATA - Jl
IF{KNOCK.EQe+1l) J = J1

SDIFFA=VDIFFALJ)+SDIFFA
IF(DIFFALJ).EQ.—0.0) GO TO 85
T4=T4+1.0

85 CONTINUE

TREDQ6220
TREVE230

TRFLTREOQ6240
F ARTREQEZ259

TREO 62640
TREU6270
TRE06280
TREDO €290
TREQE300
TRe0€310
TREQE320
TRE0E33Q
TREOQ 6340
TRED €350
TREQ 6360
TREQ€37C
TREO&380
TREV63GQ
TREO6400

WRITE(682INDATE(J)+ELIALJ) +ELFA(J)OBSELAIJ]sDIFFA(J)yAELALJ),TRFTREVEALD

i




APPENDIX E CONTINUED

1LO0(J) sTCANB(J) yWSFLOA(J) yHED L J) 9 SKY(J) s PNT(J),VOLIA(J)sVOLFA(J )y ATREDE42C

LR=ATALJ) + AREAFA(J) TREQ €430

82 FORMAT(1H 91445F8.2,3F8.0,3F5.0+2F10.0,2F8.0) TREOQ€44C

C TREOQ 6450
1004 CONTINUE TREQ€46Q
C TREOD64T0
C TREO648J
IF{T4.6T.0.0) GO TG 670 TREZ0£490
ADIFFA= -0.0 TRED65 30

GD TO 671 TREOE51C

670 ADIFFA=SDIFFA/T4 TREJE520
671 CONTINUE TREO€530

C TREOE540
WKITE(6,83)SDIFFA TREQEDS5T

83 FORMAT(1lHOy4X,21HSUM OF THE DIFFERENCE3X4F8,2) TREQ6560
WRITE(6,84)ADIFFA TREVES5TQ

84 FORMAT(1H y4X422HMEAN OF THE DIFFERENCE2X,F8.2) TRE0€5840
10000 CUNTINUE TRED6591
STUP TREQE60GC

END TREQ 6610

TREOE62C
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PLEASE NOTE:

Plate ., ""Topographic Map of
Truckee & Carson River Drainages'',
not microfilmed because it will

not reproduce well in xerographic
copies. Available for consultation
at the University of Nevada Library.
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