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ABSTRACT

The study of tree-rings, or dendrochronology, is used to
reconstruct paleoclimate data or develop a climate history where
measured records do not exist. This approach was tested on
Chestnut oak (Quercus prinus)trees at Black Rock Forest (B.F.) in
Cornwalil, New York. The objectives of the study were to gage the
strength of the correlation between tree-ring width of chestnut
oak and the surrounding climate at B.F. and to investigate
integrating the use of a tree growth model with tree-ring
analysis.

The sampling sites were confined to the three long term
growth plots that have been set aside at B.F. for research and
annual monitoring of tree growth. In total, thirty trees were
cored with two samples taken at breast height (BH) from each, and
a third basel area sample taken from approximately every fourth
tree. These cores were then measured and analyzed and compared
to pre-existing climate data from West Point, New York.
Correlations were established between tree-ring width and
temperature, precipitation and the Palmer Drought Severity Index.

The dendrochronclogy results show a strong precipitation
signal for the chestnut cak tree. This reflects the fact that
the tree’s are growing on thin goils with high drainage and on

steep slopes and growth is highly dependent on the precipitation



and general mcisture content of the area. Becausg of this
dependency the modeling of moisture stress in a tree is
especially relevant to chestnuﬁ ocak growth.

Two sites, Mt. Misery and Arthur’s Brook, were selected for
growth simulationg because of their contrasting soil water
hoiding capacity and difference in tree ring growth. From the
dendreochronology analysis, Mount Misery was chosen as the
stressed site while Arthur’s Brook was chosen as the non-stressed
site. Growth was simulated for the years 1977-1987. The
simulated monthly plant stress, expressed as the ratio of actual
transpiration over potential transpiration, was recorded for each
site. Arthur’'s Brook was only slightly less stressed than Mount
Misery, however, this corresponds with the type of growing
environment at Black Rock.

The stress index levels were then compared to the normalized
ring width data and precipitation data from West Point. As
expected, the stress index in general followed the precipitation
fluctuations. In agreement with the ring width data, in both
sites, there was a regressive element to the relationship of
pPrecipitation énd stress. A strong stress signal in the previous
year would effect growth in the next season. This corresponds
with the positive correlation between September precipitation

values of the previous growth season and current June



precipitation values for annual tree-ring growth found in the
dendrochronology analysis.

Further research into the use of a simulation modeler for
forest growth is needed to justify it’s use as a tool in
dendrochronology studies. However, a strong enough relationship
was established in this thesis between soil composition and the
physiological stress of a tree that would warrant additional
research in this area. The relevance of water stress 1in a scil
should not be overlooked when trying to determine the

relationship between climate and tree-ring width.
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I. INTRODUCTION

Dendrochronology, or the study of tree-rings, was developed
by Andrew E. Douglass in the 1900's, and is primarily used for
expanding paleoclimatic records (Stokes, 1968). In the past, it
could only be hypothesized what climate existed before
temperature and precipitation data was kept. However, now there
are many methods to reconstructing paleoclimate. Ice cores, deep
sea sediment cores, and coral rings all can be analyzed to
extrapolate past climate conditions. o©Out of these various means,
tree-rings are unique because they form new rings each vear and
numerous cores can be sampled and compared. Based on this annual
correlation between ring width and climate we can now investigate
what temperature and precipitation conditions were and establish
records for areas where one did not previously exist, as well as
providing some evidence about anthropogenic affects on the

environment .

A.Ring Development

Trees are good indicators of their surrounding climates
because their development varies with the seasonality of the
area. To understand dendrochronology one must have a general

understanding of tree physiology. Each growing season a tree



experiences primary growth in the apical meristem which increases
tree height and secondary growth in the lateral meristem which
increases tree width (Kozlowski, et.al, 1991). Cell division
which occurs in the lateral meristem Gthen produces the vascular
cambium which divides into the xvlem and phloem (Fig.1l).

Figure 1 Bark

From Stokes and Smiley 1968

It is this xylem or.woody growth that forms tree-rings.
Each spring new xylem tissue on the inner face of the wvascular
cambium constructs large thin-walled tracheid cells. This
lighter, ring porous layer is known as the early wood {(Maeglin,
197%). As growth slows later in the season, cells become smaller

and thicker. This diffuse porous, darker colored wood is



identified as late wood. The contact between these two layers of

cells is what forms the boundary of each tree-ring (Figure 2).

Figure 2
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B.Rcle of Moisture Stress
The width of each ring is highly dependent on site water

balance. The soil moisgure content at the site is the available
sub-surface water minus that lost through evaporation and run-
off (Stokesg, 1968). Water is distributed throughout the tree by
negative pressure that exists at the surface of the leaves. Air
dries the exterior of the leaves from evaporation and water is
transported up from the roots through the xylem cells to fulfill
the disparity. Only ten percent of the water traveling through

the tree is actually used for growth processes; the rest is lost



i , leaves, and
through transpiration-- water evaporation from stems ,

. . . cant
other pant parts (Starr, 1994). This process is to important
i i low
dendrochronology because when actual transpiraticn falls belo
i in to
potential transpiration of the plant metabolic process begi

i i 1 .al,
slow, in turn forming narrower rings (Figure 3) (Kozlowski et.a

1881} .
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C. Regional Variations

Historically, most dendrochronology studies were limited to
Southwest areas composed of large conifer popuiaticons. Conifers,
in general, are characterized by their high ring width
correlation to seasonal variabilities. Southwestern climate has
predictable contrasting seasonal trends; cold, wet winters and
hot, dry summers. This later factor makes summer growth in the
trees highly dependent on precipitation. In contrast, east coast
species, hardwoods and conifers, were known for showing gigns of
complacent growth (ring width showing little representation of
climatic differences in the surrounding environment) because
there is not these contrasting trends in precipitation. For
example, here we frequently experience wet summers. Also species
suffer stress due to competition over limited space. However, in
the past twenty years these factors have been addressed by
putting more emphasis on site selection and by testing the
climate dependency of the rings by comparing them with pre-
existing weather data for the areas. Nonetheless, there is a need
to develop tree-ring records in the Northeast where conifers are

not as present in the hardwood forests.



Black Rock Forest (B.F.) in the southern Hudson Valley is a
oak-hickory forest that can be used to test the use of Northeast
hardwoods in dendrochronclogy studies. Black Rock represents a
cross-section of the general ecology of the area. It is divided
between old growth areas and areas of recovery which underwent
intense land clearing and exploitation, which peaked in the 1800's
(D'Arrigo, 1994). The young age of many of the trees in B.F. makes
it difficult to judge any real stresses on their growth. Young
trees, unless there is competition for sunlight from the canopy,
generally expend all of their nufrients and energy in layving down
wood. Their rings usually are very thick and do not indicate any
of the surrounding climatic variables. However, B.F. does have
pristine tree stands or sites where old growth is present and the
trees are limited in their development due to climate. This,
combined with one of the longest climatic records in the country at
West Point Military Academy, which lies adjacent to B.F., allows
for a real test of tree-ring data.

An optimal site for a dendrochronclogist exists where ground
water is unavailable, so0il drainage is good and there is little
competition in the canopy for sunlight (Stokes, 1968). This type
of site is considered stressed, and is ideal for study because

radial growth in the trees will be in proportion to the limiting



climatic factors of interest. In compariscn, a site which was
abundant in nutrients and water; ie. soil had pocor drainage or site
was near a water source, would not be a favorable choice for study
except as a comparison, because the tree would not be experiencing
any stress; it would be considered complacent. Figure 4

illustrates the differences between a complacent versus stressed

site.
Figure 4
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A site meeting the previously mentioned stressed criteria in
dendrochronoclogy would be said to have a strong precipitation
signal and/or temperature signal. A "signal" is the terminclogy
used to describe what is the main limiting factérs to growth of the
samples. These above criteria are determined from first reviewing
the soil type and slope of the area before commencing any coring.
In many cases, a few exploratory cores might be taken to preview.
If rings are of relatively similar width and do not show any
seasonal variability another site might be chosen.

C. Analytical Methods

After coring, tree ring widths are established as indices and
compared to temperature, precipitation, and the Palmer Drought
Severity Index (PDSI) numbers for the area. The PDSI is an
autoregressive component that reflects soil moisture deficits and
surpluses from previous and current months inte a weighted average
reflecting drought (Hughes, 1982). 1In general, less than -4.0, is
interpreted as extremely dry and +4.0 is extremely wet. COFECHA,
a statistical program used by dendrochronologists for quality
control, cross dates each of the cores and establishes an exact
year-date to each ring of every tree sampled. These measurements
are then processed into a master chronology that places an average

ring width for each vear. The level of correlation between the
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master chronoclogy and the existing data for the area establish the
accuracy of utilizing the Eree-rings to predict the paleo-climatic
record. A strong relationship would indicate tree-ring width could
be used to establish data where none existed in the past. However,
because of the low correlation that often results in
dendrochronology analysis between temperature and/ or precipitation
and tree-ring width, there sometimes is a high level Iof
uncertainty.

In the second phase of this research I tested the hypothesis
that this uncertainty can be reduced by using a forest simulation
model to work in conjuﬁction with tree—ring data. The model
simulates different metabolic activities of the tree and outputs a
stress index level based on the water uptake in a plant and the
demand for water from the atmogphere. This ratio of estimated
actual transpiration over potential transpiration data is based on
climatic variables, soil composition and water uptake by the tree.
From the simulation, actual transpiration (AT) over potential
transpiration (PT} outputs an index number corresponding to the
growth stress a tree is under. Potential transpiration is the
water demand from the atmosphere while actual transpiration is what
the tree could supply given the soil-water status. If the maximum

AT is equal to the PT than the tree can meet the demand from the
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atmosphere and the ratic of actual/peotential would be one.
However, when actual is less than potential the ratio falls below
one and the tree is sztressed trying to meet the demand. This
relative stress index car then be compared with the actual tree-
ring width.

The use of the model in combination with the ring data can
help evaluate the range of climatic patterns and identify the role
of soil in tree growth. Soil variabilities are not fully accounted
for in dendrochronology studies. When they are analyzed with tree-
ring width indices it may provide some improvement in accuracy for
the dendro analysis. The model accounts for soil Stresses and may
further our understanding of the physiological response to water
stress of a tree as well as aid in constructing paleofclimatic
records on the micro-level between tree and soil. If tree-rings
are able to construct paleo-climatic conditions, than from that
data a model could potentially be used to understand what was
happening during each year in the soil. The model is not a
substitution for dendrochronology but rather something that can
work in conjunction with tree-ring analysis to further both areas
of research.

The research undertaken for this thesis is essentially divided

into two parts spanning two summers. The first part is

12



dendrochronology analysis and field work conducted on chestnut oak
trees, updating of long term growth plots, and soil sampling during
the summer of 1995 at B.F., with analysis done on data at Lamont
Doherty Earth Observatory (LDEQ) Tree Ring Lab. This research was
conducted under a fellowship from the Northeast Institute for
Global Envirommental Change (NIGEC) under the advisory of Dr. Bill
Schuster, the forest director at B.F., and Dr. Roseanne D'Arrigo
and David Lawrence at LDEO. The second part was conducted during
the summer and fall of 1996 under the advisory of Dr. Jennifer
Phillips at Goddard Institute for Space Studies {GIsS).
Precipitation, temperature, and soil data was used to drive a
model, GAPS, of forest water balance, developed at Cornell
University (Riha et.al.,1994), to model the ratio of actual versus
potential evapotranspiration for a period of ten years from 1977-
1987. These two sets of data: tree-ring width and potential versus
actual evapotranspiration were plotted against each other and

analyzed with respect to climate-growth interactions.
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II. METHODS

All of the data collection and field work was completed at
Black Rock Forest (Map 1). BRF is a 3,750 acre privately owned
forest 1in Cornwall, New York devoted to research. It is
predominantly an oak-hickory forest and has a growing season from
mid-April to mid-October. West Point Military Academy shares

neighboring land with BRF and was used as a climatic data source.

A. Dendrochronology

Preliminary factors must be c¢onsidered when choosing a site
and species before coring and analysis can occur. For our
purposes, chestnut oak trees (Quercus prinus) were an adequate
choice: they lay annual rings, there are limiting factors to growth
in the area (specifically precipitation), temperature and
brecipitation vary vyearly, and their distribution is consistent
over a large area. Other climate and age records had been
developed up until 1995 at B.F. (D'Arrigo and Jacoby, 1990 and
Lawrence) for conifers, specifically the eastern hemlock (Tsuga
canadensis}. It was hoped that hardwood, deciduous trees would
have an alternate signal. The chestnut ocak is characterized by
dark brbwn, highly furrowed bark with leaves that slightly resemble

that of a chestnut tree (they are narrower and coarsely toothed),
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with a range throughout the Northeast and predominant along the
banks of the lower Hudson River. They are found on hillsides and
high rocky banks in rich or sometimes sterile (nutrient poor) soil
with broad, open and rather irregular canopies (Sargent, 1965).
Because Quercus prinus is characterized by its ability to live in
stressed areas: thin scils and rocky slops, as mentioned earlier,
the sampling often ventured off the long term plots to find samples
that had a signal.

Data collection took pace in July and August of 1995 on the
long term growth plots in B.F. to establish a record of growth. The
1oﬁg term growth plots are four pairs of differing size that
include a controlled and a thinned plot and were set aside for
research in the 1930's. The control plots are essentially areas
that have been Ileft untouched; no evasive research has been
conducted on them and traffic on the plots is kept to a minimum.
The thinned plots were forested to increase timber vield. Thus,
the smaller and less profitable trees were harvested (B.F. notesg).
The records for these plots are updated each vyear by measuring the
diameter of the trees and rating their canopy.

The plots sampled in this study are the Arthur's Brook
control plot, 4A2C, between White O0Oak Trail and Arthur's Brook:

Mount Misery plot, 524, and Bog Meadow, 9A2. Cores were taken from
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the perimeter of these sites to eliminate introducing any
anthropogenic involvement or unaccounted stress on the actual
plots. Data collection on Mount Misery ventured some distance away
from the long term plot (heading up the Northeast face of the
mountain) in order to find trees that were older and growing undef
stressed conditions (Map 1).

A.i. Data Collection
Materials: 1/8 inch increment borer, tree ID tags, large straws,
diameter tape, slope reader, wooden mounts, microscope with
moveable stage, and sand paper

Approximately ten to twelve Chestnut Oak trees were chosen
within a site in close proximity to one another. They were then
tagged and their breast height diameter taken and recorded along
with the slope for the area. Trees were cored using an 1/8 inch
increment borer (for a thorough description of standard coring
procedure consult Maeglin, 1979). Two samples were taken at breast
height adjacent to one another and approximately every fourth
specimen a basal core was taken to age the tree. Cores were then
extracted, labeled, and stored for transport in large straws.

Once dried, tree cores were mounted and analyzed at Lamont
Doherty Tree-Ring Laboratory. Cores were glued, cells facing up in

wooden mounts and finely sanded. They were then dated and each
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ring measured using an Acurite program, a fixed microscope that is
attached to a precise micrometer moveable stage (Maeglin, 1978)
that downloads the measurements to an attached computer.
Measurements are taken at the end of each ring by pressing a button
as the ring passes the cross hairs in the microscope and then
stored.

Initially cores are cross-dated with other cores for guality
control. Cores are usually compared with other specimens to
"establish trends in vears to accurately date the cores. Cross
dating, places an exact year to each ring and accounts for missing
or doubkle rings. For example, the majority of trees at B.F. have
narrow rings from 1960 to 1965 when a severe drought in New York
State depleted the reservoir system in the area by 45% (Hughes,
1982). Raw measurements were analyzed by COFECHA, a computer
program that detects anomalies in the measurements commonly used by
dendrochronologists at Lamont.,

The master chronology consists of two or more cores from 10+
trees of a single species at a site. The ring widths are
standardized by curve fitting techniques designed by Ed Cook,
called Arstan, and averaged each year to produce a mean value
series (Cook, 1977). Lastly, once the percent error is minor

between the correlation factor of the cores, the final chronology
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was compared with precipitation, temperature, PDSI data.
B. Simulations

GAPS is a dynamic forest model that represents soil, plant,
and atmospheric processes in a variety of ways (Riha et. al, 1994).
It 1s designed to be user-friendly and allows manipulation of
parameters and view graphs to¢ make the program site speéific.
Three profiles: site, tree and soil, were amended in the model so
the simulations would berspecific to Black Rock Forest. These
separate files go 1inte creating a simulation of metabolic
activities in the tree for each year's data entered. Two separate
plots were modeled; one consideréd stressed and the other non-
stressed. The differing factor between each -site is mainly the
soil prqfile in each. The pore space and composition of the soil
is the variable factor. The Arthur's Brook plot, 4A2C, was chosen
as the non-stressed site: the trees show a complacent signal, the
s0il adeguately holds water, canopy is open, and there is little
competition amongst trees. The Mount Misery site, 5Aa4, in
comparison is our stressed sight: soils are shallow, run-off is
high, and the majority of the trees are growing on steep, rocky

inclines.
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B.i. Site Characteristics

The location file was designed for Black Rock by Dr. Jennifer
Phillips (table 1). Black Rock Forest is located at 41.23 degrees
latitude and it's elevation is approximately 350 meters. For both
plots, the site profiles are the same.

TABLE 1-- BRF LOCATION FILE FOR GAPS 3.0

Black Rock Forest # LocationName (s70)

41.23 ¥ Latitude (s) [°N or s]

43200.0 # TSN (s) is] _
1.10 # Alpha (s) (Priestly-Taylor coefficient)
20.000 # BLC (s) [W/m2 X]

1 # RainFirst {(I) [hj

24 # Rainlast (I} [h]

2.000 # WindHeight (s) [m]
- 350.0 # Elevation {s) [m]

0.050 # Depth_of_evap {s) {m]

B.ii. Climate Processes

The climate data, like the tree-ring analysis was based on
data from West Point. However, my data was downloaded from the
Lamont Doherty Web Site, www.ingrid.l&eo.columbia.edu, from their
link to the National Climate Data Center (NCDC) {(10/4/%6). NCDC's
precipitation and temperature data is recorded as monthly averages
for West Point, while GAPS is based on daily analysis of growth.
temperature data was averaged into highs and lows and spread
through out the month. Precipitation data was spread throughout

each month in balance with the average number of days it rains each
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month at BRF. (Corresponding solar radiation values were then added
from averages measured in Milibrook, New York. This weather
station is the closest to BRF, approximately forty miles northeast,
that had pre-existing solar radiation data at the time this
research was undertaken.

Potential evapotranspiration, the total potential water loss
from the soil, including evaporation and plant transpiration 1is
calculated using an equation developed by Priestley and Taylor
{(1972). This eguation is ideal for our model because it does not
require wind speed data, relative humidity or vapor density. The
equation is:

'Sim.ETP———'loca.ALPHA* (NetRad-G) * (SSVD/ (SSVD+PSYCON) } /LAMB

Where sim.ETP is the simulated evapotranspiration (kg/m2),
loca.ALPHA is the Priestly-Taylor factor (1.08-1.50), NetRad is the
net radiation (W/m2), G is the soil heat flux (W/m2), SSVD is the
slope of the saturation vapor density function (kg/m3 K), PSYCON is
the psychrometric constant (0.494 g m-3 K-1), and LAMB is the
latent heat of vaporization of water (2450 J), (Riha et. al, 1994).

B.iii. Canopy Transgpiration

Growth begins on April 15 and ends on October 15, a typical
growing season in BRF. The leaf-area index (LAI) is constant at 3.5

m2/m2. LAI does not fluctuate during the growing season, instead a
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constant canopy model was used. Thus, there is no account of

budding in the Spring or slow defoliation in the fall.

Table 2-- Tree Profile for GAPS 3.0

CONSTANT # crop.PlantName (s70) []

1G5 ¥ crop.SowingDate {I) [d]

288 # crop.HarvestDate (I) [d]

0.0020 # crop.RootRad {s) [mlroof radius

2.5E+0010 # crop.RootRes (s) [md/kg s]root resistance

2 # crop.FRoot (I) [iIfirst layer w/ roots

7 # crop.NRoot (I} [llast layer w/roots

50000 # crop.RootDens[2] (s) [m/m3]; for n:= FRoot tc NRoot
130000 # crop.RootDens[3] Root density in each layer
160000 # crop.RootDens[4]

150000 # crop.RootDens{5]

12000 # crop.RootDens{6]

5000 # crop.RootDens[7]

0.75 # crop.AS (s) [lshort wave absorption
3.50 # plant.LAI (s) [lleaf area index

The LAI was measured using a spectrometer. Approximately 600
readings were taken at low and high LAI locations along the
perimeter and criss-crossing the sites. The data obtained from low
and high LAI deciduous sites were averaged to make one combined
number to represent an average site in BRF.

The Potential plant transpiration (EP) is based on potential
evapotranspiration (EQ) from above and an assumed relationship
between LAI and light interception, written as:

EP=EQ* (1.0-EXP(-K*LATI))
Where K is assumed equal to 0.5. The actual transpiration is the

water uptake by the tree. At a minimum that water uptake is
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proportional to root density in each soil layer and soil water
content.

B.iv. Soil Characteristics and Water Flow

The difference between the sites is based on the soil
profiles. Soil sampliling was conducted in the long term plots,
during the summer of 1995, along two transects that ran along the
axis of the pilots. Six samples were taken in each prlot equa-
distance from each other using a flat-edged shovel. Samples ranged
from 6-10 inches in length'and approximately one inch in width.
Organic layer was removed and the sample was measured by
distinctions in organic layer, top soil, and sub-soil. The six
samples were combined to make one composite sample of the ares.
Samples were then dried, weighed and sifted.

The results from these sampling went into constructing the
Soil file for GAPS. The factors used to distinguish between
stressed and non-stressed soils are the drained upper limit (DUL},
and the lower limit (DLL) which are defined for each layer with
units of m3 water/m3 soil volume. The DUL, or £field capacity,
defines the amount of water held in a layer after drainage by
gravity has more or less stopped. DLL 1is the water content
remaining in the profile after the plants have removed all the

water they can with root uptake. The table below defines the
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values used for each of the soil lavers for stressed and non
stressed simulations. As can be seen in Table 3, both soils are
characterized as having a depth of 0.185 meter. However, the
distinction is made with DUL. For Mount Misery, it is lower than
Arthur’s Brook to reflect the low water content at field capacity
of glacial till.

Table 3~- Soil File for GAPS 3.0

Site 4A2C
non-stressed soil (m3/m3)

Site 5a4
stressed soil profile {m3/m3)

Depth DUL DLL Depth DUL GLL

(m) (m}

0.01 0.340 0.1800 .01 0.3240 0.1800
0.027 0.340 0.18040 0.027 0.340 0.1800
0.07 0.330 0.1800 0.07 0.290 0.1800
0.105 0.330 0.1800 0.105 0.2990 0.1800
0.14 0.280 0.1900 0.14 0.260 0.1500
0.185 0.280 0.15800 0.185 0.260 0.180C0

Water flow through each of these layers is depicted using a
Tipping Bucket model. It is easiest to understand if briefly one
imagines each soil layer as a bucket, with holes somewhere below
the rim. Saturation is represented when the bucket is full; DUL
after draining to below the holes; DLL after plants have removed
what they can. In this model water only flows downward.

The soil in the 5A4, Arthur’'s Brook (stressed), site is

classified as Rocky outcrop-Hollis complex (ROD), steep to
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moderately steep and excessively to well-drained{Orange County Soil
Survey). It is characterized by exposed bedrock with a thin mantle
of glacial till over a schist, gneiss or granite bedrock and
available water capacity is low or very low with rapid run-off.

ROD compeses the majority of the soil at BRF. OQur non-stressed
site, 4A2C, has only slightly better conditions. It is described
as Hollis soil, sloping (HLC). This surface soil is fine sandy loam
and commonly gravely with areas that have a thicker soil mantle
over the bedrock. Permeability is moderate here with medium run-
off. In general standards this would sgtill be c¢onsidered =
stressed soil, but thin, gravely soils dominate most of BRF ;hus
any upgrade from the ROD is an improvement. For example, very
porous soil and larger grain size will bé very well-draired and
provide little soil-water retention, this would be a stressed site.
A non-stressed site would have a high scil-moisture content, good
reteﬁtion, and low porosity. It's composition could be a sandy

loam where water is retained and roots have access to it.
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IV. RESULTS
A, Dendrochronology

The three sites at B.F. showed varying results in their
comparison with temperature, precipitation and PDST and they are of
different ages. The COFECHA and Arstan normalized ring width data
is included in Appendix A.

A.i. Arthur's Brook

The Arthur'’'s Brook plot is characterized by two sets of long
term plots in front of one another. The coring occurred midway
between the two sets of plots. Sampling began near Arthur’s Brook,
which flows at the base of the plot, and continued up a slight
slope towards White Oak Trail. The majority of samples were taken
away from the water source where the landséape plateaus, soils
become shallower, and the land is pocked by gneiss outcrops.

In Arthur's Brook plot, 4A2C, there were 44 cores measured,
with the oldest dating back to 1851. The ARSTAN master chronology,
Figure 6, depicts the ring-width index for the site with a series
intercorrelation of .633. Widths range between a high of 1.45 for
the growth year of 1881 and a low of 0.54 for 1854. It should be
neted even though the oldest core dated back to 1851, the
correlations are made from 1891-19990. This shortening of the

master chronology time series is to decrease statistical
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uncertainty. The later the time series begins the higher the
number of cores that can be included in it. Figure 7 is the
correlations of ring-width to temperature and precipitation for a
denrochronological vyear from May of the preceding summer to
September of the growth year; a year and a half. Correlations are
significant above +0.2 and below -0.32. Correlations exceeding
approximately .20 are significant at the 95% level, using a two-
tailed test. For temperature, there was a high positive correlation
with the preceding January and a high negative correlation for the
current June. For precipitation, the strongest correlations were
with September of the préceding year and with June of the current
Year. In agreement with the precipitation results, the PDSI of the
September before the growth vear 1is highest, indicating that

stresses in the late summer affect growth for the following Spring.
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A.ii. Mount Misery

The Mount Misery plot, 524, had the oldest trees cored. The
long term plot sits at the base of Mount Misery. Sampling headed
up the east side of Mount Misery and culminated with samples taken
at the top along the rockier, steeper edges of the site. There
were 43 samples taken with a geries intercorrelation of .633. The
oldest dated ring was 1806. From the Artstan master chronology
(Figure 10) the largest ring was laid in 1828 and measured at
1.651. The narrowest ring was in 1845 at 0.638. The correlations
between ring-width and climatic data are from 1892—1990 and have a
correlation coefficient of 0.2. Figure 11, illustrates the
relationship between temperature and precipitation and the ring
width. Similar to the results from Arthur’s Brook, there is &
significant positive correlation with September pPrecipitation and
the following June precipitation, and a negative correlation for
temperature in the following June and a small negative correlation
for January. For PDSI, (Figure 12) the significant correlation
coefficient is 0.220. Again we see the high correlation for the
September before the growth season, as well as, correlations

greater than 0.220 for December and Januéry.
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A.iii. Bog Spring

Bog Spring is located on a rise across from the Hill of Pines.
There is a moderate incline going up from the road. From the
topography it looks as if an old logging recad at cne time ran near
to the plots. There were 46 cores analyzed from site 9a2. Figure
13, depicts the Artstan chronolegy. The master chronology is from
1841 to 1994; 154 vyears. Between each core there is a series
intercorrelation of 0.612. The largest ring is in 1881 at 1.408,

while the narrowest ring would be in the preceding decade in 1873

at 0.593.

Figure 14, shows the correlation between West Pqint
temperature and precipitation with Bog Spring ring widths. Note
the correlations are based on data for the years 1891-1990. As

with the past two sites, the cut-off for significant correlation is
- 0.200. There is a high positive correlation for precipitation in
the previous September and the current June, while there is a high
negative correlation for temperature in that same June. The PDST
correlations are in Figure 15. Again there is a higﬁ correlation,
over 0.220, for the previous September, as well as January, and the

current March.
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B. Model Results

Table 4,

contains

the actual transpiration and potential

transpiration data resulting from the simulations. (All simulation

output files are in Appendix B). A stress index of 1 would indicate

that the tree is meeting the potential demand and is not growing in

a stressed environment.

stressed sites the ratio never meets one.

However,

are consistently operating at half their potential.

note that even in our non-

The trees in both sites

Table 4--Actual transpiration(AT) and Potential Transpiration(PT)
in Stressed and Non-stressed Sites

Stressed--5a4

Non-Stressed-~-4a2C

Year AT (mm) | PT (mﬁ) AT/PT AT (mm) PT (mm) AT/PT
1577 143 408 0.34 156 498 0.38
1978 ios 400 0.49 218 414 0.55
1979 189 414 0.46 218 414 0.53
1980 77 441 0.17 44 441 0.18
1981 103 425 0.24 120 425 0.28
isgs2 223 392 0.57 246 392 0.63
ig83 129 409 0.31 148 409 0.36
1584 122 408 0.30 151 409 0.37
1985 248 408 0.61 273 408 0.67
1986 204 424 0.48 222 424 0.53
1987 164 407 0.40 174 407 .43
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Figure 16 shows the ratio of actual over potential
transpiration. Although soil profiles were different for each
site, the stress index appears very close. My results do not
fall over a wide range. However, such a stressed environment is

accurate for BRF considering that the majority of the forest

soils are rocky and very porous.

Figure 16

AT/PT for stressed and non-stressed sites

0.7
0.6
0.5
{—
& 04
|—
g 03
0.2
0.1 —e—stressed
o ; : f ; : : : } } —m— nostress
P~ [s 0] (o] (=] — o (32} =t Lo [a] I~
I~ I~ P s8] =] =] [re] e ) Q o« ©
[»] (o>} N (=] [3>] [s5] (o] oy [w>] (o)) [=]
— ~— — ~ — — — — ~— — ~—

year

39



B.i.Stress Correlation and Precipitation

As with the tree-ring analysis, each site's stress level was
analyzed individually in comparison to precipitation. As stated
previously, this is important because the stress index should be
proportional to the soil type and precipitation levels. Figure
17 and Figure 19 shows this association between AT/PT vs.
precipitation for 4A2C, the non-stressed plot, and 534, the
stressed site. Observe the corresponding trends between the
amount of rain and the stress ratio. The marker year of 1980 is
well noted in each site. 1In general, because 1980 was such a hot
dry summer it is easily detected in all the comparisons. The
rain levels and the stress index are in synch in 4A2C from 1977-
1978, 1979-1982, ;983—1984, and 1985-1986. Graph 18 calculates
the correlation, for 4A2C, between the two factors and plots the
best fit line to establish a linear relationship. The
correlation coefficient is 0.3394. Figure 19, shows the AT/PT
and precipitation for 5A4. ©Note there are similar trends to the
4A2C sites, although the years 1983-1984 show the reverse
relationship to the precipitation. Figure 20, graphs the
statistical significance between the two. The R,= 0.2703. ZAgain

this number is relatively small for a correlation. This low
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number indicates that seasonal patterns of rainfall may influence
the seasonal cumulative stress experienced by the trees.

B.iji. Stress, Precipitation and Ring Width Correlation

Precipitation, ring width and stress index numbers each show
similar trends through out the decade analyzed. It i1s beneficial
to first observe the relationship between ring width and
precipitation and then build on from there. Figure 21 and Figure
22 exemplify the relationship between rainfall and tree growth.
Present in both charts is a annual regressive element. As stated
previously, 1980 was an extremely hot, dry summer which reached
it's pinnacle between August and September. Monthly average
precipitation values were 3.66 mm and 3.58 mm respectively.
Both of these low numbers were observed in the stress index.
However, tree-rings did not record this stressy growth
environment until the following vear. Because of the correlation
between ring width and previous August to September rainfall and
current June levels, a late summer drought like the one
experienced in 1980, would not be observed in ring width

measurements until the following season.
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After establishing the above correlations, we can go on to
developing the relationship between the AT/PT and the tree-ring
widths. Figure 23 and Figure 24 shows the relationship between
AT/PT and ring width for sites 4A2C and 5A4. Here again we see
the yearly regressive element between ring width and AT/PT. Graph
25, compiles each site information into one graph. Although
there is a difference between 4A2C and 5A4 once again we can
ohserve that BRF growing coﬁditions are stressed even in what
would be considered a complacent site (refer back to Figure 4).
Lastly, all three variables are combined into Figures 26 and 27

for each site.
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B.iii. Explaining anomalies

To account for the most anomalous peoints; peints where there
is a drastic inverse relationship between stress and the ring-
width and precipitation data, mainly 1982-1983 and 1984-198%5, we
can analyze the monthly precipitation values from West Point. If
we consider the tree-ring growth correlations correct, then
growth in the chestnut cak should be affected by prior August to
September and current June to July precipitation values. Thus,
monthly precipitation values for the years 1982-1984 should give
us some insight to the seemingly contrasting results. However,
before we so this, we can test the hypothesis of the tree growth
correlation.

It is easiest to look at the monthly precipitation values
for 1980. This is not only a marker year in all of ocur analyses,
but there ;s a drastic year lag between the stress index and the
tree-ring width. Temperature correlations could be used for this
analysis. However, from previcusly presented data, it was
determined chestnut oak has a stronger precipitation signal.
Figures 28 and 29 illustrates the relationship between the
monthly stress and precipitation numbers. One can immediately
observe the strong correlation between the two sets of data. The

correlations are much higher when stress is compared to monthly
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figures. Figures 30 and 31 show the significance for the
relationship of 1980 monthly precipitation values and the stress
index level. For 5a4, the monfhly correlation coefficient is now
0.6578. While for the non-stressed, 4A2C site, the correlation
is now 0.9182. The lowest ratio of AT/PT corresgponds with the
lowest precipitation numbers in the month of September. The
stress index for September of 1980, is 0. The tree could not
meet any of the water demand from the atmosphere. This of course
corresponds to the hypothesis that chestnut oaks have a high
growth correlation to the previous September precipitation
values. June and July rain fall numbers are also moderately low
in the following 1981 growing season (appendix C) which
corresponds with the strong correlation between current June and

July precipitation and ring-width.
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Correlation of Monthly Precipitation and AT/PT--5A4
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Once this relationship has been established, by the tree-

rings, and tested, by the model, we can try to explain the

anomalous points.
growing season 1979-1985. A full year's data was not used because

the model does not simulate winter metabolic processes.

Table 5 summarizes the monthly data for the

C has the total monthly precipitation records.

2ppendix

Table 5-- Monthly Total Precipitation Values for the Growing

Season 1979-1985

Month 1879 1980 1981 1982 1983 1984 1985

April 132.1 234.12 |127.08 [127.08 {309.72 [50.28 50.28
May 141.28 | 43.89 155.65 | 155.65 | 143.66 [312.4 177.43
June 45.2 90.64 76.64 160.57 |51.04 66.88 102.8
July 42 .4 86.4 87.5 80.73 83.1 219.7 150.1
August | 154.9 32.94 27.63 118.44 |107.91 |42.48 101.97
Sept 148.1 21.48 34.44 37.8 44.94 30.96 79.38
Oct 172.2 71.36 79.68 20.72 130.08 | 33.36 39.6

Briefly, if we examine the data for 1975-1980 again, we see

again, that September 1879, was an extremely wet month and that

June of 1580 was a moderate to highly moderate wet month. This

explains why a drought hitting the Hudson Valley late summer

would not be seen in the tree-rings until the following growing

sSeason.

The inverse relationship between stress and rain faill in

both sites for the years 1982-1983 and 1984-1985 can also be




explained. 1983, in total precipitation was a slightly higher
than that of 1982, however the model results indicate that stress
increased in 1983. This may be accountable because of the low
September to October precipitation values the following year and
the low precipitation values for that current June and July. This
also explains the decrease in stress level between the years of
1584, a high stress year, to 1985, a low stress vear, while the
precipitation for the area decreased. From the table, we see
that precipitation values were high in that current June and July
probably relieving much of the stress on the tree and that

rainfall was distributed nicely all season.
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V. DISCUSSION

A. Tree-Ring Correlatioms

The master chronologies obtained from each site (Figures 13,
10, and 7), depict the similarity of chestnut oak growth across
differing site parameters. In each chronology there is some
similar trends. From 1965-1968, a period of low precipitation ip
the Hudson Valley, there are narrow rings at each site. This is
also true for sites in Mohonk, New York (D'Arrigo, 1992) which
show the same narrow ring trend. 2Another common marker yvear is
1981. At all three sites, this is an extremely narrow ring,
_ranging from 0.584-0.689. This is in synch with the dry and
exceptionally hot August and September summer of 1980. There is
a regressive component to the slowing of tree growth. Although
1980 had a hot dry summer it is not seen in the tree ring's until
the following growth season, when because of the stressed
environment the year before, coupled with secondary low
precipitation values for 1981 and 1982 the tree finally was
atfected by the surrounding climate. It also should be noted
that during the summer of 1980 B.F. was also plagued by a gypsy
moth outbreak that should not be discounted when considering the

tree-ring growth (Lawrence, 1995} .
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The overall nature of the correlations for each site give us
some insight to the growth habits of the chestnut oak. Rach
correlation shows a strong positive relation between the previous
September and the current June precipitation and growth. This
exemplifies the strong connection between _g?owth and
precipitation in the chestnut oak. A strong August-September
precipitation signal allows for some releage growth in the late
wood, as well as, permitting some retention of carbohydrates and
nutrients for the following growth season {Kozlowski, et al.
1592) . The PDSI data for each sight alsoc confirms the strong
positive correlation for previous September growth.

June-July Precipitation is another high positive cprrelation
in the ring series. FEach site has this positive relationship as
well as a negative correlation for temperature in the same month.
The high summer temperatures will limit the tree's growth, thus
any high precipitation values'during this same period will
positively affect growth. This again is in support of the
importance of drought stress in this species. Chestnut oak's
ability to live in well-drained soils makes their growth highly

dependent on the moisture supply {LeBlanc, 1992).
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B. Correlation of Simulations, Soil, and Precipitation

The simulation model of the stress index, actual
transpiration over potential transpiration, illustrated the
strong relationship of precipitation and soil tvpe on the stress
of a tree. We can deduce the importance of soil composition and
mechanics, by observing these sﬁress index numbers to tree-ring
widths. For example, again we can look at 1980. The yvearly
AT/PT for 1980 at the 5A4 stressed site was 0.1746. When GAPS is
manipulated to simulate a more productive soil, possible a siity
loam capable of high organic vield, with the same precipitation
conditions, the stress number increases, relieving stress. For
one such run where the soil conditions were altered in our 1980
scenario file, the new stress index number was 0.236. This is
still relatively low, but much higher considering the climatic
conditions late in that year’s growing season.

Monthly correlations for 1980, illustrated the strong
relationship of monthly stress levels in a tree to monthly
precipitation levels. When the stress level was compared to
annual precipitation we saw a low correlation number. However,
the significance of our correlation increased dramatically when

monthly ratios were calculated.
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C. Correlations of Tree Ring and Simulations

When analyzed, a noticeable regressive relationship between
the stress level ratio and the tree-ring widths were observed.
In 1980, despite the below average precipitation in August and
September, the ring width increased from the previous vyear
instead of decreasing. This relationship was tested under the
premise of a high previous September and June precipitation
correlation with ring width. As noted previously, September of
1979 had high rainfall, with a low stress index, this coupled
with the above average precipitation in June contributed to the
wide ring width. The trees did not experience any stress in 1980
until late into their growth season during the months of August
and September. Iﬁ was this late season water deficit that
contributed to the observed narrow ring in 1981. However, in
total annual precipitation 1980 was not low. It is only when we
observe the monthly rain distribution throughout the growing
season that the stress level can be extrapolated.

Having the previous September and current June correlations
from ring widths coupled with the strong relationship of monthly
rainfall and stress index values for 1980, seemingly anomalous
years such as 1982-1983 were able to be analyzed and understood.

Annual precipitation and tree-ring widths from 1982 to 1983

66



slightly increased while the stress index of the simulated tree
dropped significantly. This would seem to be the exact opposite
of what we would expect considering the strong relationship cof
precipitation to stress levels. However, when monthly
distribution of rain was analyzed we saw a high August to
September precipitation in 1982 and a moderately high July
precipitation level for 1983. This can explain the differences
in results for the two indices.

Here it 1s also important to note the role of solar
radiation and the demand of potential evapotranspiration during
the growth season. Potential evapotranspiration (PET), the
demand for water from the atmosphere, roughly follows the levels
of solar radiation throughout the year {Campbell, 1992). Solar
radiation peaks during the beginning of summer, June to early
July, which, not surprisingly corresponds with the relationship
between tree-ring growth and June precipitation and temperature.
Thus, trees are surviving in this tentative balance of supply and
demand of water during the summer. PET is highest during months
when rainfall is at it’s lowest. This confirms the dependency of

growth on water supply and uptake during these months.
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VI. Conclusion

From the dendrochronology analysis and the outputs from GAPS
it is obvious that a relationship not only exists between tree
growth and soil composition and mechanics, but that the addition
of a simulator can further our understanding of the correlations
between ring width, soil stress, and monthly precipitation
levels. This research was undertaken to examine chestnut oak
growth at Black Rock Forest through the study of tree-rings and
on a broader scale to bring some new insight to the role of soil
in dendrochronclogy and the range of climatic patterns .

The results obtained from the dendrochronology analysis in
each site correlates previous September and current June
precipitation Qith the tree growth. This September correlation
is aliso reaffirmed by the high PDSI correlations with the ring
width indices for each site.

The stress index level obtained for sites 4A2C and 5S3a4
showed the correlation betwéen the ratio of actual transpiration
over potential transpiration to precipitation and ring width.
From my results, years that are plagued by extreme conditions
late in the growing season, namely 1980, showed highly correlated
results between AT/PT and precipitation for that year and ring

width for the following year.
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These three correlations: precipitation to ring width,
stress index to precipitation and ring width to stress index have
a stronger relationship when considered on a monthly time scale
versus an annual one. This analysis has established the
importance of considering water stress and soil dynamics when
examining tree growth. We have seen the role of soil and how it
can affect what the stress is on a tree. 1In the long run, it
might be less accurate to establish a paleo-climatic record from
tree-ring studies with out also considering the interactions

between tree, solil and water on a micro-level.
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VI. Recommendations

This research was able to further understanding of the
importance of soil water balance in a tree. However, if further
research was undertaken it would be worth while to set up GAPS to
model photosynthesis with a fluctuating canopy which occurs in
nature. For our model there was a constant LAT which did not
account for budding or a slow defoliation process in the fall.
The importance of rainfall redistribution falling on a canopy
could not be calculated (Landsberg, 1986).

It also would be important to understand what metabolic
processes were occurring in the tree during the winter when
photosynthesis has stopped. It is assumed that there is a stored
amount df carbon, water and nutrients which allows the tree to
bud the following spring, this was not modeled. It would take
further model development to actually calculate ring width rather
than a stress index. In the long run, this would make the proven
relationships of previous September stress with following vear
growth more explicit.

Lastly, if there was more time it would be interesting and
useful to have the leisure to model many different variabilities
within climate and soil to see the results. These manipulations

were only tried briefly with this thesis.
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[]. DENDROCHRONOLOGY PROGRAM LIBRARY

I PRO

GRA COFECHA

Run ABU Program COF 15:11

Thu 24 AUG 1995 Page 1

T T T T T e o e e e e e e e e

QUALTTY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS

Title of run:

File of DATED series:  ABGQUPR.RWL

CONTENTS:

Part 1:
Part 2:
Part 3:
Part &4:
Part 5:
Part 6:
Part 7:

Arthur’s Brook -- Quercus prinus

Title page, options selected, summary, absent rings by series

Histogram of time spans

Master series With sample depth and absent rings by year
Bar plot of Master Dating Series

Correlation by segment of each

Potential problems: lLow correlation

Descriptive statisties

RUN CONTROL OPTIONS SELECTED

-

MO~ WM

Time span

Cubic smoothing spline 50% wave

Segments examined are
Autoregressive model applied

Series transformed to logarithms

series with Master

VALUE

tength cutoff for filtering
32 years

50 years lagged successively by 25 years

, divergent year-to-year changes, absent rings, outliers

A Residuals are used in master dating series and testing

Critical correlation, 99% confidence level  .3281

Master dating series saved
Listing of ring measurements in
Parts printed

Absent rings included in master

of Master dating series is 1854

Continuous time span is 1854

Portion wi

ABSENT RINGS listed by SERIES:

th twWo or more series is 1854

N

Part 6 N
1234567

series N

to 1994 141 years
to 1994 141 years
to 1994 141 years

L a2 e g s o 0 D L s o T T e W

*C*
*0*
*® F”
*Et
Lot
Yk
*A*

No ring measurements aﬁ%iero

Number of dated series L, *Cx
Master series 1854 1994 141 yrs *0*
Total rings in all series 5192 *p*
Total dated rings checked 5192 *g*
Series intercorrelation .633 *C*
Average mean sensitivity 214 *H*
Segments, possible probiems 1 *A*

derdedendedr et de e dode e s de ok A e A Rk ek kR Rk kR kR kR

(See Master .Dating Series for absent rings listed by year)

value

Y Each series log-transformed for master

dating series and testing



111 . DENDROCHRONOLOGY PROGRAM LIBRARY

T

{1 P4RT 2: TIME PLOT OF TREE-RING SERIES: Arthur’s Brook -- Quercus prinus

Run ABQ Program COF

15:11

2 ettt ittt Bt et o

1000

LI

1000

1100

1100

1200

1200

1300

1300

1400

1400

1500

1500

L

1600

1600

1700

1700

1800

1800

1900

1900

2000

Thu 24 AUG 1995 Page 2
Version 1,24P 22152

Beg End
Ident Seq year year Yrs
- ABQSO4SE 1 1388 1994 107
. ABQ%20W 2 1877 1994 118
ABQF1SNW 3 1874 1994 121
ABQP1SSE 4 1875 1994 120
. ABQFOSNW 5 1854 1994 141
. ABQYO7SE 6 1843 1994 132
. ABQIISE 7 1877 1994 118
- ABQYOBSE 8 1860 1994 135
. ABQYOSNW ¢ 1875 1994 120
. ABQ913E 10 1862 1994 133
. ABQPOIE 11 1918 1994 77
. ABQR13W 12 18566 1994 129
- ABQPOSSE 13 1860 1994 135
. ABQ916SE 14 1884 1994 111
- ABQII4SE 15 1854 1994 139
=>. ABQ913 16 1855 1994 140
ABQPOZNW 17 1B92 197¢ 88
. ABRGO2 18 1920 1994 75
. ABGP10SE 19 1858 1994 137
. ABQ918S 20 1878 1994 117
ABQROSSE 21 1877 1994 118
ABQYOZSE 22 1895 1994 99
. ABQRITSE 23 1876 1994 119
- ABOSOIN 26 1889 1994 106
. ABQSTINW 25 1865 1994 130
. ABQY19 26 1870 1994 125
. ABQ9Z0E 27 1876 1994 119
- ABQY14NW 28 1854 1994 141
. ABQ91BN 29 1879 1994 116
ABQF12W 30 1B60 1994 135
ABQP04NW 31 1888 1994 107
ABROTINW 32 1845 1994 130
ABQPI7NW 33 1875 1994 120
- ABQP10NW 34 1859 1994 136
. ABRPIONE 35 1879 1994 116
. ABQ9I9SE 36 1862 1994 133
. ABQPOYSE 37 1861 1994 134
. ABQPQ1S 38 1902 1994 93
ABQP0SNW 39 1858 1994 137
- ABQYO8BNW 40 1860 1994 135
. ABQYO3NW 41 1890 1994 105
- ABQF1ENW 42 1885 1994 110
- ABQY1Z2E 43 1854 1913 60
- ABQ912E 44 1920 1994 75

2000



PART 3: Master Dating Series: Arthur’s Brook -- Quercus prinus 13:11 Thu 24 AUG 1995 Page 3

Year Valus No Ab Year Value No Ab Year Value MNo Ab Year Value No Ab Year Value No Ab Year Vatue No Ab
P

1900 1.042 40 1950 315 43
1901 459 40 1957 -.065 43
1902 595 41 1952 1.035 43
1903 822 41 1953 1.353 43
1854 1.470 3 1904 1.651 41 1954 -.620 43
1855 .831 4 1905 .292 41 1955  .068 43
1856 170 5 1906 179 41 1956 344 43
1857 -.757 5§ 1907 -.050 41 1957 -.848 43
1858 -.304 7 1908 .330 41 1958  .072 43
1859 1.514 8 1909 -.835 41 1959 -.716 43
1860  .738 12 1910 -.799 41 1960 1.165 43
1861 260 13 1911 -.770 41 1961 .640 43
1862 .284 15 1912 -.958 41 1962 -.839 43
1863 .370 16 1913 -1.277 41 1963  .612 43
1864 -1.955 16 1914 .881 40 1964 1.332 43
1865 -.110 18 1915 -.761 40 1965 -1.421 43
1866 -.643 19 1916 1.258 40 1966 -1.004 43
1867 .222 19 1917 1.236 40 1967 -1.107 43
1868 -.320 19 1918 -1.061 41 1968 -2.122 43
1869  .127 19 1919 -.195 41 1969 -.237 43
1870 .108 20 1920 2.064 43 1970 -.407 43
1871 .083 20 1921 1.643 43 1971 -.926 43
1872 -1.394 20 1922 .934 43 1972 .490 43
1873 -3.413 20 1923 -.793 43 1973 097 43
1874 1.119 21 1924 -.213 43 1974 722 43
1875 714 24 1925 (447 43 1975 1.109 43
1876 -.635 26 1926 -.854 43 1976 1.695 43
1877 317 29 1927  .405 43 1977 .803 43
1878 374 30 1928 -.427 43 1978 921 43
1879 1.031 32 1929 -.993 43 1979 .072 43
1880 .466 32 1930 -1.435 43 1980 1.639 42
1881 1.777 32 1931 -1.775 43 1981 -2.287 42
1882 .288 32 1932 1.212 43 1982 -.823 42
1883 -.014 32 1933 -.864 43 1983 -.750 42
1884 -.592 33 1934 077 43 1984 -.320 42
1885 -.693 34 1935 327 43 1985  .671 42
1886 -.033 34 1936 -.324 43 1986 -.595 42
1887  .772 34 1937 1.829 43 1987 -.288 42
1888 .404 35 1938 1.430 43 1988 -.624 42
1889 1.489 37 1939 1.304 43 1989 -.314 42
1890 772 38 940 069 43 1990 .75%¢ 42
1891 -.613 38 1941 141 43 1991 104 42
1892 -1.597 39 1942 -.768 43 1992 1.367 42
1893 -1.800 39 1943 - 627 43 1993 -.680 42
1894 -2.256 39 1944 -.956 43 1994 257 42
1895 -1.207 39 1945 -1.618 43
1896 .073 40 1946 662 43
1897 -.180 40 1947 2.032 43
1898 -.770 40 1948 -.641 43

1899  .256 40 1949 -1.501 43



RART 4: Master Bar Plot: Arthur’s Brock -- Quercus prinus 15:11 Thu 24 AUG 1995 Page &

Year Rel value Year Rel value Year Rel value Year Rel value Year Rel value Year Rel value Year Rel value Year Rel value

1900---=----- D 1950------ A
1901------- B 1951----a
1902+ ~----- B 1952--------- D
1903~ ------ B 1953--------- E
1854~ --mmmoae F 1904------~--- 6 1954---b
1855-------- € 1905------ A 1955----- a
1856----- A 1906------ A 1956- -~~~ A
1857--¢ 1907----- a 1957--¢
1858----a 1908------ A 1958-----a
1859------non- F 1909--¢ 1959--¢
- - - __ 1860-------~ c  3910--¢ 1960+ -------- E
1861-~---- A 1911--¢ 1961-~----- C
1862------ A 1912-d 1962--¢
1863------ A 1913-e 1963------- B
1864h 1914----=--~ D 1964-----==nn E
1865----3 1915--¢ 1965¢
1866---c 1916--~=----- E 1966-d
1867------ A 1917---=----- E 1967-d
1868----5 1918-d 1968h
1869----- A 1919----a 1969----a
— - - - 1870----- 3 1926--+=------ H 1970---b
1871~---- a 1921w emnmneo G 1971-d
1872¢ 1922-------- D 1972------- B
1873n 1923--¢ 1973-~--- a
1874~ ===~ D 1924----g 1974 =nnmm c
1875-~------ L' 1925------. B 1975-==v-mon- D
1876---¢ 1926--c 1976 == annnn G
1877-~---- A 1927------- B 1977-----ean c
1878------- A 1928---b 1978----==-- D
1879------nn- D 1929-d 1979----- )
- - - - 1880------- B 1930f 1980~ ------- 5
1887-------n-- g 1931g 1981§
1882------ A 1932--~------ E 1982--c
1883----- 2 1933-c 1983--¢
1884---b 1934----~ 8 1984----3
1885--¢ 1935------ A 1985 -+~ ~---- C
1886----- a 1936----a 1986---b
1887-------~ T 1937---=eeomn G 1987----a
1888~ ------ B8 1938-------- F 1988---b
1889~~-------- F 1939--------n E 1989----a
— - T 1890-------- C  1940----- 2 1990------- c
1891---b 1941-~--- A 1991----- a
1892f 1942--¢ 1992--------- 3
18939 1943---¢c 1993---¢
18941 1944-d 1994---=--~ A
1895-¢ 1945+
1896----- a 1946+ ----- c
1897----a 1947---------- H
1898--¢ 1948---¢
1899------ A 1949f

141 values in series



PART 3:

CORRELATION BY SEGMENTS OF SERIES: Arthur’s Brook -- Quercus prinus

Correlations of 50-year dated segments, lagged 25 years

Flags: __ A < correlation under

£

VO~ g -

10
1
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

Series

ABQRGASE
ABQO20W

ABGP15NW
ABQY15SE
ABQPOSNW
ABQYOYSE
ABQY11SE
ABQYPOSSE
ABQROINW

ABQS13E
ABQSO1E
ABQ%13W
ABQYOASE
ABUF16SE
ABQF14SE
ABQY13
ABQO2NW
ABQ902
ABQ910SE
ABQ918S
ABQSOSSE
ABQS02SE
ABQS17SE
ABGOOIN
ABQY11NW
ABQ919
ABQ9Z20E
ABUDT4NW
ABQY18N
ABQS124
ABQPO4NW
ABQY1INW
ABQSI7NW
ABQI10NW
ABQ919NE
ABQP19SE
ABQSDISE
ABQS01S
ABQPOSNW
ABQPOBNW
ABQIO3NW
ABGITENM
ABQ912E
ABQ912E

Interval

1888
1877
1874
1875
1854
1863
1877
1860
1875

1862
1913
1866
1860
1884
1856
1855
1852
1920
1858
1878
1877
1896
1876
1889
1865
1870
1876
1854
1879
1860
1888
1865
1875
185%
1879
1862
1861
1902
1858
1860
1890
1885
1854
1920

1994
1994
1994
1994
1994
1994
1994
1994
1994

1994
1994
1994
1994
1994
1994
1994
1979
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1994
1913
1994

.328% but highest as dated;

1850 1875 1900 1925 1950
1899 1924 1949 1974 1599

.56

.50
49

.73

.72

.59
.65

.42
.61

.71
.56
.81
.7
.71
€3
.37
£5

.50

.62
.72
.56
.63
.66
.67
-66
N-Ts
.24
__B
e
-60
.72
W45
.56
.67
.54
.54
.59
.54
.60
.82
.64
.65
.65
57
.56
.62
.64
.67
.76
.67
.60
.41
.57
.55
-66
.68
.75
66
.59

.79
.81
.39
.63
54
.80
.61
.70
.60

b4
.66
.53
.69
.51
.60
.61
.58
.72
43
.68
66
.64
75
.65
.68
.
.70
.62
.63
.60
.72

78
76
53
49
.69
.64
.62
.69
77
79
&4
64

.79
.72
.53
.54
W41
.75
.72
.69
77

.57
.63
49
.52
.58
.57
.59
.57
.67
45
.73
.62
.38
.73
.7t
77
.7
73
.56
.37
.39
.76
79
.61
.58
.61
A7

.70
.62

. Th
.68

.62

.78
.71
.58
34
.55
.81
.85
74
.80

.65
.69
.32
.66
&7
.51
.65
.58
45
.54
77
.62
.48
.82
.76
.77
.75
77
.33
.76
.35
.78
.84
.86
39
66
.74
.80
.59
.52
.67
46
T4

.54



RARY 6: POTENTIAL PROBLEMS: Arthur’s Brock -- Quercus prinus

For=gacﬁ series with potential problems the following diagnostics may appear:

[A} Correlations with master dating series of flagged 50-year segments of seri
at every point from ten years earlier (-10) to ten years later ¢+10) than d

[B] Effect of those data values which most lower or raise correlation Wwith master series

[€]1 Year-to-year changes very different from the mean change in other series

i1 Absent rings (zero values)

[E] Values which are statistical outliers from mean for the year

Thu 24 AUG

es filtered with 32-year spline,
ated

1995 Page 6

ABQYO4SE 1888 to 1994 107 years Series 1
[B] Entire series, effect on correlation ¢ .716) is:

Lower 1889 -.038 1891 -.019 1968 -.009 1986 -.009 Higher 1981 044 1894 .oo8 1965 007 1937 .007
ABQ920W 1877 to 1994 118 years Series 2
[B] Entire series, effect on correlation ¢ .730) is:

Lower 1878 -.017 1952 -.016 1953 -.013 1945 -.011 Higher 1981 .030 18%4  .008 1937 .007 1892  .007
ABQDISNW 1874 to 1994 121 years Series 3
[B] Entire series, effect on correlation ¢ .546) is: )

Lower 1988 -.031 1879 -.020 1930 ~-.014 1931 -.012 Higher 1965 .016 1947 .016 1920 .015 1968 .013
ABQYISSE 1875 to 1994 120 years Series 4
[B] Entire series, effect on correlation ¢ .4B8) is:

Lower 1981 -.027 1956 -.021 1986 -.016 1980 -.015 Higher 1968 .019 1920 .017 1894 .0% 1947 .013
ABOP0SNW 1854 to 1994 141 years Series 5
[B] Entire series, effect on correlation ( .573) is:

Lower 1962 -.023 1858 -.022 1940 -.021 1947 -.012 Higher 1981 042 1873 032 1968 .013 1976  .008
{E] Gutliers 2 3.0 sD above or -4.5 SD below mean for year

1940 +3.7 SD; 1962 +3.1 sD
ABQPO7SE 1863 to 1994 132 vears Series 6
[B] Entire series, effect on correlation ¢ .700) is:

Lower 1864 -.028 1873 -.0%3 1919 -.010 1944 -.009 Higher 1981 .028 1968 .010 1920 .008 1947  .004
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1854 +3.1 sD
ABQ?11SE 1877 to 1994 118 years Series 7
[B] Entire series, effect on correlation ( .714) is:

Lower 1930 -.021 1931 -.015 1918 -.013 1995 -.012 Higher  198% 014 1965 .012 1920 009 1968  _007
ABQYCBSE 1880 to 1994 135 years Series 8
[8] Entire series, effect on correlation ( .724) is:

Lower 1974 -.013 1932 -.012 1914 -.008 1633 -.007 Higher 1873 .029 1981 0120 1866 (011 1948 009




ABOSOONW 1875 to 1994 120 years Series ©
[Al .Segment ~ High -10 -2 -8 -7 -6 -5 -6 =3 -2 -1 40 1 2 43 ¥4 45 46 47 +8 +9 +10
1875 1924 -.18 -.38 -.15 -.17 01 L14 -.05 .11 -.16 19 24 .06 14 .27 .00 -.03 .06 A3 .00 -.21 -.20
+ 3 _ <>
[B] Entire series, effect on correlation ( .608) is:
Lower %16 -.037 1895 -.018 1918 -.017 1882 -.011 Higher 1981 L0300 1965 019 1947 011 1937 O
1875 to 1924 segment:

Lower 1916 -.087 1895 -.040 1918 -.034 1913 -.025 fiigher 1920  .057 1915  .047 1892 .043 1893 .02
[E]l Outliers 2 3.0 5D above or -4.5 SD below mean for year

1895 +3.3 sp; 1916 -4.6 SD
ABGP13E 1882 to 1994 133 years Series 18
[B] Entire series, effect on correlation ¢ .660)‘is:

Lower 1967 -.025 1922 -.015 1865 -.013 1948 -.012 Higher 1873 .03& 1981 021 1965 009 1937 009
IE] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1967 +3.6 SD
ABQ9OIE 1918 to 1994 77 years Series 11
[B] Entire series, effect on correlation ¢ .631) is:

Lower 1931 -.044 1948 -.025 1933 -.022 1942 -.012 Higher 1968 020 1918 .012 1949  .011 1920 .00%
[E] Outliers 1 3.0 SD above or -4.5 SB below mean for year

1931 +3.8 $b
ABUT13W 1885 to 1994 129 years Series 12
[B] Entire series, effect on correlation ¢ .529) is:

Lower 1987 -.023 1872 -.017 1985 -.015 1875 -.013 Higher 1981 047 1873 024 1920 016 1937 014
ABOSOGSE 1860 to 1994 135 years Series 13
[B] Entire series, effect on correlation ¢ .545) is:

Lower 1952 -.045 1873 -.010 1990 -.00% 1940 -.00% Higher 1981 .036 1864 .011 1918 .G07 1947  .006
[E] Qutliers T 3.0 SD above or -4.5 SD below mean for year

1952 -4.8 sSD
ABQ916SE 1884 to 1994 111 years Series 14
{B] Entire series, effect on correlation ¢ .571) is:

Lower 1935 -.030 1919 -.01% 1912 -.015 1889 -.014 Higher 1981 .027 1968 .017 1918 .014 1920 .011
ABQPI4SE 1856 to 1994 139 years Series 15
[B] Entire series, effect on correlation { .495) is:

Lower 1993 -.019 1857 -.019 1994 -.018 1949 -.016 Higher 1981 .042 1918 .012 1965 .011 1$80 .010
ABG913 1855 to 1994 140 years Series 16
[B] Entire series, effect on correlation ¢ .614) is:

Lower 1867 -.020 1841 -.018 1925 -.009 1985 -.009 Higher 1981 .027 1873 .017 1945 .014 1968 .012
ABQF0ZNW 1892 to 1979 88 vears Series 17
IB] Entire series, effect on correlation { .540) is:

Lower 1915 -.023 1892 -.018 1930 -.018 1968 -.MM7 Higher 1920 .017 1932 .016 1965 .014 1948  .013




ABQYO2 1920 to 1994 75 years Series 18

[Bl:Entire séries, effect on correlation ( .539) is:
Lower 1990 -.089 1975 -.014 1973 -.0Nn 1984 -.0%0 Higher 1937 .0z20 1945 016 1932 .015 1948 015

ABQPI0SE 1858 to 1994 137 years Series 19

[B] Entire series, effect on correlation { .559) is:
Lower 1981 -.023 1935 -.023 1930 -.014 1923 -.074 Higher 1873 .039 1884 .013 1920 .013 1968  .009

ABOQ918S 1878 to 1994 117 years Series 20

[B] Entire series, effect on correlation ( .703) is: ’
Lower 1880 -.015 1948 -.015 1945 -.013 1911 -.011 Higher 1981 022 1965 L010 1947 .009 1893  .005

ABQPO5SE 1877 to 1994 118 years Series 21

[B] Entire series, effect on corretation ¢ .612) is:
Lower 1952 -.025 1965 -.014 1991 -.013 1993 -.013 Higher 1981 .057 1968 014 1920 013 1980 010

ABQP02SE 1896 to 1994 99 years Series 22

[B] Entire series, effect on correlation ( .523) is: ‘
Lower 1952 -.018 1972 -.017 1992 -.013 1984 -.012 Higher 1948 .013 1931 012 1920 012 1937 .01t

ABQP17SE 1876 to 1994 119 years Series 23

[B] Entire series, effect on correlation ¢ .791) is:
Lower 1933 -.017 1963 -.012 1941 -.008 1930 -.007 Higher 1981 .029 1894  .005 1920 .005 1892  .005

ABQPOIN 1889 to 1994 106 years Series 24

[B] Entire series, effect on correlation ¢ .697) is:
Lower 1936 -.018 1931 -.014 1920 -.010 1988 -.010 Higher 1981 .023 1968 .013 1918 009 1932  .008

ABOZTINW 1885 to 1994 130 years Series 25

- [B} Entire series, effect on correlation ¢ .727) is:
Lower 1931 -.020 1905 -.017 1981 -.016 1866 -.011 Higher 1873 .018 1965 006 1874 006 1932 .006

ABQS19 1870 to 199 125 years Series 26

[B] Entire series, effect on correlation ( .719) is:
Lower 1892 -.020 1945 -.014 1955 -.013 1887 -.008 Higher 1873 .012 1981 .00% 1965  .009 1947  .Q08

ABQF20E 1876 to 1994 119 vyears Series 27

[B] Entire series, effect on correlation { .707) is:
Lower 1952 -.026 1902 -.021 1879 -.013 1878 -.010 Higher 1981 .041 1892  .007 1894 .007 1881 .00V

ABQYT4NW 1854 to 1994 141 years : Series 28

[B} Entire series, effect on correlation { .571) is:
Lower 1968 -.017 1884 -.013 1915 -.011 1961 -.007 Higher 1884 .010 1980 .010 1965 _009 1872  .(G08

ABQ?TBN 1879 to 1994 116 years Series 29

[B]l Entire series, effect on correlation ( .685) is: B
Lower 1951 -.024 1943 -.022 1880 -.016 1915 -.015 Higher 1981 .040 1985 .011 1947  .009 1894 009




ABESIZW 1860 to 1994 135 years

[Bl.Entire series, effect on correlation ( .567) is:

Series 30

Lower 1975 -.016 1973 -.014 1922 -.013 1986 -.012 Higher 1873 .038 1981 .028 1864 .015 1872 .008
ABO9O4NW 1888 to 1994 107 years Series 31
[B] Entire series, effect on correlation ¢( .730) is:

Lower 1986 -.016 1915 -.0%% 1931 -.013 1889 -.012 Higher 1981 [025 1965 .009 1918 008 1892  .006
ABAQRTINW 1865 to 1994 130 years Series 32
[B] Entire series, effect on correlation ¢ .787) is:

Lower 1866 -.024 1956 -.011 1904 -.007 1931 -.006 Higher 1981 .020 1873 .017 1965 .008 1968  .COS
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1866 +3.7 SD
ABQ917NW 1B75 to 1994 120 years Series 33
(B] Entire series, effect on correlation ¢ .655) is:

Lower 1884 -.028 1878 -.011 1931 -.010 1891 -.009 Higher 1981  .015 1920 .011 1965 .009 1892 .009
ABQY10NW 1859 to 1994 136 years Series 34
[B] Entire series, effect on correlation { .545) is:

Lower 1981 -.041 1993 -.012 1935 -.012 1992 -.010 Higher 1873 .048 1968 .0M2 1894 .011 1920 .0%¢
ABQYIONE 1879 to 1994 116 years Series 35
(Bl Entire series, effect on correlation ¢ .509) is:

Lower 1892 -,041 1994 -.027 1931 -.024 1937 -.021 Higher 1981 .051 1965 .022 1918 .06 1920  .013
[E] Qutliers 2 3.0 SD above or -4.5 SD below mean for year

1892 +4.3 SD; 1931 +3.1 sp
ABRP19SE 1862 to 1994 133 years Series 36
[B] Entire series, effect on correlation ¢( .&97) is:

Lower 1901 -.009 1983 -.009 19684 -.007 1968 -.007 Higher 1981 .015 1965 .011 1864 .011 1947  .009
ABQPO9SE 18671 to 1994 134 years Series 37
[B]l Entire serijes, effect on correlation { .66%9) is:

Lower 1918 -.019 1875 -.013 1933 -.012 1889 -.011 Higher 1981 .032 1873 .012 1965 .010 1881 .0g8
ABGY01S 1902 to 1994 93 years Series 38
[B] Entire series, effect on correlation ¢ .576) is:

Lower 1984 -.042 1981 -.029 1942 -.015 1989 -.015 Higher 1968 .023 1945 .013 1947  .011 1933  .00%
ABQOOONW 1858 to 1994 137 years Series 39
[B] Entire series, effect on correlation ¢ .607) is:

Lower 1994 -.044 1952 -.035 1993 -.018 1922 -.009 Higher 1981 .038 186 .D16 1937 .009 1968  .008
[C] Year-to-year changes diverging by over 4.0 std deviations:

1993 1994 -4.0 sb
ABQP0SNW 1850 to 1994 135 years Series 40
Bl Entire series, effect on correlation ¢ .708) is:

Lower 1993 -.015 1984 -.012 1903 -.008 1981 -.008 Higher 1873 .025 1884 .010 1920 .007 1947  .G06




ABQS03NW 1890 to 1994 - 105 years Series 41
[B] Entire seiies, effect on correlation ( .587) is:

Lower 1990 -.077 1992 -.031 1993 -.027 1970 -.007 Higher 1981 .021 1976 010 1918 .009 1932 .009
ABQP16NW 1885 to 1994 110 years Series 42
[B} Entire series, effect on correlation {( .709) is:

Lower 1951 -.019 1930 -.013 1912 -.010 1975 -.009 Higher 1981 .036 1968 -017 1918 .008 1894 .008
ABGP12E 1854 to 1913 60 years Series 43
[B] Entire series, effect on correlation ( .496) is:

Lower 1857 -.058 1858 -.028 1909 -.016 1890 -.013 Higher 1892 _.028 1874 .023 1889 .023 1859  _p22
ABQ91ZE 1920 to 1994 75 years Series 44
{B] Entire series, effect on correlation ( .609) is;:

Lower 1969 -.017 1982 -.014 1949 -.013 1948 -.012 Higher 1947 .014 1937 016 1920 011 1976 010
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PART 7:

DO 0N W -

10
"
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
3
32
33
34
35
35
37
38
39
40
41
42
43
4h

ABQS04SE
ABR20MW
ABRS1SNW
ABQ91SSE
ABQIOSNMW
ABQYO7SE
ABQ911SE
ABQYOBSE
ABQYOTHW
ABQY13E
ABQY01E
ABQ9134W
ABQQOGSE
ABQ916SE
ABQ914SE
ABQ913
ABQPO2NW
ABOY(2
ABQR10SE
ABQ9185
ABOQY05SE
ABQSO2SE
ABQP17SE
ABQSO1N
ABQ91INW
ABGYTY
ABQP20E
ABQF14NY
ABQY18N
ABQ912W
ABQI04LNW
ABQY1INW
ABAF1TNW
ABQ910NW
ABQ9TONE
ABQ919SE
ABQPDISE
ABQY01S
ABQYOSNW
ABQ90BNW
ABQPO3NW
ABUS16NW
ABQ91ZE
ABQ912E

Interval

1883
1877
1874
1875
1854
1863
1877
1850
1875
1862
1918
1866
1860
1884
1856
1855
1892
1920
1858
1878
1877
1896
1876
1889
1865
1870
1876
1854
1879
1860
1888
1865
1875
1859
1879
1862
1861
1902
1858
1860
1890
1885
1854
1920

Total or mean:

No.

Years

DESCRIPTIVE STATISTICS: Arthur’s Brook -- Quercus prinus

Corr  [ffew=----- Unfiitered

with Mean Max

Master msmt msmt
716 1.28 2.15
730 1.74 2.94
546 1.03 4,76
488 1.06  4.47
573 72 2.65
.700 .89 1.86
714 1.25 2.08
724 82 1.72
608 1.02 2.22
480 1.35 2.54
631 1.99 3.94
529 1.02 2.44
645 .69 1.49
571 .95 1.63
495 69 4.59
14 1.21 3.34
540 1.01 2.30
53¢ 1.06  2.95
559 .88 3.9
793 1.24 2.54
612 700 319
523 1.12  2.47
791 1.09  3.45
697 1.5¢ 2.79
727 1.38 2.52
719 1.02 2.27
707 1.10 2.18
571 90 3.75
465 1.34 2.59
567 1.7 3.75
730 1.59¢ 3.2
.787 1.52  3.21
.655 1.17  3.18
545 96 2.83
.509 .89 1.83
697 1.8 2.21
669 96 2.08
53576 2.1 4.74
607 71 2.46
708 g6 5.38
587 1.57 5.45
709 1.14 1.83
L4960 1,400 2,97
609 77 1.55

Std  Aute
dev  corr
NATA L765
.528  .583
595 .788
589 877
487 831
313 .607
359 U710
323 (724
ALe2 T
426 592
726 641
446 754
302 .8
.250 534
523 766
588 .78
450 (764
650 (798
836 930
369 U615
L4461 .743
562 .853
496 TH4
394 533
423 756
342 565
321 439
499 LB43
428  .618
694 (904
454 L4699
520 707
484 T84
457 .B29
L2264 456
328 L4497
407 725
827 . 742
373 793
642 79
.959  .848
278 .452
.531 765
321 .907
471 719

Mean
sens

Max
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[J, DENDRGCHRONOLOGY PROGRAM LIBRARY

GRAM COFECHA

Run MMQ Program COF 23:42

Wed 23 AUG 1995 Page 1

Version 1.24P 22151

QUALITY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS

Title of run:

File of DATED series: MMQUPR .RWL

CONTENTS:

Part 1:
Part 2:
Part 3:
Part 4:
Part 5:
Part 6:
Part 7:

Mount Misery -- Quercus prinus

Title page, options selected, sumary, absent rings by series

Histogram of time spans

Master series with sample depth and absent rings by vear
Bar plot of Master Dating Series

Correlation by segment of each

Potential problems: low correlation, divergent year-to-year changes, absent rings, outliers

Descriptive statistics

RUN CONTROL OPTICNS SELECTED

1

W@~

Cubic smoothing spline 50% wave

Segments examined are
Autoregressive model applied

Series transformed to logarithms

series with Master

VALUE

length cutoff for filtering
32 years
50 years lagged successively by 25 years

A Residuals are used in master dating series and testing

Critical correlation, 99% confidence level .328%

Master dating series saved
Listing of ring measurements in
Parts printed

Absent rings included in master

Time span of Master dating series is 1803
Continuous time span is 1803
Portion with two or more series is 1805

N

Part 6 N
1234567

series N

to 1994 192 vyears
to 1994 192 years
to 1994 190 years

4 desdedrde e dededededede e sk e gl e e e de R el Sk de e R etk

*(k
>k
ke
*Ex
*p*
*k
*Ak

Number of dated series 43 *C*
Master series 1803 1994 192 yrs *o*®
Total rings in all series 4921 *p*
Total dated rings checked 4919 *g*
Series intercorrelation 604 *C*
Average mean sensitivity 206 *H*
Segments, possible problems 1 *A*

FR KAk keI TN A A AT R Tk iAo v e de sk de ke de ok ek

ABSENT RINGS listed by SERIES:

No ring measurements of zero

(See Master Dating Series for absent rings listed by year)

value

Y Each series Log-transformed for master

dating series and testing



11} DENDROCHRONCLOGY PROGRAM LIBRARY Run MMQ Program COF  23:42 Wed 23 AUG 1995 Page 2

-
[ PART 2: TIME PLOT OF TREE-RING SERIES: Mount Misery -- Quercus prinus Version 1.24P 22131
" 000" 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 Beg End

Ident Seq year year Yrs
. . . . . . . . MMQS60W 11923 1996 72
. . - - . . . . . . MMQ341E 2 1899 1994 96
. . . - . . - . MMQY4LTE 3 1878 1994 117
. . . . . . . . . . . MMQS4G3 4 1901 1994 94
. - . . . . - . . MMQBZ53 5 1913 1994 82
. . . . . - . . - . MMQ942W 6 1918 1994 77
. N . . . . - . . MMQOSNY 7 1873 1994 122
. . . . . . - . MMQS43W 8 1877 1994 118
. . . . . . . . < MMQGSSN 9 1814 1994 181
. . . . . . . . . . MMGGLEW 10 1848 1989 122
. . . . . . . . . . . MMQP43E 11 1875 1994 120
. . . . . . . . . . MMOSA9W 12 1884 1994 111
. . . . . . . . . . MMOR47W 13 1870 1994 125
. . . . N . . . . . MMQPS2N 14 18465 1994 130
. . - N . . . . . . . . . MMC941W 15 1919 1994 76
. . . . . . . . . - . . MMQ959E 16 1871 1994 124
. . . . . . . . . . . . MMQ%50W 17 1838 1994 157
. . . . . . . . . . . . MMQ9ASE 18 1873 1994 122
. . . . . . . . . MMQY59 19 1B&Y 1994 128
. . . . . . . . . MMQPS0E 20 1881 1994 134
. . . . . . . . . MMRPLEW 21 1870 1994 125
. . . - . . . . . MMQ951 22 1870 1994 125
. - . - . - . . - . MMQPSBE 23 1899 1944 46
. . . . . . . . . . MMQ9S8E 24 1960 1994 35
. . . . . - - . . . MMQ941 25 1903 1994 92
. . . . - . . =>. MMQY4LOE 26 1920 1994 75
. . . . . . . < . MMQYSSN 27 1B03 1994 192
. . . - - . . < MMQ%558 28 1805 1994 190
. . B, - . . . . . MMRYSES 29 1844 1994 151
. . . . . . . . MMQO4OW 30 1923 1994 T2
- . . . . . . . . MMEO528 31 1868 1994 127
. . . - . . . . . MMQP53s 32 1876 1994 119
- . . . . . . . MMQO58W 33 1891 1948 58
. . . . . . - . R . . . MMOPSBW 34 1960 1994 35
. . . . . . . . . . . . MMQ%47 35 1872 1994 123
. . . - . . . . . MMQSS6N 36 1870 1994 125
. . . . . . . . MMQ9S3N 37 1871 1994 124
. - . . . . . . . . MMQP4BW 38 1B43 1994 152
- . . . . - - . . - . MMQ943 39 1858 1994 137
. . . . . . . - . . . . MMA95IN 40 1884 1996 131
. . . - . - . . . MMQE51S 41 1885 1994 130
. . - . . . . . . =>. MMQ9548 42 1873 1994 122
. . . « . - . . . . . . . . . . 43 1868 1994 127

1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000



PART 3: Master Dating Series: Mount Misery -- Quercus prinus 23:42 Wed 23 AUG 1995 Page 3

Year Value No Ab Year Value No Ab Year Value No Ab Year Value No Ab Year Value No Ab Year Value MNo Ab
c-Femmmeccccmasaas meessasmamacccciaa | mmeemeemmstdemcces mmamdmememmecccwoa mmmmtemeeeemmcccmam e e

1850 .866 6 1900 .357 ‘33 1956 -.422 39

1851 .307 & 1901 169 34 1951 -.206 3%

1852 -1.043 6 1902 1.198 34 1952 .832 39
1803 -1.800 1 1853 1.671 6 1903  .360 35 1953 1.092 39
1804 1.136 1 1854 1.405 6 1904 1.542 35 1954 -.566 39
1805 -1.1644 2 1855 1.700 & 1905  .090 35 1955 140 3%
1806 -.743 2 1856 -.144 6 1906 .413 35 1956 .056 39
1807 .574 2 1857 3% 6 1907 .315 35 1957 -1.208 39
1808 .485 2 1858 -1.589 7 1908 .412 35 1958  .455 39
1809 757 2 1859 .243 7 1909 -.253 35 1959 - 477 39
1810 -1.318 2 1860 -.509 7 1910 -.663 35 1960 1.144 41
1811 -1.746 2 1861 -.654 8 1911 -.930 35 1961 771 41
1812 .881 2 1862 1.127 8 1912 .198 35 1962 -.626 41
1813 2.838 2 1863 -.020 8 1913 -.630 36 1963 177 41
1814 1.224 3 1864 -.700 9 1914 -.027 36 1964 1.334 41
1815 1.637 3 1865 .707 11 1915 -.764 36 1965 -1.344 41
1816 -.773 3 1866 -1.089 11 1916 751 36 1966 -1.051 41
1817 922 3 1867 -.126 12 1917  .859 3% 1967 -.509 41
1818 -1.043 3 1868 113 15 1918 -.982 37 1968 -.788 41
1819 -1.728 3 1869 .508 15 1919 -.655 38 1969 -.370 &1
1820 -.873 3 1870  .399 19 1920 1.211 39 1970 -.606 41
1821 -.042 3 1871 717 21 1921 .761 39 1971 747 4%
1822 -1.375 3 1872  .126 22 1922 1.058 39 1972 .636 41
1823 -1.841 3 1873 -2.215 25 1923 -1.545 41 1973 .382 41
1824 1.101 3 1874 .881 2% 1926 -.261 41 1974 1.354 41
1825 -.484 3 1875 -.471 26 1925  .268 41 1975 1.822 41
1826 -.750 3 1876 -.959 27 1926 -.839 41 1976 1.318 41
1827 .928 3 1877 -.188 28 1927  .558 41 1977 L340 41
1828 2.240 3 1878 .289 29 1928 .709 41 1978 550 41
1829 1.63% 3 1879 .E22 29 1929 -.789 41 1979 -.266 41
1830 .627 3 1880 .263 29 1930 .234 41 1980 739 41
1831 -.104 3 1881 1.869 29 1931 219 41 1981 -2.149 41
1832 -1.931 3 1882 .215 29 1932 595 41 1982 -1.23% 41
1833  .203 3 1883 -.351 29 1933 -1.467 41 1983 -1.408 41
1834 1.987 3 1884 .077 30 19346 -.736 41 1984 -.614 41
1835 1.223 3 1885 -.381 30 1935 -.124 41 1985 .153 41
1836 .717 3 1886 .052 30 1936 -.961 41 1986 380 41
1837 1.227 3 1887 416 30 1937 1.292 41 1987 -.337 41
1838 -1.112 4 1888 -.487 30 1938 1.611 41 1988 -.663 41
1839 -.688 4 1889 1.540 30 1939 750 41 1989 - .494 41
1840 -1.956 4 1890 .163 30 1940  .084 41 1990 1.469 &0
1841  .429 4 1891 -.148 31 1941 .566 41 1991 372 40
1842 1.372 & 1892  .070 31 1942 .272 4% 1992 1.309 40
1843 -1.386 5 1893 -.732 31 1943 -.173 41 1993 -.837 40
1846 358 6 1894 -1.547 31 1944 -.402 41 1994 777 40
1845 -1.920 6 1895 -1.897 31 1945 -1.196 40
1846 -.219 6 1896 -.678 31 1946 243 40
1847 .014 6 1897 -.519 31 1947 1.840 40
1848 165 6 1898 -.981 31 1948 -.535 40
1849 -2.218 6 1899 -.525 33 1949 -2.482 39



PART 4: Master Bar Plot: Mount Misery -- Quercus prinus 23:42 Wed 23 AUG 1995 Page &

Year Rel value Year Rel value Year Rel vaiue Year Rel vatue Year Rel vaiue Year Rel value Year Rel value Year Rel value

¢

1850--==---- C  1900------ A 1950---b
1851------ A 1901----- A 1951----a
1852-d 1902---~----- E 1952-------- c
18039 1853---------- G 1903------ A 1955~ - ---=m- D
1804--------- E 1854-=ssv---- Fooi904--------un F 1954---h
1805-¢ 1855---------- G 1905----- a 1955+~~~ A
1806--c¢ 1856----a 1906------- B 1956----- a
1807------- B 1857------- B 1907------ A 1957-¢
1808------- B 1858f 1908------- B 1958----u-s B
1809-------- C  1859------ A 1909----a 1959---b
T — 1810-¢ T860---b 1970--¢ T980--------- 3
1811g 1861--¢ 1911-d 1961-------- c
1812-----~-- D 1862--------- E 1912------ A 1962---c
1813---------- K 1863----- a 1913---¢ 1963----- A
1814==--nmm- E 1884--c¢ 1914----- 2 1984 -~ ~==2=x= E
1815----=----- 6 1865-------- c  1915-—c 1965-¢
1816--c 1866-d 1916 -==on-- € 1966-d
1817--=eene D 1867----a 19172 cnenns € 1947---b
1818-d 1868----- a 1918-d 1968--¢
1819g 1869--==--~- B 1919--¢ 1969---a
- - - 1820--¢ 1870------~ 8 1920--------- E 1570---b
1821----- a 1871-------- € 1921----nn-- € 1971--c
1822-f 1872----- A 1922 ===~ D 1972-------- ¢
1823g 1873i 1923¢ 1973~~~ -~ B
1824==nmmmmnn D 1874-------- D 1924----a 1974--=--=-n- E
1825---b 1875---b 1925------ A 1975-=-------- g
1826--¢ 1876-d 1926--¢ 1976 ~====== E
1827---- ===~ D 1877----a 1927------- B 1977------ A
1828-------=nn 1 1878------ A 1928-------- C 1978------- B
1829 emnannnn G 1879-------- € 1929--¢ 1979----a
- - — - 1830-=------ c  1880------ A 1930------ A 1980-------- c
1831----3 1B81----onnnes G 1931~----- A 19811
1832h 1882------ A 1932------- B 1982-e
1833------ A 1883----a 1933f 1983-¢
1834 smmmnnn H 1884----- a 1934--¢ 1984---b
1835--------- E 1885---b 1935----a 1985----- A
1836-------- € 1B86----- a 1936-d 1986------- B
1837--------- E 1887------- B 1937--------- E 1987----a
1838-d 1888---b 1938---------- F 1988--¢c
1839--c BB == mm e F 1939-------- € 1989---b
- - - 1846h 1890----- A 1940----- a 1990--=--~--ne F
1841------- 8 1891----a 1941------- B 1991------- A
1842--------- E 1892----- a 1942------ A 1992- ===~ E
1843-f 1893--¢ 1943----a 1993--¢
1B44------ A 1894F 1944+ ~~b 1994 === ~--- c
1845h 1895h 1945-¢
1846----a 1896--c 1946~~~ A
1847----- a 1897---b 1947 ==~ wnnen G
1848----- A 1898-d 1948---b
18494 1899---b 1949}

192 values in series






PART 5: CORRELATION BY SEGMENTS OF SERIES: Mount Misery -- Guercus prinus 23:42 wed 23 AUG 1995 Page 5

Correlations of 50-year dated segments, lagged 25 years
Flags: _ A = correlation under  .3281 but highest as dated; B = correlation higher at cther than dated position

Seq Series  Interval 1800 1825 1850 1875 1900 1925 1950
1849 1874 1899 1924 1949 1974 1999

T MMQP60W 1923 1994 - - 69 65 65 - - - - - - - - - - - . -
2 MMG9LIE 1899 1994 - - - .58 .82 .63 .53 - - - - - - - - - - - - -
3 MMQ94TE 1878 1994 - - - 500 .59 73 7% - - - - - - - - - - - - -
4 MMQP43 1901 1994 - - - - .65 T4 .77 - - - - - - - - - - - - -
5 MMO@53 1913 1994 - - - - 65 61 .73 - - - - - - - - - - - _ :
6 MMQOL2W 1918 1994 - - - - B3 64 79 - - - - - . - - - - - - -
7 MMQYSOW  1B73 1994 - - .60 46 .63 T4 .76 - - - - - - - - - - . - -
8 MMQP43W 1877 1994 - - - 55 .74 .80 (B3 - - - - - - - - - - . - -
P MMO9SON 1814 1994 .75 .63 .51 .61 .68 .75 .82 - - - - . - - - - - - . .
10 MMQ945W 1868 1989 - - .35 .38 .48 45 .48 - - - - - - - - - - - - -
11 MMOD43E 1875 1994 - - - .43 68 .56 6B - - - - - - - - - . - - -
12 MMQOLOW 1884 1994 - - - &6 .57 .55 .51 - - - - - - - - - - - - R
13 MMQ94TW 1870 1994 - - b5 .62 6B T3 .TG - - - - - - - - - - - - .
14 MMQ952N  1B&S 1994 - - W83 60 47 44 44 - - - - - - - - - - . - -
15 MMQS4TW 1919 1994 - - - - .63 .51 .5% - - - - . - - - - - - - .
16 MMQYSPE 1871 1994 - - 53 .62 .64 47 .57 - - - - - - - - . - - . -
17 MMO950W 1838 1994 - S0 58 71 .64 .65 .78 - - - - - - - - - - - - -
18 MMQS4SE 1873 1994 - - .63 .53 .50 .5% .54 - - - - - - - - - - - - .
19 MHQO59 1887 1994 - - W49 54 .66 .51 .57 - - - - - - - - - - - - -
20 MMQSSOE 1861 1994 - - 66 T4 .76 .TD .75 - - - - - - - - - - . - .
21 MMQ94L8W 1870 1994 - - 48 .54 .50 .57 .65 - - - - - - - - - - - - .
22 MMQ951 1870 1994 - - .30 40 53 67 .70 - - - - - - - - - - - . -
A

23 MMQ9S8E 1899 1944 - - - .56 - - - - - - - - - - - - - . - R
246 MMQ9SBE 1960 1994 - - - 54 - - - - - - - - - - - - - . - .
25 MMQP41 1903 1994 - - - - T4 .63 49 - - - - - - - - - - _ - -
26 MMQRLOE 1920 1994 - - - - 50 .53 .49 - - - - - - - - - - - - -
27 MMQ955N 18303 1994 Bé6 66 41 L0 686 .TE .81 - - - - - - - - - - - . -
28 MMO955S 1805 1994 .78 .67 .48 .34 .40 .3¢ .48 - - - N - - - - - R - - .
29 MMQ9545 1844 1994 - .5 .53 .46 .57 .61 .86 - - - - - - - - - - _ . -
30 MMQR40W 1923 1994 - - - - 72 .70 .71 - - - - - - - - . - - - -
3T MMQ9525 1B6B 1994 - - 39 49 .51 48 .64 - - - - - - - - - - - - -
32 MMR953S 1876 1994 - - - A0 60 64 6T - - - - - - - . - _ - . _
33 MMQ958W 1891 1948 - - - 36 44 - - - - - - - - - - - - - . -
34 MMQYSBU 1960 1994 - - - - .72 - - - - - - - - - - - - . . -
35 MMQ94T7 1872 1994 - - .75 69 .79 .78 .80 - - - - - . - - . - - - .
36 MMQISEN 1870 1994 - - .52 .38 .60 .64 .73 - - - - - - - - - - - . R
37 MMQ953N 1871 1994 - - A7 .59 61 61 6% - - - - - - - - - - - - -
38 MMQ4BW 1843 1994 - b6h 65 .67 66 61 34 - - - - - - - - - - - - -
39 MMQ948 1858 1994 - - .75 .83 .54 47 51 - - - - - - - - - . _ _ .
40 MMQYSTIN 1844 1994 - - 44 45 50 .59 L80 - - - - - - - - - - - - .
41 MME9515 1865 1994 - - .57 .67 .60 .53 .50 - - - - - - - - - - - - -
42 MMQO548 1873 1994 - - 62 .58 .56 .61 .M - - - - - - - - - - - - .
43 MMOYSEE 1868 1994 - - L3 .71 79 .7 .75 - - - - - - - - - - . . -



PART &: POTENTIAL PROBLEMS: Mount Misery -- Quercus prinus

For. each series with potential problems the following diagnostics may appear:

[Al Correlations with master dating series of flagged 50-year segments of series filtered with 32-year spline

at every point from ten years earlier (-10) to ten years later (+10) than dated

[B] Effect of those data values which most lower or raise correlation with master series

[E] Year-to-year changes very different from the mean change in other series

[D] Absent rings (zero values)

[E] Values which are statistical outliers from mean for the year

MMOPE0W 1923 to 1994 72 vyears Series 1
[Bl Entire series, effect on correlation ( .552) is:

Lower 1993 -.023 1932 -.022 1949 -.012 1934 -.012 Higher 1923 .029 1981 014 1933 013 1938 .010
MMQP41E 1899 to 1994 96 years Series 2
[B] Entire series, effect on correlation ¢ .510) is:

Lower 1972 -.030 1911 -.021 1966 -.020 1974 -.019 Higher 1933 024 1990 .017 1965 .C17 1947  .016
[E] Dutliers 2 3.0 8D above or -4.5 SD below mean for year -

1899 +3.2 sb; 1966 +3.2 SD
MMORL7E 1878 to 1994 117 years Series 3
[B] Entire series, effect on correlation ( .650) is:

Lower 1913 -.028 1918 -.016 1936 -.012 1921 -.008 Higher 194% .025 1933 .010 1889  .009 1937 .009
MMQ943 1901 to 1994 94 years Series 4
[B] Entire series, effect on correlation ( .705) is:

Lower 1934 -.012 1914 -.012 1915 -.012 1907 -.010 Higher 1981 .020 1923 .019 1937  .009 1990  .008
{E] outliers 1 3.0 SD above or -4.5 SD below mean for year

1914 +3.2 SD
MMGS53 1913 to 1994 82 years Series S
fBl Entire series, effect on correlation ¢ .&71) is:

Lower 1968 -.031 1925 -.01% 1933 -.013 1978 -.013 Higher 1981 .042 1949 .019 1923  .016 1965 .015
[E]l Outliers 1 3.0 SD above or -4.5 5D below mean for year

19568 +4.2 SD
MMQP42W 1918 to 1994 77 years Series &
[B] Entire series, effect on correlation ¢ .682) is:

Lower 1935 -.046 1922 -.016 1919 -.012 1918 -.012 Higher 1923 .026 1981 .025 1933 017 1965 .012
MMQOS9W 1873 to 1994 122 years Series 7
[B] Entire series, effect on correlation ¢ .458) is:

Lower 1923 -.028 1953 -.017 1930 -.011 1980 -.011 Higher 194% _021 1965 .015 1873  .012 1981 009
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1887 +3.5 SD
MMQ943W 1877 to 1994 118 years Series 8§
[Bl Entire series, effect on correlation ( .726) is:

Lower 1898 -.014 1897 -.010 189 -.009 1912 -.00& Higher 1981 027 1923 .016 1933 007 1960 .005

[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year
1917 +3.0 SD




MMUPS5H 1814 to 1994 181 years Series ¢

{B] Entire series, effect on correlation ( _.687) is:
Lower 1873 -.020 1914 -.011 1921 -.009 1847 -.009 Higher 1949  .016 1923 .009 1845 007 1881 006

[El Outliers 1 3.0 SD above or -4.5 3D below mean for year
1931 +3.5 sp
MMQP45W 1848 to 1989 122 years Series 10

[B]l Entire series, effect on correlation ( .442) is:
Lower 1972 -.021 1875 ~-.014 1892 -.013 1929 -.012 Higher 1981 .037 1964 013 1923 013 1975 .012

MMOQ43E 1875 to 1994 120 years Series 11

[B] Entire series, effect on correlation ( .577) is:
Lower 1965 -.043 1875 -.018 1876 -.015 1963 -.01% Higher 1981 .046 194%  .033 1923  _027 1937  .009

MMOS4OW 1884 to 1994 111 years Series 12

[B] Entire series, effect on correlation ( .507) is:
Lower 1920 -.055 1946 -.023 1957 -.019 1940 -.015 Higher 1949 .059 1923 017 1981 017 1933 .014

[E] Outliers 1 3.0 SD above or -4.5 Sb below mean for year
1920 -4.5 SD
MMOP47W 1870 to 1994 125 years Series 13

[B]l Entire series, effect on correlation ¢ .718) is:
Lower 1892 -.015 1949 -.013 1975 -.010 1946 -.00% Higher 1873 .022 1965 .012 1981 .0t0 1923  .008

MMA952N 1865 to 1994 130 years . Series 14

[B] Entire series, effect on correlation ¢ .508) is:
Lower 1950 -.024 1953 -.017 1866 -.016 1930 -.011 Higher 1873 .034 1965 .12 1881 .011 1889 .011

[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year
1912 +4.1 SD
MMU941W 1919 to 1994 76 years Series 15

[B] Entire series, effect on correlation ¢ .574) is:
Lower 1973 -.021 1974 -.019 1993 -.019 1965 -.017 Higher 1981 .050 1923 016 194¢ .013 1920 .012

MMQP59E 1871 to 1994 124 vyears Series 16

[B]l Entire series, effect on correlation ¢ .564) is:
Lower 1948 -.021 1950 -.017 1990 -.011 1875 -.0M1 Higher 1949 .031 1923 .027 1981 015 1965 .omn

[E] Outliers 1 3.0 SD above or -4.5 5D below mean for year
1892 +3.0 SD
MMA950W 1838 to 1994 157 years Series 17

[B] Entire series, effect on corretation ( .458) is:
Lower 1940 -.019 1840 -.018 1885 -.013 1944 -.010 Higher 1981 .020 1949 .015 1849 .013 1965 .010

{E1 Outliers 1 3.0 SD above or -4.5 SD below mean for year
1934 +3.2 sD
MMQP4SE 1873 to 1994 122 years Series 18

[B] Entire series, effect on correlation ( .548) is:
Lower 1986 -.035 1949 -.024 1938 -_018 1992 -_012 Higher 1873 .034 1981 .031 1945 .019 1881  .010




MMQ959 1867 to 199 128 years series 19

[BY .Entire serieg, effect on correlation ¢ .536) is:
Lower 1965 -.033 1869 -.028 1990 -.028 1875 -.013 Higher 1949 .032 1981 .030 1873 .013 1937 012

[E] Outliers 2 3.0 Sb above or -4.5 SD below mean far year
1875 +3.3 sSD; 1892 +3.3 SD

MMQOSOE 1861 to 1994 134 vyears Series 20

[Bl Entire series, effect on correlation ( ,720) is:
Lower 1962 -.013 1868 -.010 1948 -.009 1885 -.008 Higher 1981 . .023 1965 .013 1949  .012 1923  .011

MMQP46W 1870 to 1994 125 years Series 2%

[B] Entire series, effect on correlation ( .604) is:
tower 1911 -.025 1912 -.022 1949 -.017 1874 -.014 Higher 1981 .030 1923 .016 1873  _015 1933  _011

[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year
1911 +3.6 SD
MMQ951 1870 to 1994 125 years Series 22

[A] Segment High -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 0 +#1 #2 43 +4 +5 +6 +7 +B +9 +10

1870 1919 L6019 13 19 -015 -.15 -.15 .04 -.12 .10 .30 .06 -.22 .14 .04 -.01 -.08 -.02 .03 -.15 .14

0 < >

[BI Entire series, effect on correlation ( .369) is:
Lower 1902 -.015 1915 -.014 1906 -.014 1954 -.012 Higher 1981 030 1923 014 1933 016 1947 013
1870 to 1919 segment:
Lower 1902 -.035 1915 -.032 1904 -.031 1909 -.022 Higher 1895 096 1881 .03 1918 .028 1889 .021

MMQY5BE 1899 to 1944 46 vyears Series 23

[B] Entire series, effect on correlation ¢ ,558) is:
Lower 1935 -.049 1931 -.036 1937 -.033 1929 -.020 Higher 1923 .060 1918 .036 1904 .033 1920 .030

MMQP58E 1960 to 1994 35 years . Series 24

{B] Entire series, effect on correlation ( .537) is:
Lower 1988 -.060 1970 -.022 1978 -.021 1983 -.019 Higher 1965 .069 1992 .027 1990 .026 1993  .022

MMQ94 1 1903 to 1994 92 years Series 25

[B] Entire series, effect on correlation { .554) is:
Lower 1992 -.042 1972 -.02& 1981 -.020 1966 -.016 Higher 194% 040 1933 .019 1918 .013 1990 .012

MMA940E 1920 to 1994 73 years Series 26

[B] Entire series, effect on correlation ( .434) is:
Lower 1993 -.051 1934 -.042 1920 -.026 1994 -.022 Higher 1949 .059 1923 .037 1981 021 1960 L0113

. [C] Year-to-year changes diverging by over 4.0 std deviations:
1933 1934 -4.1 SD

[E] Outliers 1 3.0 SO above or -4.5 SD below mean for year
1993 +3.8 sD
MMQGSSN 1803 to 1994 192 years Series 27

[*] Early part of series cannot be checked from 1803 to 1804 -- not matched by another series

[B] Entire series, effect on correlation ¢ .655) is:
Lower 1887 -.038 1873 -.011 1948 -.009 1857 -.009 Higher 1949 .015 1845 .007 1813 .007 1947  .006

[E] Cutliers 1 3.0 SD above or -4.5 SD below mean for year
1887 -5.1 sD




MMO9S5S 1805 to 1994 190 years series 28
[Bl Entire series, effect on corretation ( .531) is:

Lower 1958 -.019 1980 -.012 1891 -.00% 1B78 -.008 - Higher 1873 .07 1849 011 1813 .010 1923 .00%
[E] Outliers 3 3.0 sD above or -4.5 SD below mean for year

1887 +4.1 8D; 1907 +3.0 $D; 1909 +3.1 $D
MMQO565 1844 to 1994 151 years Series 29
[B} Entire series, effect on correlation { ,598) is:

Lower 1923 -.017 1891 -.016 1938 -.009 1948 -.009 Higher 1849 .020 1981 812 1933 ,012 1947 .010
MMOO4AOW 1923 to 1994 72 vears Series 30
[B] Entire series, effect on correlation ( .692) is:

Lower 1993 -.032 1945 -.022 1929 -.018 1959 -.0%6 Higher 1949 .042 1923  .025 1981 014 1933 012
MMQP525 1888 to 1994 127 vyears Series 31
[B] Entire series, effect on corretation ( .514) is:

Lower 1871 -.030 1899 -.017 1931 -.016 1948 -.013 Higher 1981 .019 1965 .015 1889 013 1895 .1z
MMQ9535 1876 to 1994 119 years Serieg 32
[B] Entire series, effect on correlation ( .599) is:

Lower 1948 -.017 1963 -.01t 1912 -.010 1894 -.009 Higher 1981 .027 1949 .026 1933 018 1975 .009
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1912 +4.1 SD
MMQP58W 1891 to 1948 58 years Series 33
IB] Entire series, effect on correlation ( .427) is:

Lower 1902 -.029 1910 -.027 1891 -.020 1900 -.019 Higher 1894 .031 1947  .027 1918 .024 1904 .019
[E] Qutliers 2 3.0 3D above or -4.5 SD below mean for year

1910 +3.5 sD; 1924 +3.3 SD
MMQRYSEW 1960 to 1994 35 years Sertes 34
[B] Entire series, effect on correlation ( .722) is:

Lower 1961 -.022 1980 -.020 19567 -.012 1981 -.010 Higher 1985 .040 1993 019 1964 016 1992 Q15
MMAS4T 1872 to 1994 123 years Series 35
[B} Entire series, effect on correlation ( .772) is:

Lower 1964 -.011 1876 -.010 1892 -.009 1918 -~.007 Higher 1981 014 1947 006 1937 .005 1923 .005
MMQYSEN 1870 to 1994 125 years Series 36
[Bl Entire series, effect on correlation ¢ .598) is:

Lower 1952 -.035 1899 -.026 1919 -.025 1923 -_.074 Higher 1949 .028 1873  .075 1981  .017 1933 .013
MMQF53N 1871 to 1994 124 years Series 37
[B]l Entire series, effect on corretation ¢ .5632) is:

Lower 1968 -.021 1983 -.013 1959 -.010 1885 -.010 Higher 1873 .022 1965 .018 1990 .009 1949 009
[E] Outliers 3 3.0 SD above or -4.5 SD below mean for year

1886 +3.4 sD; 1912 +3.6 SD; 1968 +4.0 sD




MMOD4BW 1843 ta 1996 . 152 years Series 38

[B] Entire series, effect on corretation { .538) is:
Lower 1856 -.041 1980 -.033 199 -.0% 1981 -.013 Higher 1949 .023 1873 .021 1965 .00 1881  _010

[E] Qutliers 1 3.0 sb above or -4.5 5D below mean for year
1984 +4.0 sSD
MMQP48 1858 to 1994 137 years Series 3¢

{8] Entire series, effect on correlation ¢( .600) is:
Lower 1960 -.016 1948 -.014 1947 -.012 1915 -.011 Higher 1873 .023 1981 .018 1949 _017 1881 .010

MMQSSIN 1864 to 1994 131 years Series 40

[B] Entire series, effect on correlation ( .537) is:
Lower 1875 -.018 1922 -.12 1901 -.011 1993 -.010 Higher 1965 .018 1889  .011 1990 .010 1895 .010

MMQ951S 1865 to 1994 130 years Series &1

(B} Entire series, effect on correlation ¢ _566) is:
Lower 1951 -.018 1965 -.014 1945 -.013 1949 -.011 Higher 1933 .017 1947 .014 1895 .012 1918 .009

MMQ9P34S 1873 to 1994 122 years Sertes 42

[B] Entire series, effect on correlation ( .626) is:
Lower 1930 -.028 1917 -.015 1952 -.014 1945 -.011 Higher 1949 .027 1965 .018 1881 011 1933 008

MMQP46E 1858 to 1994 127 years Series 43

(Bl Entire series, effect on correlation ( .731) is:
Lower 1957 -.022 1874 -.020 1911 -.009 1964 -.007 Higher 1981 .011 1873  .011 1965 010 1947 (007




PART 7: DESCRIPTIVE STATISTICS: Mount Misery -- Quercus prinus 23:42 Wed 23 AUG 1995 Page 7

Corr  ff--mw-mw- Unfittered -------- M\ /f/---- Filtered ----- A\Y
No. No. No. with Mean Max Std Auto Mean Max Std  Auto AR
Seq Series Interval Years Segmt Flags Master msmt msmt dev corr  sens vaiue dev  corr ()
1 MMAPSOW 1923 1994 72 3 0 652 2.04  4.66 768 801 181 2.01 475 -07% 1
2 MMQO4L1E 1899 1994 94 4 0 510 1.28 3.12 697  .864 207 2.07 331 045 1
3 MMQP4L7E  1B78 1994 117 4 1] 450 .88 1.77 335 (A 228 2.02 L3533 -.024 1
4 MMQ%43 1901 1994 94 3 o] 705 1,55 3.78 771 806 246 2.05 346 00é 1
5 MMG9S3 1913 1994 82 3 0 671 1.40  6.49 1.091 859 192 2.03 389 006 1
& MMOP42W 1918 1994 77 3 1] .682 1.53  3.46 630 794 220 1.90 421 -.018 2
7 MMQYS  1B73 1994 122 5 o -658  1.03 2.9¢% 499 713 244 2,15 351 -.03% 3
B MMQ943W 1877 1994 118 [ 0 726 1,26 3.06 587  .863 98 2.12 370 -.035 1
9 MMQO55N 1814 1994 181 7 0 687 1.10 3.05 542 779 217 2.04 330 -.024 1
10 MMQY4SW 1858 1989 122 5 0 442 1,13 377 637 738 .738 2.06 369 004 1
11 MMO943E 1875 1994 120 4 0 LS77 0 1.41 3,50 &75 859 215 1.96 322 047 2
12 MMQS4OW 1884 1994 m 4 0 507 b4 127 215 728 185 1.90 293 -.058 1
13 MMQ94LTW 1870 1994 123 5 0 718 1.10 2.55 377 730 182 2.08 356 000 1
14 MMQYS2N 1845 1994 130 5 o 5086 97 3.52 507  .895 1646 2.25 428 -.003 2
15 MMGS4TW 1919 1994 76 3 0 S746 112 5,38 .792 791 240 2.04 649 058 2
16 MMQYS9E 1871 1994 124 5 4] 564 1,18 417 590 .4682 .229 2.14 362 -.065 1
17 MMQ950W 1838 1994 157 6 0 658 1.29  3.14 421 613 203 2.15 426 - .014 1
18 MMQP4SE 1873 1994 122 5 o 2548 96 316 603 L840 212 2.04 419 -.106 1
19 MMQ95%9 1847 1994 128 5 1] 536 1.32 409 .67 754 247 2.2¢ 456 -_058 1
20 MMQ9SDE 1861 1994 134 5 0 L7200 t.26 2,11 288 .548 172 1.9 389 010 1
21 MMQ94EW 1870 1994 125 5 1] 604 1.300 2.43 387 673 .182 1.93 312 m2 1
22 MMR951 1870 1994 125 5 1 569 1.06 4.46 617 .868 .175 1.88 284 006 1
23 MMQ9S8E 1899 1944 46 1 8] .558 .92 1.97 93 .71 . 181 2.47 547 -.007 3
24 MMQYSBE 1960 1994 35 1 1] -337  1.28 3.09 .704 .803 249  2.00 395 -.007 1
25 MMQP41 1903 1994 92 3 0 554 1.28 3.72  .837 876 221 2.02 422 020 1
26 MMQSLOE 1920 1994 I 3 0 434 1,490 3011 926 902 .219  1.90 337 026 2
27 MMQISS5N 1803 1994 192 7 o] 655 P 2.67 508 .855 .205 .97 .305 -.030 1
28 MMQ9P555 1805 1994 190 7 0 531 7B 2.16 265 Thb .181 217 354 -.027 1
29 MMQ9S5S 1844 1994 151 6 0 .598 500 1.26 185 627 231 2.09 413 -.064 1
30 MMQR40W 1923 1994 72 3 1] 692  1.52 3.80 .969 893 249 1.81 2334 -.053 1
31 MMR9P525 1868 1994 127 5 0 514 93 2.06 .284 543 196 2.11 414 -.039 1
32 MMQ9535 1876 1994 119 4 0 599 1.01 3.3 396 .588 .184 2.26 377 -.e7! 1
33 MMQY58KW 1891 1948 58 2 o] 427 74 1.89 305 547 276 2.06 .388 -.084 2
34 MMQYSBW 1960 1994 35 1 0 722 90  1.57 328 .702 235 1.99 378 -.093 1
35 MMQ947 1872 1994 123 5 1] 72 1.1 1.98 349 L4699 181 1.84 263 -.029 1
36 MMQYS6N 1870 1994 125 5 0 C39B 0 1.33 0 2,24 386 .676 188  1.94 367 -.003 1
37 MMQO53N 1871 1994 124 5 a 632 145 4.23 660 (633 221 2.08 .338 L0021
38 MMQOLBW 1843 1994 152 6 0 538 97 2.48 417 795 .208 2.03 .336 -.027 1
39 MMQ948 1858 1994 137 5 1] 600 94  1.97 335 695 213 2.06 418 -.050 1
40 MMQISIN 1864 1994 131 5 0 537 1.13 4.42 652 .862 176 1.95 343 -.022 1
41 MMQ9O51S 1865 1994 130 5 0 566 1,12 3.26  .509 .786 194 2.16 382 .07 1
42 MMR954S 1873 1994 i22 5 0 626 P10 2045 415 . 765 247  1.95 326 -.077 1
43 MMOOSSE 1848 1994 127 5 0 731 1.16  4.5% 485 .832 163 1.90 302 -.020 1
Total or mean: 4921 187 1 H04 0 1.12 4.49 510 . 755 206 2,47 385 -.022
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1. DENDRGCHRONOLOGY PROGRAM LIBRARY Run BSQ Program {OF 17:41 Wed 23 AUG 1995 Page 1

[1 PROGRAM COFECHA Version  1.24P 22151

QUALITY CONTROL AND DATING CHECK OF TREE-RING MEASUREMENTS
Title of run: Bog Spring -- Quercus prinus

File of DATED series: BSOUPR.RMWL

CONTENTS:
Part 1: Title page, options selected, summary, absent rings by series
Part 2: Histogram of time spans
Part 3: Master series with sample depth and absent rings by year
Part 4: Bar plot of Master Dating Series
Part 5: Correlation by segment of each series with Master
Part 6: Potential problems: Low correlation, divergent year-to-year changes, absent rings, outiiers
Part 7: Descriptive statistics
RUN CONTROL OPTIONS SELECTED VALUE
1 Cubic smoothing spline 50% wavelength cutoff for filtering
32 years
2 Segments examined are 50 years lagged successively by 25 years
3 Autoregressive model applied A Residuals are used in master dating series and testing
4 Sertes transformed to logarithms Y Each series log-transformed for master dating series and testing
5 Criticat correlation, 99% confidence level .3281
& Master dating series saved N
7 Listing of ring measurements in Part & N
8 Parts printed 1234567
9 Absent rings included in master series N

Time span of Master dating series is 1841 to 1994 154 years
Continuous time span is 1841 to 1994 154 years
Portion with two or more series is 1841 to 1994 154 years

e i e i e e e e Jededr ok 3 dede e o g e v e S e e e e ok R e

*C* Number of dated series 46 *C*
*O* Master series 1841 1994 154 yrs *0*
*F* Total rings in all series 4078 *f*
*E* Total dated rings checked 4078 *E*
*C* Series intercorrelation 612 *C*
*H* Average mean sensitivity 226 *H*

*A* Segments, possibie problems 1 *a*
******i*****“**ﬂ******ﬂ*#ﬂ**ﬂ*ﬂt*t

ABSENT RINGS listed by SERIES: (See Master Dating Series for absent rings listed by year)

Ne ring measurements of zero value
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PART 2:

TIME PLOT OF TREE-RING SERIES: Bog Spring -- Quercus prinus

Run BSQ

Program COF 17:41

1995 Page 2

1.24P 22151

1900

LI |

1000

[ T T T

1100 1200

1100 1200

1300

1300

1400

LI T T T R R R

1400

1500

1500

1600

1600

L

1700

L R R

1760

1800

1800

1900

2000

Wed 23 AUG
Version
ldent Seq
. BSQ935W 1
BSG929E 2
BSQ938uW 3
BSQ928W [
BSQP258H 5
. BSQ937s &
. BSQ931S 7
. CLIFF2 8
. BSQ923NW @
. BSQ93I2NE 10
. Bsa921t 11
. BSQYZ7W 12
. BSQ92INw 13
. BSQ9Z1SE 14
. BSQYILNE 15
BSQ925 16
BSQ935 17
. BSQ936 i8
BSQP29W 19
. BSGO35 20
. BSQE28E 21
. BSQ922NW 22
. BSQ927E 23
. BSQ93%W 24
. BSQ¥3W 25
. BSQ934sw 26
BSQY3I3NE 27
BSQY33NE 28
BSQY22SE 29
BSQ93IN 30
BSQ93I5E 31
BSQY24SE 32
. Bsa930s 33
. BSQ926NW 34
. BSQ93&6E 35
. BSQ924NM 36
. BSQ926SE 37
BSQ9325W 38
BSQ9Y38E 39
BSQ923SE 40
CLIFF1 41
BSQYP3ON 42
BSQ9346W 43
BSQY3I9E 44
=>, BSQY3%E 45
. BSQY2SNE 46

2000

1915 1994 80
1915 1994 80
1905 1994 %0
1844 1994 151

1874 1994 121

1905 1994 %0
1907 1994 88
1900 1994 95
1880 1919 46
1946 1994 49
1924 1994 T
1841 1919 79
1942 1994 53
1905 1994 90
1915 1994 80
1873 1994 122
1918 1994 77
1900 1994 95
1914 1994 8t
1841 1994 134
1915 1994 80
1908 1994 87
1845 1993 149
1876 1994 119
1904 1994 9
1918 1994 77
1872 1994 123
1843 1994 152
1886 1919 34
1956 1994 39
1920 1994 75



1 PART 3: Master Dating Series: Bog Spring -- Quercus prinus 17:41 Jed 23 AUG 1995 Page 3

Year Value No Ab Year Value No Ab Year Value No Ab Year Value WNo Ab Year Value No Ab Year Value No Ab

1850 .842 6 1900 494 19 1950 -.241 41
1831 617 6 %0 051 19 1951 518 41
1852 -1.880 5 1902 1.208 19 1952 166 &1
1853 1.144 6 1903 .859 20 1953 1,123 41
1854 679 & 1904 1.515 21 1954 - .894 41
1855 .30 &6 1905 .359 24 1955 319 41
1856 -.905 & 1906 -.175 24 1956 326 42
1857 677 6 1907 -.626 25 1957 -.911 42
1858 -.752 & 1908 300 26 1958 461 42
1859 .886 6 1909 -.579 26 1959 -.567 42
1860 .250 & 1910 -.816 26 1960 1.087 42
1861 -.498 6 1911 -1.588 26 1961 895 42
1862 444 6 1912 -.855 27 1962 -.539 42
1863 1.039 6 1913 -.722 27 1963 564 42
1864 -.904 & 1914 457 29 1964 1.525 42
1865 -.445 7 1915 212 34 1965 -1.291 41
1866 -.860 7 1916 .991 34 1966 -1.023 41
1867 677 7 1917 612 34 1967 -.989 41
1868 -.295 7 1918 -.930 36 1968 -2.273 41
1869 1.808 7 1919 -.313 36 19659 -.026 41
1870 045 7 1920 1.803 35 1970 -.585 41
1879 -.883 7 1921 1.494 36 1971 -.885 41
1872 -1.044 8 1922 1.308 37 1972 776 41
1873 -2.372 ¢ 1923 -1.409 37 1973 493 41
1874 1.070 10 1924 037 38 1974 1.112 41
1875 -.850 10 1925 .292 38 1975 1.789 41
1876 -1.263 12 1926 -.530 38 1976 1.263 41
1877 -.710 12 1927 127 38 1977 989 41
1878 .756 12 1928 093 38 1978 1.070 41
1879 1.388 12 1929 -.620 38 1979 -.293 41
1880 .864 13 1930 -.627 38 1980 1.002 4%
1881 1.970 13 1931 -.681 38 1981 -2.407 40
1882 -.032 13 1932 .816 38 1982 -.927 40
1883 -.439 13 1933 -1.647 38 1983 -1.039 40
1884 ..089 13 1934 -.544 39 1984 -.577 40
1885 -.410 14 1935 (688 39 1985 747 40
1886  .501 15 1936 .078 39 1986 .032 40
1887 603 15 1937 1.871 39 1987 -.134 40
1888 -.549 15 1938 1.480 38 1988 -.938 40
1889  .95% 15 1939  .932 38 1989 -.445 40
1890 -.786 15 1940 -.204 38 1990 720 40

1841 463 2 1891 336 15 1941 L1683 38 1991 663 40

1842 1.449 2 1892 1.151 15 1942 -.076 39 1992 1.099 40

1843 -.772 3 1893 -1.1846 15 1943 -.703 39 1993 -.747 40

1844 .B14 & 1894 -1.363 15 1944 - 673 39 1994 270 39

1845 -1.575 6 1895 -1.785 15 1945 -1.313 39

1846 1.050 4 1896 -.822 15 1946  .548 40

1847 685 6 1897 -.442 16 1947 1.605 40

1848 1.182 & 1898 -.657 16 1948 -.526 40

1849 -3.543 & 1899 -.152 17 1949 -2.116 40



PART 4: Master Bar Plot: Bog Spring -- GQuercus prinus 17:41 Wed 23 AUG 1995 Page 4

1850-------- C 1900------- B 1950----a
1851------- B 1901----- 2 1951------- B
1852h 1902---+----- E 1952----- A
1853--------- E 1903-------- C 1953--------- D
1854 -~~~ -~ € 1904-----=-=nn F 1954-d
1855------ A 1905------ A 1955------ A
1856-d 1906----4 1956------ A
1857------- C  1907---c 1957-d
1858--¢ 1908+ ---~ A 1958~ ----- B
1859-------- D 1909---b 1959---b
— - - - 1860------ A 1970--¢ T960--+------ D
1861---b 1911 1961--==--=- D
1862--~--~ B 1912-c 1962---b
1863--------- D 1913--c 1963------- 8
1864-d 1914------ B 1964==n==num-- F
1865---b 1915-~--- A 1965
1866-c 1916--------- D 1966-d
1867---~--- L 1917-~----- B 1967-d
1868----a 1918-d 19681
1869---------- G 1919----a 1969----- a
- - - - - 1870-----a 1920---------- G 1970---b
1871--¢ 1921--=------- F 1971-d
1872-d 1922--------- E 1972-------- C
18731 1923¢ 1973- -~ === B
1874 ===~ D 1924----- a 1974-=----- D
1875-¢ 1925--- -~ A 1975~ G
1876-¢ 1926---b 1976~~~ E
1877--¢ 1927-----A 1977--------- D
1878------- C  1928----- a 1978--=---==- D
1879-~---mnnn- F 1929---b 1979----a
- - 1880-------- C  1930---c 1980---===--~ D
1881------mo-- H 1931--¢ 1981}
1882----- a 1932------- B 1982-d
1883---b 1933g 1983-d
1884----- a 1934---b 1984---b
1885----b 1935------- T 1985----e-o- c
1886---=--- B 1936----- a 1986----- 3
1887------- B 1937----eeeoo- G 1987----a
1888---b 1938---rememon F 1988-d
1889-------~ D 1939---m--a- D 1989---b
- 1890--¢ 1940----3 1990------- £
1841-~---- B 1891------ A 1941----- A 1991------- C
1842- -~ -memm- F 1892-+------- E 1942----- 2 1992-- - -nnn O]
1843--¢ 1893-¢ 1943--¢ 1993--¢
1844-------~ € 18%e 1944-~¢ 1994------ A
1845f 1895g 1945¢
1846- ===~~~ D 1896--¢ 1946------- B
1847------- C  1897---b 1947-----meunn F
1848--------- E 1898---c 1948---b
1849n 1899----a 194%h

154 values in series



COrrelatlons of 50-year dated segments lagged 25 years
Flags: __ A = correlation under  .3281 but highest as dated; —B = correlation higher at other than dated poesition

Seq Series Interval 1825 1850 1875 1900 1925 1950
1874 1899 1924 1949 1974 1999

1 BSQ935W 1865 1994 - .56 .60 .59 .69 .64 - - - - - - - . - - - - - -
2 BSQY29E 1921 1994 - - - .55 .51 49 - - - - - R R - - - R _ . R
3 B5Q938W 1B76 1994 - - 56 .73 .73 .73 - - - - - - - - - - - _ . -
4 BSQY2BW 1903 1994 - - - J3 .79 .86 - - - - - - - - - - - _ - -
5 BSQY255W 1915 1994 - - - .53 .77 .1 - - - - - - - - - - - _ - -
& BSQY37s 1885 1980 - - .41 .41 .50 .53 - - - - - - - - - . - R - -
7 BSQ931S 1915 1994 - - - .50 .65 .75 - - - - - - - - - . - . - -
8 CLIFF2 1915 1994 - - - .62 67 .64 - - - - - . - - - - - - R -
9 BSQYZ3NW 1905 1994 - - - b0 . T6 L61 - - - - - - - - - - . - - -
10 BSQ9Y32NE 1844 1994 .79 .71 .59 .54 .43 .44 - - - - - - - - - - - - _ _
11 BSE921 1920 1994 - - - LIS 4 | - - - - - - - . - - - - . _
12 BSQY27W 1899 1994 - - b2 44 6T 82 - - - - - - . - - - - - - _
13 BSQY2INW 1914 1994 - - - .64 .59 &5 - - - - - - - - - - - - - -
14 BSQP21SE 1897 1994 - - 58 64 69 .74 - - - - - - - - - - - - - _
15 BSQY34NE 1922 1964 - - - .57 - - - - - - - . - . . - . R R .
16 850925 1912 1994 - - - 55 .61 69 - - - - - - - - . - - - . -
17 BSQ936 1845 1937 .81 .73 .64 .57 - - - - - . - - - - - - - - - -
18 BSQY36 1950 1994 - - - - - A= - - - - - - - - - - - - -
19 BSQ929W 1934 1994 - - - - 51 .59 - - - - - - - - - - - - - _
20 BSQ93S 1874 1994 - .68 .88 .66 .64 .60 - - - - - - - - - - - - - -
21 BSQY28E 1905 1994 - - - .58 .65 .75 - - - - - - - - - - - - - -
22 BSQY22NW 1907 1994 - - - b4 TH TT - - - - - - - - - - - - - -
23 BSQ9Z7E 1900 1994 - - CERS A - - - - - - - - - - - _ - R
24 BSQY3SW 1880 1919 - - - 36 - - - - - - - - - - - . - - - _
B

25 BSQ93IWW 1946 1994 - - - - 37 - - - - - - - - - - - - - - -
26 BSAP3LASW 1924 1994 - - - .38 .36 .6% - - - - - - - - - R - - - _
27 BSQP33NE 1841 1919 b3 42 .38 - - - - - - - - - - - - - - . - .
28 BSQ933NE 1942 1994 - - - - .85 .57 - - - - - - - - - - R . - -
29 BSQ922SE 1905 1994 - - - 57 61 82 - - - - - - - - - - - - - -
30 BSQY3IN 1915 1994 - - - .65 7T .66 - - - - - - - - - - R - . R
31 BSQP3ISE 1873 1994 - L1 .41 50 .56 .68 - - - - - - - - - - - - - -
32 BSQI24SE 1918 1994 - - - i I 41 B & S - - - - - - - - - - - - -
33 BSQY30S 1900 1994 - - - 56 .69 .83 - - - - - - - - - - - - . -
34 BSQ926NW 1914 1994 - - - .67 _R3 .83 - - - - - - - - - - - - _ .
35 BSQ93SE 1841 1994 1 .67 .53 .50 .41 .39 - - - - - - - - - - - - - -
36 BSQU24NW 1915 1994 - - - 76 .75 .74 - - - - - - - - - - - - - -
37 BSQ9246SE 1908 1994 - - - 67 .73 .72 - - - - - - - - - - _ - - R
38 BSQ932SW 1845 1993 T4 63 .51 47 .83 .56 - - - - - - - - - - - - . -
39 BSQ938E 1876 1994 - - 38 .58 .64 .75 - - - - - - - - - - - - - -
40 BSQ923SE 1904 1994 - - - 70 69 .78 - - - - - - - - . - - - . -
41 CLIFFT 1918 1994 - - - 65 g8 .53 - - - . . . . _ T T -
42 BSQY3ON 1872 1994 - A& 46 .49 55 .78 - - - - - - - - - - - . - R
43 BSQY3SM 1843 1994 .68 .69 _68 .64 .55 .53 - - - - - - - - - - - - - -
44 BSQY39E 1836 1919 - 62 - - - - - - - - - - - - . . - R - _
45 BSQY39E 1956 1994 - 56 - - - - - - - - - - - - - - - - - -

46 BSQ92SNE 1920 1994 - - - .78 .76 .79 - - - - - - - - - - - - - -



For each series with potential problems the following diagnostics may appear:

t

[A] Correlations with master dating series of flagged 50-year seagments of series filtered with 32-year spline,
at every point from ten years earlier (-10) to ten years later {+10) than dated

[8] Effect of those data values which most Lower or raise correlation with master series
iC] Year-to-year changes very different from the mean change in other series
[D} Absent rings (zero values)

LE] Values which are statistical cutliers from mean for the year

BSQ935W 1865 to 1994 130 years Series 1
[B) Entire series, effect on correlation ( .605) is:

Lower 1993 -.022 1872 -.017 1939 -.014 1906 -.010 Higher 1949 017 1933 015 1985 .015 1981 .013
BSQ929E 1921 to 1994 74 years Series 2
[B] Entire series, effect on correlation ( .501) is: .

Lower 1992 -.033 1951 -.028 1933 -.021 1983 -.020 Higher 1968 .04% 1981 .028 1923  .023 1§37 .013
BSQP38W 1876 to 1994 119 years Series 3
[B} Entire series, effect on correlation ( .860) is:

Lower 1897 -.0%4 1889 -.013 1948 -.013 1881 -.012 Higher 1933 .016 1949 .012 1985  _0%1 1920 .04
BSQ928W 1903 to 1994 92 years Series 4
[B] Entire series, effect on correlation ¢ .812) is:

Lower 1942 -.010 1929 -.009 1908 -.008 1506 -.007 Higher 1981 .020 1958 .007 1911  .005 1937 004
B509255W 1915 to 1994 80 years Series 5
[B] Entire series, effect on correlation ¢ -605) is:

Lower 1916 -.103 1918 -.014 1991 -.013 1952 -.012 Higher 1981 .056 1968 .027 1937 .013 1947 .013
BSQ9375 1885 to 1980 36 vyears Series &
[B] Entire series, effect on corretation { .4%99) is:

Lower 1974 -.045 1920 -.030 1933 -.023 1918 -.017 Higher 1893 .022 1895 .016 1968 .016 1954 .015
[E1 Outliers 1 3.0 SD above or -4.5 SD below mean for year

1919 +3.1 D
BSQS31s 1915 to 1994 80 years Series 7
[B] Entire series, effect on correlation ¢ B30) is:

Lower 1921 -.029 1916 -.019 1986 -.016 1932 -.014 Higher 1981 .086 1949 025 19468 .017 1920 .013
CLIFF2 1915 to 1994 80 years Series 8
(Bl Entire series, effect on correlation ( .633) is:

Lower 1922 -.026 1991 -.018 1988 -.017 1930 -.015 Higher 1923  .020 1948 .020 1949 .018 1965 18




BSOb23NU 1905 to 1994 90 years

Series ¢
[B] Entire series, effect on carrelation { .595) is:

Lower 1990 -.106 1914 -.04B 1905 -.009 1949 -.008 Higher 1981 .038 1965 017 1937 .015 1923 .013
[C]1 Year-to-year changes diverging by over 4.0 std deviations:

1990 1991 4.2 SD
{E] Qutliers 1 3.0 SD sbove or -4.5 SD below mean for year

1990 -5.5 SD
BSQY32NE 1844 to. 1994 151 vyears Series 10
[B] Entire series, effect on co}-relation ( .374) is:

Lower 1976 -.024 1968 -.015 1930 -.011 1972 -.010 Higher 1849 043 1873 017 1949 .015 1965 012
BSQ921 1920 to 1994 75 years Series 11
[B]l Entire series, effect on correlation { .684) is:

Lower 1949 -.017 1974 -.014 1967 -.012 1952 -.011 Righer 1981 019 1937 012 1923 011 1975 0N
83Q927W 1899 to 1994 96 years Series 12
[B]l Entire series, effect on correlation ( .520) is:

Lower 19153 -.051 1951 -.025 1992 -.025 1902 -.016 Higher 1981 .030 1968 .020 1933  .019 1937  .o017
BSQP2INW 1914 to 1994 81 years Series 13
[B] Entire series, effect on correlation { .&72) is:

Lower 1958 -.023 1988 -.018 1936 -.018 1952 -.014 Higher 1981 063 1923 019 1920 013 1949 012
BSQY21SE 1897 to 1994 98 years Series 14
[B] Entire series, effect on correlation ( .452) is:

Lower 1931 -.040 1992 -.023 1898 -.017 1952 -.012 Higher 1981 .037 1933  .020 1965 L0155 1937 (012
BSQY34NE 1922 to 1964 43 years Series 15
[B] Entire series, effect on correlation ( .567) is:

Lower 1955 -.036 1923 -.02¢ 1957 -.016 195% -.014 Higher 1949 056 1954 027 1937 027 1964 .015
BSQS25 1912 to 1994 83 years Series 16
[B] Entire series, effect on correlation { .645) is:

Lower 1925 -.025 1916 -.017 1950 -.015 1952 -.014 Higher 1981 _033 1968  .028 1933 022 1975 .009
BSQ935 1845 to 1937 93 years Series 17
fB} Entire series, effect on correlation ( .723) is: )

Lower 1919 -.015 1893 -.011 1937 -.011 1870 -.010 Higher 1849 .038 1873  .019 1881t  .009 1920 .008
BSQ936 1950 to 1994 45 years Series 18
[B] Entire series, effect on correlation ( .491) is:

Lower 1966 -.047 1965 -.040 1981 -.023 1953 -.018 Wigher 1964 .021 1954 .016 1948 014 1985 012
BSQY29W 1934 to 1994 61 years Series 19
[Bl Entire series, effect on corretation { .528) is:

Lower 1940 -.039 1951 -.032 1965 -.025 1983 -.025 Higher 1981 .072 1968 .032 1947 018 1975 013




BSQ93S- 1874 ta 1994 121 years Series 20
(Bl Entire series, effect on correlation { .604) is:

Lower 1994  -.620 1993 -.020 1893 -.015 1940 -.012 Higher 1949 022 1923 016 1947 009 1895 a0y
BSOP2BE 1905 to 1994 90 years Series 21
[B] Entire series, effect on correlation ¢( .702) is:

Lower 1948 -.019 1911 -.017 1931 -.015 1954 -.014 Higher 1937 .011 1981 .01t 1968 _0%0 1949  .04C
BSQYZ2NW 1907 to 1994 88 years Series 22
[B] Entire series, effect on correlation { .722) is:

Lower 1911 -.023 1951 -.015 1992 -.009 1935 -.009 Higher 1981 .031 1968 017 1949 014 1937 009
BSQY27E 1900 to 1994 95 years Series 23
[B] Entire series, effect on correlation ¢( .518) is:

Lower 1942 -.054 1993 -.026 1992 -.025 1949 -.023 Higher 1981 042 1911  .014 1968 .04 1933  .012
[E1 Qutliers 1 3.0 SD above or -4.5 SD below mean for year

1942 -5.0 SD
BSQP39W 1880 to 1919 40 years Series 24
[A] Segment High -10 -9 -8 -7 -6 -5 -4 -3 -2 -1 #0 +1 +2 +3 +h 45 46 27 +8  +9 +10

1880 1919 -.05 -.08 .02 .12 -.17 -.07 -.01 -.01 .36 .02 .36 .20 -.24 -.16 -.06 .00 -.03 -.52 -.12 .05 -.G7
-2 < >
[B] Entire series, effect on correlation ¢ .359) is:
Lower 1914 -.089 1884 -.067 1905 -.030 1909 -.024 Higher 1881 .041 1902 _040 1916 .033 1895 033
1880 to 1919 segment: .

Lower 1914 -.089 1884 -.067 1905 -.030 1909 -.024% Higher 1881 .047 1902 .040 1916 .033 1895 .033
BSQY3W 1946 to 1994 49 years Series 25
[B] Entire series, effect on correlation ( 365} is:

Lower 1949 -.037 1954 -.033 1964 -.031 1970 -.022 Higher 1957 023 1993  .022 1992 .015 1948 .015
BSQAP34SW 1924 to 1994 7t years Series 26
[B] Entire series, effect on correlation ¢ .494) is:

Lower 1946 -.022 1930 -.020 1933 -.018 1927 -.018 Higher 1981 .070 1965 .020 1968 .020 1993 014
BSQY33INE 1841 to 1919 79 years Series 27
fB] Entire series, effect on correlation ( .566) is:

Lower 1850 -.033 1837 -.030 1878 -.022 1875 -.020 Higher 1849 .119 1881 .016 1873 .012 1869 .012
BSQP33NE 1942 to 1994 53 years Series 28
iB] Entire series, effect on correlation ( .569) is:

Lower 1966 -.029 1958 -.024 1945 - .022 1952 -.021 Higher 1981 090 1965 022 1975 017 1993 012
BSQY22SE 1905 to 1994 90 years Series 29
[B] Entire series, effect on correlation ¢ .595) jis:

Lower 1951 -.018 1994 -.012 1913 -.011 1960 -.011 Higher 1981 .034 1933  .024 1975 _012 1968 .010




BSQ93IN- 1915 to 1994 80 years series 30
[B] Entire series, effect on correlation ( .662) is:

Lower 1948 -.021 1993 -.019 1964 -.015 1920 -.013 dHigher 1949 .020 1965 016 1981 014 1933 04
BSQP35E 1873 to 1994 122 years Series 31
[B] Entire series, effect on correlation ¢( .513) is:

Lower 1886 -.023 1968 -.019 1885 -.017 1927 -.012 Higher 1949 .022 1965 019 1981 .017 1893 014
[E} OQutliers 1 3.0 SD above or -4.5 SD below mean for year

1885 +3.2 sD
B3QYZ4SE 1918 to 1994 77 years Series 32
{Bl Entire series, effect on correlation ( .727) is:

Lower 1957 -.014 1940 -.014 1932 -.010 1927 -.010 Higher 1965 014 1937 012 1968 011 1920 .0n
BSQ930s 1900 to 1994 95 years Series 33
{B] Entire series, effect on correlation ( .712) is:

Lower 1904 -.023 1928 -.023 1943 -.014 1913 -.013 Higher 1981 .04 1968  .013 1933 013 1945 .0M
BSQP26NW 1914 to 1994 81 years Series 34
{E] Entire series, effect on correlation ¢ .722) is:

Lower 1917 -.098 1985 -.014 1930 -.013 1918 -.009 Higher 1968 _020 1981 019 1933 013 1923 .013
BS@936E 1841 to 1994 134 years Series 35
8] Entire'series, effect on correlation ¢ .528) is:

Lower 1954 -.023 1968 -.D18 1964 -.015 1980 -.010 Higher 1873 .017 1849 .015 1965 .00 1881 .00%
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1954 +3.6 5D
BSQF24NW 1915 to 1994 80 vears Series 36
[B] Entire series, effect on correlation ¢ .745) is:

Lower 1993 -.017 1985 -.017 1961 -.013 1942 -.013 Higher 1923 .G15 1945 010 1920 010 1937 010
BSQ?ZSSE 1908 to 1994 87 years Series 37
[B] Entire series, effect on correlation ¢( .709) is:

tower 1931 -.015 1949 -.014 1940 -.012 1920 -.011 Higher 1968 .018 1933  .015 1923 .014 1975  .008
[E] Outliers 1 3.0 SD above or -4.5 SD below mean for year

1992 +3.0 SD
BSQY32sW 1845 to 1993 149 years Series 38
[B] Entire series, effect on correlation ( .571) is:

tower 1992 -.027 1988 -.016 1923 -.014 1980 -.012 Higher 1981 .034 1849 .028 1949 .01 1873  .013
[E] Qutliers T. 3.0 SD above or -4.5 SD below mean for year

1988 +3.4 SD
BSQY38E 1876 to 1994 119 years Series 39
[B] Eritire series, effect on correlation ¢ .555) is:

Lower 1879 -.031 1895 -.018 1857 -.016 18B% -.013 Higher 1981 .019 1965 018 1937 .011 1975  .009
[El Outliers 1 3.0 SD above or -4.5 SD below mean for year

1897 +3.5 sSD




BSQ923ISE 1904 to 1994 91 years Series 40
[B] Entire series, effect on correlation ( .754) is:

Lower 1940 -.015 1961 -.013 1976 -.013 1956 -.012 Higher 1981 .03& 1965 .012 1933 .00% 1937 .008
CLIFF1 1918 to 1994 77 years Series 41
tBl Entire series, effect on correlation ( .542) is:

Lower 1930 -.046 1988 -.025 1994 -.024 1948 -.017 Higher 194% .030 1920 .021 1965 019 1948 o7
BSO930N 1872 to 1994 123 years’ Series &2
[Bl Entire series, effect on correlation ( .596) is:

Lower 1904 -.026 1943 -.020 1951 -.013 1875 -.013 Higher 1981 .050 1949 .018 1568 017 1893 oM
[E] Outliers 1 3.0 sD above or -4.5 5D below mean for year

1943 +3.3 sD
BSAF36W 1843 to 1994 152 years Series 43
[B] Entire series, effect on correlation ( .592) is:

Lower 1981 -.019 1970 -.017 1956 -.012 1968 -.011 Higher 1873 .013 1949 .012 1852 .00 1881  .007
{E] OQutliers 1 3.0 SD above or -4.5 SD below mean for year

1970 +4.3 8D :

BSQ939E 1886 to 1919 34 years Series 44
[B] Entire series, effect on correlation ( .619) is:

Lower 1905 -.105 1893 -.036 1909 -.019 1914 -.016 Higher 1902 .026 1889 023 1918 022 1916 .020
BSQY39E 1956 to 1994 39 years Series 45
[B] Entire series, effect on correlation ( .563) is:

Lower 1969 -.067 1963 -.052 1962 -.033 1985 -.031 Higher 1981 117 1975 .022 1966 020 1968  .013
BSQY25ME 1920 to 1994 75 years Series 46
[B] Entire series, effect on correlation { .784) is:

Lower 1979 -.019 1965 -.015 1936 -.013 1983 -.012 Higher 1981 035 1968 .06 1923 .012 1933 an







1 PART 7: DESCRIPTIVE STATISTICS: Bog Spring -- Quercus prinus 17:47 Wed 23 AUC 1995 Page 7

N Unfiltered -------- \\ //---- Filtered ----- W
No. No. No. with Mean Max Std  Aute HMean Max Std Autc AR
Seq Series Interval Years Segmt Flags Master msmt msmt dev corr sens value dev  corr ()

1 BSQY3I5W 1865 1994 130 5 0 605 68 1.50 250 .498 256 2.21 407 -.013 1
2 BSQ929E 1921 1994 74 3 0 201 1.517 3,72 797 .804  .256 2.02 374 015 1
3 BSav3sW 1876 1994 119 & a 660 1.55 6.90 952 .82 .208 2.04 340 -.035 1
4 BSQYZAW 1903 1994 92 3 o 812 1.74 4.34 716 .638 .253 2.07 467 -.021 1
5 BSQ9Z255W 1915 1994 80 3 0 605 2,04 4.86 %08 .796 197 2.07 392 -.038 3
6 BSQ937S 18BS 1980 96 4 0 499 98 3.16 369 874 201 2.09 424 -.002 2
7 BSQ931S 1915 1994 80 3 0 630 1.49 2.82 481 542 .234 1.9% 361 -.012 1
8 CLIFFZ 1915 1994 80 3 0 633 1.22 4.33 619 692 251 2.20 405 .025 1
P BSQP2INW 1905 1994 90 3 0 -395 1.40  2.70 472 677 210 1,93 354 -,052 1
10 BSQY3ZNE 1844 1994 151 -] 0 574 B9 2.54 445 768 207 1.96 384 -.061 1
11 BSQY21 1920 1994 75 3 0 684 1,84 5.84 1.398 887 335 193 .352 -.028 1
12 BSQ927W 1899 1994 96 4 0 .520 1.43  2.87 641 .85 .212 2.05 372 .010 %
13 BSQP21NW 1914 1994 a1 3 0 L72 0 1.66 4.2 703 759 .243  1.94 327 -.020 1
14 BSQY21SE 1897 1994 28 4 0 LA52 0 1.40 3.16 659 831 210 1.92  .342 -.004 1
15 BSQY34NE 1922 1964 43 1 0 567 1.26 3.15 624 648 307 2.07 .53%  .010 1
16 BSQ925 1912 1994 &3 3 0 H45 0 2,23 5.88 1.091  .828 230 2.0% 395 -.070 1
17 BSQ936 1845 1937 93 4 0 723 1,08 2.23 307 266 243 2,19 .629 -.019 1
18 BSQ936 1950 1994 45 i 0 491 .85 1,19 158 177 195 1.87 375 -.022 1
19 BSO929W 1934 1994 &1 2 0 .926  1.44 347 800  .T05 240 1.93 .38 -.036 1
20 BSQ935 1874 1994 121 5 0 .604 700 1.37 226 .434 ¢80 2.03 389 .005 1
21 BSQY2BE 1905 1994 90 3 0 702 2.32  5.40 913 624 .264 1.8 314 -.076 2
22 BSQYZ2ZNW 1907 1994 88 3 0 722 1.97  3.50 616 .716 .195 1.90 .38 -.022 1
23 BSQY27E 1900 1994 95 3 [t} 518 1.29 4.43 840 .90 .196 1.88 332 01¢ 1
24 BSQ93I%W 1880 1919 40 1 1 2359 1.05  2.71 .579 .805 .230 2.34 550 .116 1
25 BSQ93oM 1946 1994 49 1 0 -365 470 1.12 239 (782 235 2. 404 -.D33 1
26 BSQP34SW 1924 1994 71 3 o L4946 1,23 3.03 523 .816 272 2.01 417 -.069 2
27 BSQYI3NE 1841 1919 I4s 3 0 .566 .75 2.62  .470  .B3% 261 1.89 .272 .062 1
28 BSQY33NE 1942 1994 53 2 0 .56% .50 1.40 283 .B44 232 2.16 453 -.073 1
29 BSQY22SE 1905 1994 S0 3 0 L5395 1.54 2.9 467 533 .231  1.96  .366 -.048B 1
30 BS@Y3IN 1915 1994 80 3 1] 662 1.34  2.31 369 514 230 1.97  .349 -.057 1
31 BSQ935E 1873 1994 122 5 0 513 72 3.87 503 .488 .285 2.16 .37 01¢ 1
32 BSQ9Y24SE 1918 1994 7 3 0 727 1.7% 3.77 760 659  .256 1.98 .337 -.047 1
33 BSQ9305 1900 1994 95 3 0 712 1.8 3.53 631 .706 .212 1.86 316 -.078 1
34 BSQO26NW 1914 1994 81 3 0 722 1.71 3.0% 549  .831  .151 1.87 360 -.033 1
35 BSQY3EE 1841 1994 154 6 0 526 93 2,47 327 (546 202 1.95 341  .030 1
36 BSQ924NW 1915 1994 20 3 0 745 2.05 3.88 811 .662 234 1.95 370 -.037 2
37 BSQ926SE 1908 1994 a7 3 0 709 2.00  3.62 645 T34 184 2.20 402 -.039 1
38 BSQ9P32sSW 1845 1993 149 6 0 .371 85 1.95 304 695 197 1.8¢ 338 -.003 1
39 BSQY3BE 1875 1994 119 4 0 355 1.34 3.56 451 762 169 1.94 (334 -.050 t
40 BSQ923SE 1904 1994 91 3 0 734 1.67 2.9 520 .650 .208 2.01 .387 -.052 1
41 CLIFF1 1918 19%4 77 3 0 542 82 2.2 297 521 .245  1.99  .337  .000 1
42 BSQ93ON 1872 1994 123 5 1] 596 1.47 3.4 642 774 .250 1.88 308 -.009 1
43 BSQ936W 1843 1994 152 & 0 592 1.02 2.63 291 .468 183 2.17 427 .004 1
44 BSQY39E 1886 1919 34 1 0 619 1,26 2,29 381 422 208 1.99 504 -.070 1
45 BSQ939E 1956 1994 39 1 o .563 60 1,10 202,643 193 2.06 499  .020 1
46 BSQP25NE 1920 1994 IE 3 i 784 1.47 2.33 382 .404 193 1.93 416 -.023 1

Total or mean: 4078 150 1 412 1.32 6,90 .552  .66%  .226 2.34 376 -.020



Appendix B



BRF 1977-Nostress Site

*kkx*x Tnput file names *r sk ¥ kkdkdkhkdkkhrrhhkxx®

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1977.CLI

Plant 1 : C:\GAPS3\BR-OAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

* ok kok Kk Output file names **xkkdhkrdrkhhkhhkhkdkhd ki
Summary : C:\GAPS3\1977.8UM

Model : C:\GAPS3\1977.DET

*kk kR Simulation Drocedures hkkhkkdhhkhhkkdkdhkddkkaki

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated '

****% Beginning simulation year 1 #**%xx*xkstkxxxx

First day ' : 1
Last day : 365
Constant

Model options: > Waterinterception
»>> Crop planted, beginning growth on real day 105 (= elapsed day 0)

>> Crop harvested on real day 288 (= elapsed day 183)
FE**¥* generic crop model summary *kskkkkEkxxkx
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00

*** Constant crop model summary:

¥AkEEE gummary water budget (kg/m2 or mm) **ksx

Total Precipitation : 1425
Total Runoff : 0
Total Water Input to Surface : 1270
Total Potential ET : 999
Total Potential Transpiration : 408
Total Actual Transpiration : 156
Total Potential Evaporation : 336
Total Actual Soil Evaporation : 318
Accumulated Deep Drainage : 699
Initially in profile : 57
Finally in profile : 55

Change in Storage : -2



BRF 1977~ Stress Site
* &k kpk % Input file names **sxkdkkkkdhhhkdkrkhrdhhkt®

Site . C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : C:\GAPS3\BR1%77.CLT

Plant 1 : (C:\BGAPS3\BR-OAK.PLT

Save i C:\GAPS3\MONTHLY .SAV

¥ ok &k k Output file namesg #***kkx*kkkkkkkkhkkrdkdhdt s
Summary : C:\GAPS3\19778.8UM

Model : C:\GAPS3\19778.DET

*k%*x% Simulation procedures *kkkkkkkkkik ki khE*

S0il temperature : not gimulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor_ETP)
Surface runoff : not simulated

Scil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

***%% Beginning simulation year 1 *xxkxsssskkkx

First day : 1
Last day : 365
Constant

Model options: > Waterinterception
>> Crop planted, beginning growth on real day 105 (= elapsed day 0)

>> Crop harvested on real day 288 (= elapsed day 183)
FX*** generic crop model sSummary FEkrkkkkkkkk s
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
*EX*kx summary water budget (kg/m2 or mm) ***x%
Total Precipitation : 1425

Total Runoff : 0

Total Water Input to Surface : 1170

Total Potential ET : 999

Total Potential Transpiration : 408

Total Actual Transpiration : 143

Total Potential Evaporation : 336

Total Actual Soil Evaporation : 317
Accumulated Deep Drainage : 713
Initially in profile : 37

Finally in profile : 35

Change in Storage : -2



: BRF:1578- Stress Site

*xkkd Toput file namesg **kkkkkdkdskmrkhhahrnrhn

Site ;. C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : (C:\GAPS3I\BR1978.CLI

Plant 1 C:\GAPS3\BR-0CAK.PLT

Save :  C:\GAPS2\MONTHLY.SAV

% ¥k %k K Output flle names **********************
Summary : C:\GAPS3\1978S.8UM

Model : C:\GAPS3\19788.DET

*k*kk*x Simulation procedures *kdkxkkkkkkkrkkkd ik

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

*¥**++ Beginning simulation year 1 *kkxkxkkkxxsx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
Fx*x* generic crop model summary *rEkkxkxkkkkxx
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
FrRx&Ekx gummary water budget (kg/m2 or mm) ¥E#xx
Total Precipitation : 1235

Total Runoff : 0

Total Water Input to Surface : 984

Total Potential ET : 873

Total Potential Transpiration : 400

Total Actual Transpiration : 196

Total Potential Evaporation : 323

Total Actual Soil Evaporation : 294
Accumulated Deep Drainage : 498
Initially in profile : 37

Finally in profile : 34

Change in Storage : -3



" BRF'1978- Nostress Site

*xkxk Tnput file names *xxkkkkkkkdkddkkrhrkhdhhx

Site : C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1979.CLI File not found
Plant 1 : (C:\GAPS3\BR-CAK.PLT File not found
Save :  C:\GAPS3\MONTHLY .SAV

* & % %k Output flle names **********************

Summary : C:\GAPS3\1979,SUM

Model : C:\GAPS3\1979.DET

% ¥k %k Slmulatlon proeedures *khkdkhkhkkhkdhkdbhrhkhhkdhhkkith

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping_Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

*rxx* Beginning simulation year 1 #xsxxskkkxxsik

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
***x% generic crop model summary FEEEkkxxkkkxkkk
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) - 1.00
FEREXX* summary water budget (kg/m2 or mm) **#*%
Total Precipitation : 1586

Total Runoff : 0

Total Water Input to Surface : 1342

Total Potential ET : 991

Total Potential Transpiration : 414

Total Actual Transpiration : 218

Total Potential Evaporation : 335

Total Actual Soil Evaporation : 303
Accumulated Deep Drainage : 824
Initially in profile : 57

Finally in profile : 54

Change in Storage : -3



. BRF., 1979- Stress Site

* ok k kK Input file namesg **kdxkktdkkkddbhkdt kb kbt ket ki

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : C:\GAPS3\BR1979.CLT

Plant 1 : C:\GAPS3\BR-0AK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

*****. Output file riames **xkxkkktkrhktdhkkrhkhkhxkhkxt
Summary : C:\GAPS3\1979S.8UM

Model : C:\GAPS3\1979S.DET

*kkk*k simu}_ation Procedures *hhkhkkhkdkhkhkhkherkhkhhh

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor_ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

*k*** Beginning simulation year 1 *kkkkkksksssk

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)

>> Crop harvested on real day 288 (= elapsed day 183)

*rkk* generic crop model summary *FFkkkk ek gk

Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) : 1.00
*rxkkk gummary water budget (kg/m2 or mm) *Ess*
Total Precipitation : 1586
Total Runoff : .0
Total Water Input to Surface : 1344
Total Potential ET : 991
Total Potential Transpiration 414
Total Actual Transpiration : 189

- Total Potential Evaporation : 335
Total Actual Soil Evaporation : 302
Accumulated Deep Drainage : 856
Initially in profile : 37
Finally in profile : 35

Change in Storage : -3



BRF 1979- Nonstress Site

*xxx* Input file names *xkkkkkkkdkkkkkhkkxhd s+

Site : C:\GAPS3\BRF.LOC

Soil : C:\GAPSB\BR—NOSTR.SOL

Climate : (C:\GAPS3\BR1979.CLT File not found
Plant 1 C:\GAPS3\BR-0AK.PLT File not found
Save C:\GAPS3\MONTHLY.SAV

* ik k kK Output file names *kx*kkhkkdkkdhkhkxhkkdrkxhkhx

Summary : C:\GAPS3\1979.8UM
Model : C:\GAPS3\1979.DET

**%x** Simulation procedures *kkxkhkkkkhkkkkkkkkk

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

***%% Beginning simulation year 1 **kkxsxskkskx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
*xkk% generic crop model summary FrxExEkkkkkkkx
Accumulated top dry matter {kg/m2) : 4.00
Accumulated root dry matter (kg/m2) : 1.00
¥rxx&% gummary water budget (kg/m2 or mm) *rixx
Total Precipitation : 1586

Total Runoff : 0

Total Water Input to Surface : 1342

Total Potential ET : 991

Total Potential Transpiration 414

Total Actual Transpiration : 218

Total Potential Evaporation : 335

Total Actual Soil Evaporation : 303
Accumulated Deep Drainage : 824
Initially in profile : 57

Finally in profile : 54

Change in Storage : -3



°

BRF' 1980~ Nonstress Site

*xkk* Tnput file names F**+xkskakhkdtkkkrh X &k x

Site : C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-NOSTR.SOCL

Climate : C:\GAPS3\BR1980.CLI

Plant 1 : C:\GAPS3\BR-OAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

*x%xx% Qutput file names **xkdxkkrhkk ki kkkkk ks
Summary : C:\GAPS3\1%80.SUM

Model : C:\GAPS3\1980.DET

*hkxk*k Simulation procedureS *hkkkhkkdkdhkdthkddthrtdik

Scil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor_ETP)
Surface runoff : not simulated

Scil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

**%** Beginning simulation year 1 **x#xxssxxsx*

First day : 1

Last day : 385

Constant

Model options: > Waterinterception

>> (rop planted, beginning growth on real day 105 (= elapsed day 0)
»>> Crop harvested on real day 288 (= elapsed day 183)

*FF** generic crop model summary *kkkdxkkkkkkx

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) 1.00

Trxkxx summary water budget (kg/m2 or mm) *Exx%

Total Precipitation : 994
Total Runoff : 0
Total Water Input to Surface : 764
Total Potential ET : 999
Total Potential Transpiration : 441
Total Actual Transpiration : 84
Total Potential Evaporation : 329
Total Actual Soil Evaporation : 282
Accumulated Deep Drainage : 399
Initially in profile : 57
Finally in profile : 55

Change in Storage : -1



BRY 1981- Stress Site

*xxx% Tnput file names **kkikxddrkkrdk Xk khxhkxr*
Site : C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : C:\GAPS3\BR1981.CLI

Plant 1 : C:\GAPS3\BR-OAK.PLT

Save :  C:\GAPS3\MCNTHLY.SAV

kkkkd Output file Names **kkxrddkdkckkhkhkdkrxhsk

Summary : C:\GAPS3\1981S.8UM
Model : C:\GAPS3\19818.DET_

hhkk k% Simu}_ation procedures dhkhkkrkkhkhkhkrhkkhkkk

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water {(SimpleWaterUptake)
Field hours : not simulated

***%* Beginning simulation year 1 #***kkkkkxisks

First day : 1

Last day : 365

Censtant

Model options: > Waterinterception

»> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183).

*rx*%k generic crop model summary FrEkxkk ke kxkk ks

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter {(kg/m2) : 1.00

FhxExx gummary water budget (kg/m2 or mm) ***xx

Total Precipitation 993
Total Runoff : G
Total Water Input to Surface : 756
Total Potential ET : 998
Total Potential Transpiration 425
Total Actual Transpiration : 103
Total Potential Evaporation : 336
Total Actual Soil Evaporation 269
Accumulated Deep Drainage : 387
Initially in profile : 37
Finally in profile : 35
Change in Storage : -2

*'k*********************************************

Ending simulation on 2/18/1997 at 23:32:45



£

BRF.1981- Nonstress Site

*¥*%+* Tnput file nameg *k*kdkkxkkhhkhrdhkdhkdkik

Site : C:\GAPS3\BRF.LOC

Soil : C:\GAPS3I\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1921.CLT

Plant 1 : C:\GAPS3\BR-QAK.PLT

Save : C:\GAPS3\MONTELY.SAV

* Xk k ok Output file names LR B S R AR R R EFEE L EEE X TR T
Summary : C:\GAPS3\1%81.8UM

Model : C:\GAPS3\1981.DET

* %k ok ok ok Simulation procedures dhkkkkkkkthkhkkidhdhkrk

Soil temperature : not simulated

Evapo-transgpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Scil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

*¥**k* Beginning simulation year 1 ***%kkdxsxixx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)

*****x generic crop model summary *kkkxkEkkkkkkk

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) 1.00

**x%x*¥* gummary water budget (kg/m2 or mm) **%%%

Total Precipitation 993
Total Runoff : 0
Total Water Input to Surface : 756
Total Potential ET : 938
Total Potential Transpiration 425
Total Actual Transpiration : 120
Total Potential Evaporation : 336
Total Actual Soil Evaporation : 270
Accumulated Deep Drainage : 368
Initially in profile : 57
Finally in profile : 54
Change in Storage : -2

Fhdkhkdhdkdhhhhhdhbhhdther kb d ook hbhdhdhhdkhkdandhk

Ending simulation on 2/18/1997 at 23:32:23



. BRF.1382- Stress Site

*xxk% Tnput file names *rkrdkdkddhh bkt hkdhs st

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : C:\GAPS3\BR1982.CLI

Plant 1 : C:\GAPS3\BR-0AK.PLT

Save : C:\GAPS3\MONTHLY.SAV

* &k ok ke Output flle nanmes *khkhkhkdkxhkhkdrkhkthitrhdhhkhk*x
Summary : C:\GAPS3\19825.8UM

Mcdel : C:\GAPS3\19828.DET

* %k kK Simulatlon procedures LR R RS L EE R E L E X 3R S

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

***xx Beginning simulation year 1 ***x*kkxkxxs*

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)

Fr*+* generic crop model summary **xkkkxkkkkkx

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) 1.00

*rExxx gummary water budget (kg/m2 or mm) FkE**

Total Precipitation 880
Total Runoff : 0
Total Water Input to Surface : 732
Total Potential ET : 973
Total Potential Transpiration : 392
Total Actual Transpiration : 223
Total Potential Evaporation : 333
Total Actual Soil Evaporation : 257
Accumulated Deep Drainage : 255
Initially in profile : 37
Finally in profile : 35
Change in Storage : -3

***********************************************

Ending simulation on 2/18/1997 at 23:33:47



* BRF'1982- Nonstress Site

*x*% % Tnput file names ***kkkkdrkkrkhkkkrkdkdkkd*

Site :  C:\GAPS3\BRF.LOC

Soil : i C:\GAPS3\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1982.CLI

Plant 1 : C:\GAPS3\BR-OAK.PLT

Save ;. C:\GAPS3\MONTHLY.SAV

*x%%%* Qutput file names Kk EFIAF R IR Kk kkkk ok k k%
Summary : C:\GAPS3\1982.SUM

Model : C:\GAPS3\1982.DET

* Kk k%K Simulation procedures hkhkhkhkkhkhkddbddkhhkhkhi

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETD)
Surface runoff : not simulated

Soil water filow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

***%* Beginning simulation year 1 ##*kkxkxtgxks

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)

>> Crop harvested on real day 288 (= elapsed day 183)
*rxx% generic crop model summary *xEkEkxkkkkkx k&
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) : 1.00

Fra&&xx summary water budget (kg/m2 or mm) *rxxx

Total Precipitation : 980
Total Runoff : 0
Total Water Input to Surface : 732
Total Potential ET : 973
Total Potential Transpiration 392
Total Actual Transpiration : 246
Total Potential Evaporation : 333
Total Actual Soil Evaporation 257
Accumulated Deep Drainage : 232
Initially in profile : 57
Finally in profile : 54
Change in Storage : -3

***'k*******************************************
Ending simulation on 2/18/1997 at 23:33:23






« BRF.1983- Stress Site

**%x% Tnput file rnames *F**xk+tdkhkhkkkdhkddhkhhkhhrh

Site : C:\GAPS3\BRF.LOC

Soil : C:\GAPS3\BR-STRES. SOL

Climate : C:\GAPS3\BR1983.CLT

Plant 1 : C:\GAPS3\BR—OAK.PLT

Save : C:\GAPS3\MONTHLY.SAV

* ok ok k ok Output flle names LR R R R R R R R R R N S S
Summary : C:\GAPS3\1983S.SUM

Model : C:\GAPS3\1983S.DET

khkkk*k Simulation procedures khkdkkbikhkthkhkhkhd ikt ix

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_ Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water {(SimpleWaterUptake)
Field hours : not simulated '

**%x%* Beginning simulation year 1 **%skkkkkdrxx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)

Frx** generic crop model summary FkkEkrxEkkkEkwkx

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) 1.00

FrRkkxE gummary water budget (kg/m2 or mm) *#*k%*

Total Precipitation 1783
Total Runcff : 0
Total Water Input to Surface : 1529
Total Potential ET : 1003
Total Potential Transpiration 409
Total Actual Transgpiration : 129
Total Potential Evaporation : 339
Total Actual Scil Evaporation 323
Accumulated Deep Drainage : 1079
Initially in profile : 37
Finally in profile : 35
Change in Storage : -2

-k***********************1\'**********************

Ending simulation on 2/18/1997 at 23:34:51



. " BRF’'15%83- Nonstress Site

% o ¥k Input file names **kkkx*xkkkkhdhkkichkrcd ki

Site : C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1983.CLI

Plant 1 : (:\GAPS3\BR-0QAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

* kkk Kk Output flle names **********************
Summary : C:\GAPS3\1983.8SUM

Model : C:\GAPS3\1983.DET

**¥xxx Simulation procedures *kkkxkxkkkkkEdkkks

Soil temperature . : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated o

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

**¥%%x Beginning simulation year 1 *#*xskkkskxtskn

First day : 1

Lagt day : 3565

Constant

Model options: > Waterinterception _

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)

Frx**x generic crop model summary *EkxEkxkEkEkkkks

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) 1.00

Frx®E:x gummary water budget (kg/m2 or mm) *#*x=

Total Precipitation : 1783
Total Runoff : 0
Total Water Input to Surface : 1529
Total Potential ET : 1003
Total Potential Transpiration : 409
Total Actual Transpiration : 148
Total Potential Evaporation : 339
Total Actual Soil Evaporation : 324
Accumulated Deep Drainage : 1059
Initially in profile : 57
Finally in profile : 55
Change in Storage : -2

***********************************************
Ending simulation on 2/18/1997 at 23:34:29






BRF'1984- Stress Site

*&k%k*x* Tnput file namesg ***kkxdkkdkhkdhkdxkhdhhkdhdhxx

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL
Climate C:\GAPS3\BR1984.CLI
Plant 1 : C:\GAPS3\BR-OAK.PLT
Save :  C:\GAPS3\MONTHLY.SAV

**%kxk Qurput file nameg *rk sk xkkkrkkkkkkkkrkhk

Summary : C:\GAPS3\19848.S5UM
Model : C:\GAPS3\1984S.DET

kdkkkk Slmulatlon procedures khkdkdkhkhkhkrdbhhkhkhkhkthkk

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley_Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

**%%% Beginning simulation year 1 *kskkkxkkskas

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
¥*¥*%% generic crop model summary **idkEkdkrskrx
Accunmulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
*r*E*k* gummary water budget (kg/m2Z or mm) *xxxx
Total Precipitation : 1131

Total Runoff : 0

Total Water Input teo Surface : 882

Total Potential ET : 991

Total Potential Transpiration : 409

Total Actual Transpiration : 122

Total Potential Evaporation : 335

Total Actual Soil Evaporation : 281
Accumulated Deep Drainage : 431
Initially in profile : 37

Finally in profile : 35

Change in Storage : -2

***********************************************

Ending simulation on 2/18/1997 at 23:35:53



" BRF'1984- Nonstress Site

*xx** Tnput file nameg ***k*xdkkkkkhhkkhkkkk ks x*

Site :  C:\GAPS3\BRF.LOC

Soil ¢ C:\GAPS3\BR-NCSTR.S0OL

Climate : C:\GAPS3\BR1984.CLI

Plant 1 : C:\GAPS3\BR-OAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

* ke x Kk Output flle nameg **xtxdrdkhkdxhkkhkhddkrtrihkrhthxx
Summary : C:\GAPS3\1984.SUM

Model : C:\GAPS3\1984 .DET

kkkk Simu}_ation procedures kkdkhkhkhkhkhhrkdx kT xhkdd

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley _Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket})

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

****x* Beginning simulation year 1 **kx&ixkkkksxx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
»>> Crop harvested on real day 288 (= elapsed day 183)
*rx¥EE generic crop model summary *kkdkkkEkkkrkoks
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
¥rrixk gummary water budget (kg/m2 or mm) *xkxs
Total Precipitation : 1131

Total Runoff : 0

Total Water Input to Surface : 882

Total Potential ET : 851

Total Potential Transpiration 409

Total Actual Transpiration : 151

Total Potential Evaporation : 335

Total Actual Soil Evaporation 281
Accumulated Deep Drainage : 451
Initially in profile : 57

Finally in profile : 55

Change in Storage : -2

***********************************************

Ending simulation on 2/18/1997 at 23:35:19



: BRF.1985- Stress Site

*x*x%x Tnput file names **xkkkkkkkkrkdhkdkhhkhhdn

Site :  C:\GAPS3\BRF.LOC

Soil : C:\GAPS3\BR-STRES. SOL

Climate : C:\GAPS3\BR19%85.CLI

Plant 1 : C:\GAPS3\BR—OAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

4 bk ok * Output file names sdxdkdkhhkdhkhhdkhhkhddkdkLir
Summary : C:\GAPS3\19858.SUM

Model : C:\GAPS3\1985S.DET

*k% %% Simulation procedures *¥xkkkikkkkkrkkhrkhk

Soil temperature : not sgimulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water {SimpleWaterUptake)
Field hours : not simulated

*xix* Beginning simulation year 1 #*kkkkkxxkdkx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0}
>> Crop harvested on real day 288 (= elapsed day 183)
***¥%* generic crop model summary *xFkkEkxkEkxxEk*
Accumuiated top dry matter {(kg/m2) : 4.00
Accumulated root dry matter (kg/m2) : 1.00
¥rE&&*x gummary water budget (kg/m2 or mm) Fxkesx
Total Precipitation : 1086

Total Runoff : Qa

Total Water Input to Surface : 833

Total Potential ET : 1001

Total Potential Transpiration - 408

Total Actual Transpiration : 248

Total Potential Evaporation : 340

Total Actual Soil Evaporation 294
Accumulated Deep Drainage : 254
Initially in profile : 37

Finally in profile : 35

Change in Storage : -2

*******************************************‘k***
Ending simulation on 2/18/1997 at 23:37:40



BRE 1985- Nonstress Site

*kkkk Input flle namesg *+*kxfkkdkkdbkhkdr kb khtdkihd ki

Site H C:\GAPS3\BRF.LOC

Spil : C:\GAPS3\BR-NOSTR.SOL

Climate : C(C:\GAPS3\BR1985.CLI File not found
Plant 1 : C:\GAPS3\BR-0OAK.PLT File not found
Save : C:\GAPS3\MONTHLY.SAV

* k% %k Output file names *hk*kkkdkkxrxdkrhkhkdhrrdtdx

Summary : C:\GAPS3\1985.8UM
Model : C:\GAPSB\1985.DET

*hok ok ok Simulation procedures LE S L &R & Rk EE TR R R PR

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETD)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tippirng Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

***x*% Beginning simulation year 1 *%%xkxkksxkkk

First day : 1

Last day : 365

Constant

Model options: > Waterinterception .

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)

¥rx*% generic crop model summary *rxkErkEkkErkkx

Accumulated top dry matter (kg/m2) : 4.00

Accumulated root dry matter (kg/m2) : 1.00

FrE*x* summary water budget (kg/m2 or mm) **xx*

Total Precipitation 1086
Total Runoff : 0
Total Water Input to Surface : 831
Total Potential ET : 1001
Total Potential Transpiration : 408
Total Actual Transpiration : 273
Total Potential Evaporation : 340
Total Actual Soil Evaporation : 292
Accumulated Deep Drainage : 268
‘Initially in preofile : 57
Finally in profile : 55
Change in Storage : -2

Fhhkkddhhkhkdhhhdhhhhhkhhdhhkhhkdhhdhhhhhdddhhbhhbrh®®

Ending simulation on 2/18/1997 at 23:36:34



BRF, 1986- Ncnstressed Site

**&kx Trput file names *kkkxkrdkdhkdhhkkdhhhkdkdk kxx

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.SOL

Climate : C:\GAPS3\BR1986.CLI

Plant 1 :  C:\GAPS3\BR-CAK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

*k ok dk Output file nameg *kkkkhkktdbdtdhkdhkrihdbhkhkrist
Summary : C:\GAPS3\1986S.8UM

Model : C:\GAPS3\19868.DET

*¥k*%x Simulation Procedures *kxkkdhkkhkkkkdkkh k%

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated o

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

*xk%k* Beginning simulation year 1 *k*sxxkxssxxs

First day : 1

Last day : 365

Censtant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
*rxx%& generic crop model sSummary FEEkEkkkEkkk ks
Accumulated top dry matter (kg/m2) : .4.00
Accumulated root dry matter (kg/m2) : 1.00
*rxxk* summary water budget (kg/m2 or mm) *xx**
Total Precipitation : 1109

Total Runoff : 0

Total Water Input to Surface : 877

Total Potential ET : 992

Total Potential Transpiration 424

Total Actual Transpiration : 204

Total Potential Evaporation : 336

Total Actual Soil Evaporation : 305
Accumulated Deep Drainage : 370
Initially in profile : 37

Finalily in profile : 35

Change in Storage : -3

*************‘k*****************'k***************

Ending simulation on 2/18/1997 at 23:38:36



. BRF,15%86- Nonstressed Site

**xk%x% Input file Names *rk*xkkkkkkkkrkkhkxF ok x %

Site :  C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-NOSTR.SOL

Climate : C:\GAPS3\BR1586.CLI

Plant 1 : C:\GAPS3\BR-0OAK.PLT

Save : C:\GAPS3I\MONTHLY.SAV

®x ok &k Output file names P A S A,
Summary : C:\GAPS3\1586.SUM

Model : C:\GAPS3\1986 .DET

***%% Simulation procedures hhkkkkhkhkhkdhkxhhhkdx

Soil temperature : not simulated

Evapo-transpiration : Priesgtley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

**xx* Beginning simulation year 1 ***#skkxgkkxx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

»>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
*xEkx generic crop model summary *kEkkkkdkksokk*
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) : 1.00
¥ xkEx gummary water budget (kg/m2 or mm) *xxx#
Total Precipitation : 11089

Total Runoff : 0

Total Water Input to Surface : 877

Total Potential ET : 9392

Total Potential Transpiration : 424

Total Actual Transpiration : 222

Total Potential Evaporation : 336

Total Actual Soil Evaporation : 306
Accumulated Deep Drainage : 351
Initially in profile : 57

Finally in profile : 54

Change in Storage : -3

*-k'k***‘k‘k**********‘k****************************
Ending simulation on 2/18/1997 at 23:38: 7



H

BRF ,1987~ Stress Site

*x Ak Kk Input flle namesg **fkxxkxxdrhdkxkrdrhdcthkktx
Site : C:\GAPS3\BRF.LOC

Soil :  C:\GAPS3\BR-STRES.S0OL

Climate C:\GAPS3\BR1987.CLI

Plant 1 : C:\GAPS3\BR-0AK.PLT

Save :  C:\GAPS3\MONTHLY.SAV

* Kok ok Kk Output flle riames *kxkkkkdkkxkhkrtrkhrthhkhkhE otk

Summary : C:\GAPS3\1987S.5UM
Model : C:\GAP3S3\1987S.DET

* ok k% Simulation Procedures A S R R TR L R FE R T EES

Soil temperature : not simulated

Bvapo-transpiration : Priestley-Taylor (Priestley Taylior ETP)
Surface runoff : not simulated

Soil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water (SimpleWaterUptake)
Field hours : not simulated

**%*% Beginning simulation year 1 ***xxskskxskxsx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
**r¥x* generic crop model summary *kkxkkkdkkdkkx
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
*E*x*%* gummary water budget (kg/m2 or mm) #*#**
Total Precipitation : 1173

Total Runoff : 0

Total Water Input to Surface : 921

Total Potential ET : 296

Total Potential Transpiration : 407

Total Actual Transpiration : 164

Total Potential Evaporation : 338

Total Actual Soil Evaporation - 298
Accumulated Deep Drainage : 462
Initially in profile : 37

Finally in prefile : 35

Change in Storage : -3

kkkhkdkhhihdddhhhdkrhhhkhdhddhhkhthdrhhhkidthhkhkrdhddrh

Ending simulation on 2/18/1997 at 23:39:33



BRF, 1987- Nonstressed Site

* %k % & J Input file names ***kxFkrxkkkhdhhhhkhdkhhk

Site : C:\GAPSB\BRF.LOC

Soil : C:\GAPSB\BR—NOSTR.SOL

Climate : C(C:\GAPS3\BR1987.CLI

Plant 1 : C:\GAPSB\BR—OAK.PLT

Save : C:\GAPS3\MONTHLY. SAV

ik ki %k Output file names kdkhkhkkrhhh kbt dkthrhkihkd i
Summary : C:\GAPS3\1987.SUM

Model : C:\GAP83\1987.DET

%k kkk Simulation procedures khkhkdkdkhkkdkdkdhdkhhhtdx

Soil temperature : not simulated

Evapo-transpiration : Priestley-Taylor (Priestley Taylor ETP)
Surface runoff : not simulated

Scil water flow : Tipping Bucket (Tipping Bucket)

Plant water uptake : Plant-available water {(SimpleWaterUptake)
Field hours : not simulated

*rkk%k Beginning simulation year 1 *+kxkkkkxkksx

First day : 1

Last day : 365

Constant

Model options: > Waterinterception

>> Crop planted, beginning growth on real day 105 (= elapsed day 0)
>> Crop harvested on real day 288 (= elapsed day 183)
**¥x%+% generic crop model Summary FEkkEkxkkkkEx
Accumulated top dry matter (kg/m2) : 4.00
Accumulated root dry matter (kg/m2) 1.00
*¥rREEX* summary water budget (kg/m2 or mm) **E%x
Total Precipitation : 1173

Total Runoff : 0

Total Water Input to Surface : 921

Total Potential ET : 996

Total Potential Transpiration : 407

Total Actual Transpiration : 174

Total Potential Evaporation : 338

Total Actual Soil Evaporation 299
Accumulated Deep Drainage : 451
Initially in profile : 57

Finally in profile : 54

Change in Storage : -3

- ‘**‘ki‘*******************************************
Ending simulation on 2/18/1997 at 23:39: 2
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April May June July August |SeptembeOctober
1977 113.5 80 93.2 55.6 63 200.4 173.7
1978 46.7 245.9 59.4 95.5 128.8 96.3 40.6
1979: 132.1 141.28 45.2 42.4 154.9 148.1 172.2
1980: 234.12 43.89 90.64 86.4 32.94 21.48 71.36
1981 127.08 155.65 76.64 97.5 27.63 34.44 79.68
1982 127.08 155.65 160.57 80.73 118.44 37.8 20.72
1983 309.72 143.66 51.04 83.1 107.91 44.94 130.08
1984 50.28 3124 66.88 219.7 42.48 30.96 33.36
1985 50.28; 177.43 102.8 150.1 101.97 79.38 39.6
1986 | 83.88 37.95 142.48 178.1 87.3 17.52 53.04
1987/ 167.28 52.58 147.78 112.23 120.42 134.96 74.03




