


INTRODUCTION

Plant macrofossil assemblages recovered from packrat (Neotoma) middens of late
Pleistocene age from the present-day Mojave Desert of southern Nevada contain plant
species that today live at higher elevations and/or farther north than the midden collection
sites. Previous reconstructions of late Pleistocene climates from packrat midden
assemblages in this region (Spaulding, 1985) assessed the minimum climatic differences
from today by estimating the present-day climatic differences between the fossil midden
sites and the nearest current occurrences of key plant species recovered from the
Pleistocene middens. From this approach Spaulding (1985) concluded that although late
Pleistocene temperatures were considerably below those of today, only modest increases
in precipitation (relative to today) were necessary for these plant species to survive in the
current Mojave Desert during the late Pleistocene.

Spaulding’s approach provided “state-of-the-art” results from an intensive careful
examination of the best data available at the time. However, data and techniques
developed since the mid-1980s suggest that there are two possible short-comings to this
approach: 1) the use of lowest elevational and (frequently) most southerly occurrences of
key plant species results in minimal estimates of the differences between Pleistocene and
present-day climates, and 2) the instrumental climate data set available to Spaulding was
limited in duration, non-standard in its method of collection, and indicated a modern
climate wetter than the long-term historic mean, which resulted in relatively small apparent
differences between late Pleistocene and present-day mean annual precipitation levels. In
this report we use a more standard (close to the long-term mean) modern calibration
period and a modern plant distribution data set that permits us to identify modern
analogues for the Pleistocene vegetation. This reexamination permits a more robust
reconstruction of the past climate, and results in estimates of mean annual temperature for
the glacial maximum at Yucca Mountain that are 1.0° to 1.4° C warmer than those of
Spaulding, and estimates of mean annual precipitation that are 60 mm or more higher than
his.



METHODS

In this report we use present-day climatic and vegetational data from across North
America to estimate past temperature and precipitation values from plant macrofossil
assemblages preserved in ancient packrat middené from southern Nevada. Our approach
involves: 1) compiling a comprehensive list of plant macrofossil assemblages from late
Pleistocene packrat middens of the region, 2) employing a ~25 km grid of present-day
climate and plant distributions in North America (Thompson and others, 1999), and 3)
applying numerical analysis that compared the North American data with the packrat
middens to produce estimates of past climates. The following text describes each of these

aspects in greater detail.

Plant Macrofossil Assemblages from Packrat Middens.
Previous studies (e.g. Spaulding, 1985; Wigand and others, 1995) recovered

numerous packrat middens from southern Nevada dating to the most recent period of
continental glaciation during the late Pleistocene (~40,000 to 12,000 yr B.P. [~40 to 12
ka]). This report focuses on quantitative paleoclimatic interpretations of the plant
macrofossil assemblages reported by Spaulding and Wigand, with particular emphasis on
reconstructions of the climate from the last glacial maximum (LGM, ~18 ka). In addition
to this interval, we also estimated the past climates for each of four intervals of the late
Pleistocene (35 -30 ka, 27 -23 ka, 20.5 -18 ka, and 14-11.5 ka) that a panel of scientists
from the Desert Research Institute (DRI), Dames and Moore (D&M), DOE, University of
Colorado (CU) and the USGS selected as key times in the paleoclimatic history of the
Yucca Mountain region (Figure 1). These time periods were selected based on previous
paleoclimatic studies involving packrat middens, ostracodes, and other data sets that
suggested that the climatic characteristics of each period were different. Initially, the
period from 35-30 ka was thought to be the wettest interval of the late Pleistocene, and
the 20.5 to 18 ka the coldest.

Presence-absence information on all of the plant species identified from 39 packrat
middens in this region (Figure 1) were compiled by DRI and USGS researchers. The

presence-absence approach places equal weight on the occurrences of all species,



euozLy e) 0€-GE | | euozuy ey £2-12

BIuIOoJIeD BIuIoTeD

v

N N

O

.mv.m>o N epeAdN

BuOZLIY €Y 81-G°0¢ 'uOZLIYy BXG' LIVl

BIUIONTeD BIuIOoNTeD

N

BPeASN epeaAaN

‘dews yoea uo oBuewy pajy ¢ se
uMOYS SI UTRJUNOJA] 39N X JO Uonedso ay], ‘pouad swg Aq Aprys STyl us pasn (sa[0110) susppruw jernyoed jo suonedso] ‘| amBig



rather than placing more (or less) emphasis based on the apparent abundance of a given
species. This approach seems warranted, as there is no strong evidence that the
abundance of a given plant species in a packrat. midden assemblage reflects the actual
abundance on the landscape surrounding the midden.

The late Pleistocene packrat middens from the Yucca Mountain region were
collected from sites where today the plant cover is dominated by creosote bush (Larrea
divaricata) and other plants adapted to the hot and dry current Mojave Desert. In
contrast, packrat midden data indicate that during the late Pleistocene these sites hosted
plants that today grow farther north and/or at higher elevations (including limber pine
[Pinus flexilis], white fir [Abies concolor], Utah juniper [Juniperus osteospermal, big
sagebrush [Artemisia tridentata), and shadscale [Atriplex confertifolia); Figure 2).
Collectively the modern distributions of these plant species imply that the late Pleistocene
climate was cooler and wetter than that of today.

Present-Day Climate and Plant Distributions.

As part of other research (Thompson and others, 1999), we estimated the present-
day climate of North America for each of 31,363 points on a 25-km equal-area grid
covering the continent (Bartlein et al, 1994). We then digitized maps of the current
distributions (from published sources, including: Benson and Darrow, 1981; Critchfield
and Little, 1966, Little, 1971, 1976; and Yang, 1970) of more than 300 major trees and
shrubs and aligned these distributions with the 25-km grid. This procedure provides the
basis for direct comparisons between the distributions of plant species and climatic
parameters and is the foundation for the paleoclimatic reconstructions in this report. In
addition to the plant taxa presented in Thompson and others (1999), the panel of DRI,
D&M, DOE, and USGS scientists determined that additional maps (not available from
previous publications) were required for the modern ranges of twelve additional plant taxa
that were common in late Pleistocene packrat middens from the Yucca Mountain region
(Table 1). USGS and DRI personnel worked together to compile this information, and
USGS contractors digitized the maps and entered this information into the dataset for
paleoclimatic analysis.



Figure 2. The present-day distributions of four key plant species (Pinus flexilis [limber pine], Juniperus
osteosperma [Utah juniper], Abies concolor [white fir], and Atriplex confertifolia [shadscale])
recovered from late Pleistocene packrat middens in the Yucca Mountain region.

Pinus flexilis Juniperus osteosperma

Abies concolor Atriplex confertifolia




Table 1. Plant species for which maps were compiled by the USGS and/or DRI and

digitized by the USGS.

Scientific Name

Ambrosia dumosa

Atriplex canescens
Cercocarpus intricatus
Chamaebatiaria millifollium
Chrysothamnus nauseosus
Colegyne ramosissima
Ephedra nevadensis
Ephedra viridis

Fallugia paradoxa

Purshia tridentata
Symphoricarpos longiflorus
Symphoricarpos oreophilus

Common Name
white bur sage
four-wing saltbush
little-leaf mountain mahogany
fernbush

rabbit brush
blackbrush
boundary ephedra
green ephedra
Apache plume
antelope brush
snowberry
snowberry

Table 2. Present-day and Late Glacial Maximum (LGM) climatic estimates for

approximately 5000 ft (1524 m) elevation in the Yucca Mountain area (based on

plant macrofossils from packrat middens).

Annual

Temperature
PRESENT DAY
This study 13.4°C
Spaulding, 1985 13.5°C
LAST GLACIAL MAXIMUM
This study 7.9t08.5°C
Spaulding, 1985 6.5t07.5°C

Annual
Precipitation

125 mm
189 mm

266 to 321 mm
246 to 265 mm



Estimation of Climatic Parameters from Vegetation Data.

The inventory of fossil plant remains recovered from each packrat midden was
compared with the plant list from each North American grid point to identify those grid
points whose present-day vegetation is similar to the late Pleistocene vegetation found in
the packrat midden (these modern sites are hereafter referred to as “analogues” for the
Pleistocene packrat middens). The modern temperature and precipitation values at the
analogue sites provide estimates for past climates in the region surrounding Yucca
Mountain. We used the latter information to identify climatic patterns for selected past
time periods by mapping the paleoclimatic estimates from multiple packrat midden fossil
localities, and by plotting them against the geographic locations and elevations of the
packrat midden sample sites. Climatic values for the late Pleistocene of Yucca Mountain
were estimated by using the climate-elevation relations derived from this approach.

Modern analogue techniques, methods that identify sites where plants found in
fossil assemblages are living today, are widely used to reconstruct past climates in eastern
North America and Europe (for examples, see Overpeck and others, 1985 and Guiot,
1990). The fossil and the gridded modern vegetation data in this study are both presence-
absence data. In order to obtain a measure of similarity between modern and fossil
presence-absence data, we used the binary Jaccard matching coefficient (Jaccard, 1908;
Schweitzer, 1994) to compare each packrat midden plant assemblage with each gridpoint
within the modern data set. The Jaccard coefficient provides a measure of how similar
each modern gridpoint assemblage is to the fossil assemblage, with a value 0of 0.0
indicating no shared species between the modern and fossil assemblages and a value 1.0
indicating that the two assemblages have exactly the same list of species.

The Jaccard matching coefficient identifies modern sites that have vegetation that
resembles (to varying degrees as measured by this coefficient) the Pleistocene vegetation
recorded in the packrat midden samples. Some of these potential analogues may include
some of the taxa in the fossil assemblage, whereas other potential analogues may lack
these but include other taxa present in the fossil assemblage. To provide paleoclimatic
estimates from fossil plant assemblages under these circumstances, we used weighted

averages of climatic parameters from a large number of possible analogues for each fossil



sample. To accomplish this, we had to make three decisions: 1) what is the threshold
value for the Jaccard coefficient below which we do not consider the modern vegetation
analogue to be similar enough to the fossil vegetation to be included in the analysis? 2)
how many possible analogues above a threshold value should be included in each
paleoclimatic estimate?, and 3) how should we weight the climatic information from each
analogue so that the information from the least similar modern samples (in comparison
with the fossil assemblage under consideration) does not overshadow the information from
the most similar modern samples? There are no firm guidelines for any of these questions,
so we experimented with different values for each of these three parameters and then
objectively judged the results by comparing climates at a suite of modern gridpoints with
those estimated by our method (see below).

Based on our experiments, we discarded potential modern analogues with Jaccard
coefficients less than 0.3, and then selected the 200 analogues with the highest Jaccard
coefficients above that value (if there were fewer than 200 analogues above that value, we
used all of them). As higher Jaccard coefficients imply greater similarity between the
modern and fossil vegetation than do low coefficients, we weighted the climatic data from
the analogues by the ratio of the cubes of their Jaccard coefficients. Hence the climatic
data from a modern sample with a Jaccard coefficient of 0.9 would be weighted
approximately six times the data from a sample with a coefficient of 0.5 (0.9’ = 0.73; 0.5
=0.13; 0.73/0.13 = 5.62). This ensures that the modern sites with the greatest similarity
contribute the most information to a given paleoclimatic estimate, while also allowing a
broad examination of the potential climates that could account for the fossil vegetation.

We used the method described above with the present-day vegetation to estimate the
modern climate at each of 80 grid points from the western interior of the United States
where weather stations occur near the grid points (Figure 3). Regression analysis of the
observed versus estimated January, July, and annual temperature at the grid points yielded
r* values of 0.84 to 0.91 for temperature, indicating that, at least in the present-day
situation, this method provides very reliable estimates of temperature. The comparisons of
observed and estimated modern January, July, and annual precipitation provided r* values

of 0.70 to 0.79 for precipitation and 0.71 to 0.80 for the log of precipitation. This



Figure 3. Comparison of observed (x-axis) and estimated (y-axis) present-day climate
normals for January and July temperature and precipitation based on the gridded
vegetation at 80 grid points in the interior of the westem United States (1* values in
parentheses indicate the comparison between observed climate at weather stations
near the grid points and the predicted value for the grid points).
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indicates that our method produces somewhat less robust, but still acceptable, estimates of

precipitation.

ANALOGUE-BASED PALEOCLIMATIC RECONSTRUCTIONS

Modern Analogues for Pleistocene Vegetation and Climatic Differences from Today.

Using the method described above, the fossil data from packrat middens were
compared to our North American grid to locate the best modern analogues for the late
Pleistocene vegetation. Figure 4 provides an example of the geographic and climatic
spread of the modern analogues (before averaging) for a 13,740 yr B.P. packrat midden
from southern Nevada.. As seen in this figure, most of the modern analogues for this
sample (and for other late Pleistocene middens from the Yucca Mountain region) lie in the
steppe and woodland regions of the central Great Basin, and to a lesser extent, the
Colorado Plateau. The climates of these analogue sites are cooler and wetter than the
modern climates at this fossil-midden site (and at other midden sites).

We estimated the modern temperature and precipitation at each packrat midden site
using the same techniques we used to assign climatic values to our North American grid
points (Thompson and others, 1999). "Anomalies" for each climatic parameter at each
site were then calculated by taking the difference between the estimated modern climatic

parameters at the packrat collection site and the late Pleistocene estimates.
RECONSTRUCTION OF LATE PLEISTOCENE CLIMATES

Reconstructed Climates Through Time. The proposed site of the nuclear waste
repository at approximately 5000 ft (1524 m) elevation at Yucca Mountain was apparently
at or near the lower elevational limits of Pinus flexilis (Figure 5), indicating that relatively
moist forest environments did not extend below this elevation during the last ~40,000
years. However, climate did vary through the late Pleistocene, and to quantify these
changes we analyzed suites of packrat midden assemblages grouped by the

10
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time periods selected by the advisory panel (discussed above). Comparisons between time
periods may be misleading, as the number of samples and the elevational range vary
greatly between periods. Setting aside these potential problems, the analogue-based
reconstructions suggest that the paleoclimate from 35 to 30 ka was approximately 4° C
colder than today in the Yucca Mountain region, and mean annual precipitation was one
and one-half times greater than today (Figure 6). The climate apparently cooled and
became wetter through 27 to 23 ka, culminating in the coldest period during the late
Wisconsin during the Last Glacial Maximum (LGM; 20.5 to 18 ka). Climatic conditions
warmed somewhat by 14 to 11.5 ka, which was the period of the highest level of
reconstructed precipitation during the late Pleistocene. In the following text we
concentrate on reconstructions of the LGM (Table 2) when the estimated climate was the
coldest and mean annual precipitation was significantly greater than that of the present-
day.

Reconstructed Climates Versus Elevation. Maps of the reconstructed climate reveal
differences in the size of the anomalies (difference between modern and reconstructed past
climate parameters) within short distances, apparently due to the influence of the high
physiographic relief of southern Nevada. For the LGM, there are very strong relationships
between elevation and the amplitude of the temperature difference from today (1 = 0.97
for January, 0.96 for July, and 0.98 for annual temperature). There are weaker, but still
strong relations for precipitation anomalies versus elevation (r* = 0.51 for January, 0.82
for July, and 0.88 for annual precipitation) for the late glacial period (14 to 11.5 ka).
These paleoclimatic reconstructions imply that during the late Pleistocene the gradients of
decreasing temperature and increasing precipitation with rising elevation were more
gradual than those of today in southern Nevada. Subsequent analyses of packrat midden
assemblages from farther south in the Mojave Desert to as far north as the Bonneville
basin indicate that these apparent shallower-than-modern relations between increasing
elevation with decreasing temperature and increasing precipitation occurred during the
LGM throughout this region.

Compilations of paleoclimatic proxy data and numerical model simulations of past

14



climates (Thompson and others, 1993) both provide support for the hypothesis that the
westerlies were displaced southward from their modern position into the southwestern
United States during the late Pleistocene. The persistence through the year of a strong
pole-to-equator temperature gradient at that time also caused the westerlies to be much
stronger during the summer season than they are today. These factors would have led to
more frequent cyclonic storms in the Yucca Mountain region throughout the year,
enhanced cloudiness, and a replacement of convective precipitation regime by frontal
storms that provide precipitation across the elevational range. This change in storm
patterns would have reduced the rate of change (relative to today) of decreasing
temperature with rising elevation and the generally wetter climate would also lower the

temperature lapse rate.

Paleoclimatic Inferences from Missing Plant Species During the Late Pleistocene. As
discussed above, the late Pleistocene occurrences of limber pine (Pinus flexilis), Utah
Jjuniper (Juniperus osteosperma), and other montane and steppe plants in modern desert
environments suggest cooler than modern temperatures, and greater moisture availability
than today (Spaulding, 1985). Spruce (Picea engelmannii, P. pungens), lodgepole pine
(Pinus contorta), subalpine fir (Abies lasiocarpa), prostrate juniper (Juniperus communis)
and other boreal plants have not been found in packrat middens in southern Nevada,
suggesting that the late Pleistocene climate was not cold or wet enough for these boreal
plants. On the other hand, Pleistocene-age middens from the Yucca Mountain area lack
evidence of ponderosa pine (Pinus ponderosa), Douglas-fir (Pseudotsuga menziesii), and
other montane trees that live today in the mountains of southern Nevada. Their absence,
and the rarity of single-needle pinyon pine (Pinus monophylla), may suggest that
Pleistocene climates were too cold for those plants. Similarly, the absence of the now
widespread creosote bush (Larrea divaricata) suggests that late Pleistocene temperatures
were much colder than those of today (Spaulding, 1985). In this section we address the
question: do our paleoclimatic estimates (if correct) provide an adequate explanation for
the absence of these forest and desert plants?

The présent-day climatic and plant distributional data in Thompson and others
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(1999) provide the basis for examining the apparent climatic meaning of the late
Pleistocene absences of key plant species in the Yucca Mountain Region. As illustrated in
Figure 7, our reconstructed LGM January temperatures were apparently too cold for the
survival of Larrea divaricata (in accordance with Spaulding’s [1985] interpretation) or
Juniperus californica. Conversely, winter temperatures were apparently too warm for
Picea pungens, Picea engelmannii, Abies lasiocarpa, Juniperus communis, and Pinus
Slexilis (which, as illustrated in Figure 5, was apparently near its lower elevational limits
here during the LGM). The subsequent figures provide similar iltustrations of the
reconstructed climates compared with the apparent tolerances of these species in respect
to July and annual temperature (Figures 8 and 9), and to January, July, and annual
precipitation (Figures 10 to 12). These figures collectively indicate that many of the
‘absent’ taxa presently live under climatic conditions that differ in at least one aspect of
seasonal or annual temperature or precipitation from the analogue-based reconstruction of
the LGM climate.

Table 3 summarizes the overall patterns observed in these figures, and as seen
here, both temperature and precipitation were important in excluding many of these taxa.
However, the reasons for the exclusions of Pinus edulis, Pinus longaeva, and Pinus
monophylla are unclear. On the other hand, all three of these species lived in or near
southern Nevada during parts of the late Pleistocene, so it is not surprising that the
reconstructed climates would apparently permit their growth near Yucca Mountain.

EVALUATION OF CLIMATIC ANOMALIES FOR THE LGM

As discussed above, Spaulding (1985) estimated climatic anomalies for the late
Pleistocene based on the present-day southern-most and/or lowest elevational occurrences
of key plant species that were recovered from packrat middens in the Yucca Mountain
region. Tables 2 and 4 illustrate the differences between Spaulding’s and our
paleoclimatic reconstructions for the LGM (interpolated to the 5000 ft [1524 m] elevation
of the proposed repository). Although our results indicate somewhat warmer and wetter

conditions than Spaulding’s, the absolute differences between the two approaches are not

16



Gge-
IOMI
g - gZ-
'm-
S
“ - 0¢-
3 |3
w -, fa
3 |3 5
S I 1v w & i
>4 ~. m. -0 o
" SIE|s 2§ 8 p
o~ JV S 2 ” [~ 5 H y i (]
g |13 TSR [ |R |8 2 |€ |8 o0 3
32 SRR £ 0515 g
2R =ls 15| |8 a5 |5 |2 |f 2 ¢ £
- S > o~ R o} B2 c
vl n ’ " -
SIELCE) S ®
=~ o 3 X 8 @ QU v(m/.ul m [~ -
g |& I8 O] < B R EERERE |
;1§ B s I3 1§ |5 |F[8]8 |8 o 0o O
S 2. R IS IS =
3 .Uv . = [« x
a8 ) ~ = & =,
1Sy .DH 1Y .m m:
13 [°
o =Y
8 |a
S | [ o
lE
5 13
Sl
0c

ainjesadwa | Aienuer

‘sisA[eue on3o[eue wISpOU SY) WOL WNWIXEJA [eIoR]D) ISe] aYy) J0j sajew)sa onewipooared

Jo a8ue1 ayj syussaidal pueq Aeid oy ‘(Azonsodai pasodoid oy} Jo uoneAd[d Sy B SHUWI] ISIMO] §)1 Jeau 10 je Apjuaredde sem sijixayf snurg

ySnoyie) uoiSo1 ure)unop BoON L Y} Ul sofe[quuasse uoppiwl S[dnjnu w0y paIsA09al usaq dAey JYSu ay uo saroads oy “(eare yein

UIOISOMYINOS/ BPRASN UISYINOS/RILIOJI[E)) UISISLaYINos Jopeoiq oY) Ul PoISA0ISI UG IARY PUR 11S21ZUdt DINSIOPNasy PUe ‘vaav3uo) snuig

‘vjjAydouow snuig ‘wnaopndods sniadiun, y3noyife) uoi3al UrBIUNOA BOON A ) woy sofejquiosse uappiw jenjoed auadoisiajd ie[ ul oo

10U Op Jey} sa10ads are PYor sy} uo saads L[ oyl (6661 ‘S1oyio pue uosdwoy | woIy syWI] [BUOIINGLISIP %06 O3 %01 Y} e B)ep) BOLIOWY
YUON UI9)Som wolj s3109ds qnuys pue o0 Pa3os[as Jo uonnquysip ayj pue samjeraduis) Arenuef Uesuw Uoam)aq saouapuodsaliod Aep-jussalg *f amSig

17



western North America (see caption for Figure 7 for a more complete explanation).

July Temperature
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Figure 9. Present-day correspondences between mean annual temperature and the distribution of selected tree and shrub

species from western North America (see caption for Figure 7 for a more complete explanation).
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Figure 10. Present-day correspondences between mean January precipitation and the distribution of selected tree and shrub species

from western North America (see caption for Figure 7 for a more complete explanation).
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western North America (see caption for Figure 7 for a more complete explanation).

July Precipitation
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Figure 11. Present-day corréspondences between mean July precipitation and the distribution of selected tree and shrub species from
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Figure 12. Present-day correspondences between mean annual precipitation and the distribution of

selected tree and shrub species from western North America (see caption for Figure 7 for a

more complete explanation).

itation

Annual Prec

ipi

10j00UCO SeIqY

siIxey snuld

BJejuepl} e.lsew

suejsueuew ebns|

BjjAydousiey Bbns )

81i0ju0d shuld

nseizuew ebnsjopnesd

soyubew seiqy

syneaiqe snuld

edioolse| seIqy

lnuuewjebue Bo2id

esoJspuod snuld

siunwwos sniedun

egAegbuo| spuld

#

BO)WO))IRD sn.l;g hunp
gjjAydouo gsnu_id

spe shulg
]

e;asyemp%geue-/

3000

2500 1

1000
500 }

$
o
o
wn

-~

2000 4

(wuw) uonejdioaid jenuuy

22

o



Table 3. Climatic factors that may have excluded selected taxa from the Yucca Mountain region during the

late Pleistocene.

TEMPERATURE PRECIPITATION
January July Annual | January July Annual
*Abies concolor D
Abies lasiocarpa H H H D D
bies magnifica D D
Juniperus californica C M C M W
Juniperus communis H H H D M
Juniperus scopulorum M M
arrea divaricata C C C
icea engelmannii H H H D M D
icea pungens H H H D D
inus albicaulis H H H D M D
inus contorta H H D D
inus edulis
*Pinus flexilis H H H D
“Pinus longaeva
*Pinus monophylla
finus ponderosa D
*Pseudotsuga menziesii M D
Tsuga heterophylla H D D
Tsuga mertensiana H M D D D
KEY:
H = too hot for species, C = too cold, D = marginal, W = too wet, M = marginal
* = present near Yucca Mountain during part of the late Pleistocene
~ = present regionally during the late Pleistocene
TEMPERATURE PRECIPITATION
January July Annual | January July Annual
[Reason for exclusion:
too warm or dry 6 10 8 6 1
too cold or wet 2 2 1

Wlants for whom reason of exclusion unclear: Pinus edulis, Pinus longaeva, Pinus monophylla
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great for either mean annual temperature (6.5° C versus 7.5 © C) nor for mean annual
precipitation (246 — 265 mm versus 266 — 321 mm). As discussed in greater detail below,
the differences between these estimates are substantially less than the variability observed

during the historic period.

Importance of Historical Climatic Baseline Data. Although the absolute differences
between our estimates and those of Spaulding (1985) are small, the calculated anomalies
for precipitation are large. As shown in Table 4, Spaulding’s anomalies for LGM mean
annual precipitation (based on Beatly’s historic climate data) are 57 to 76 mm, which
indicates precipitation at levels 1.3 to 1.4 times historic values. In contrast, our LGM
mean annual precipitation anomalies (based on our historic climate normals) are 141 to
196 mm, which implies LGM precipitation at levels 2.1 to 2.6 times historic values. These
comparisons point out the importance of the modern climatic baseline data in the
assessment of the differences between present-day and late Pleistocene climates. As
discussed above, our baseline is based on the climate “normals” for the period 1951 to
1980, with the great majority of our data obtained from U.S. Weather Service calculations
of these “normal” values. Thus these data provide a baseline that is continental in scale,
that is based on three decades of records, and that conforms to the U.S. Weather Service
standards. However, this data set does not provide detailed coverage in proximity to
Yucca Mountain. In contrast, Spaulding (1985) employed a modern baseline derived from
data on the Nevada Test Site collected by Beatly (1975, 1976) for the period 1963 to
1972. This dataset provides more local data, but was collected with non-standard
methods (which may over-estimate precipitation) for only a decade.

For the analyses in this report we interpolated the modern climate estimates to the
elevation of the proposed repository at 5000 ft (1524 m). Although the two data sets
have very similar mean annual temperature estimates for tlﬁs elevation (Tables 2 and 4)
Spaulding’s estimates of modern mean annual precipitation are significantly higher than
ours. The National Oceanic and Atmospheric Administration (NOAA) provides historic
climatic data by divisions within each state (NCDC, 1994; Karl and others, 1986), and
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" (unfortunately) Yucca Mountain is located on the boundary between Nevada Divisions 3
and 4. These data indicate that annual temperature varied relatively little between 1950
and 1972 (the combined period of the Spaulding and our baseline data; Figure 13).
However, precipitation increased almost monotonically over this interval, with the result
that our baseline (1951 to 1980) for annual precipitation falls near the long-term historic
mean, whereas that employed by Spaulding (1963 to 1972) covers a much wetter period
(and, in addition, Beatly’s measurements may overestimate precipitation, Figure 14). The
differences in precipitation estimates in the modern baselines employed by Spaulding
(1985) and in this report greatly influence the calculated anomalies for the LGM (Table 4).
In fact, the differences in these anomalies is influenced more by the differences in the
modern baseline data than by differences in the estimation of late Pleistocene climates

(Figure 15).

Comparison of Reconstructed LGM Climates With Historical Climatic Variations.
As discussed above, Yucca Mountain is located on the boundary between NOAA Nevada
Climatic Divisions 3 and 4. Over the past century, historic variations in precipitation in
both of these divisions have reached levels (on an annual basis) as high as those
reconstructed for the LGM (Figure 16). However, temperatures have remained above the
LGM estimates throughout the historic period, although rare years in Nevada Division 3
have approached the mean annual temperature reconstruction for the LGM at Yucca
Mountain (Figure 16). These individual years are labeled on the scatterplot on Figure 17,
where it can be seen that in many years between 1897 and 1917 in Nevada Division 3 the
annual temperatures approached the mean annual temperatures reconstructed for Yucca
Mountain for the LGM.V Several of those years (particularly 1901, 1904, 1905, 1906, and
1913) also had precipitation levels comparable to those reconstructed for the LGM.
These years include both El Nifio and La Niiia years (Cayan and Webb, 1992), although
the amplitude of the difference between these patterns was apparently smaller than in
recent years. The first ~15 years of this century are estimated to have been among the
coldest and wettest of the last 400 years in the Intermountain basins and Southwest

Deserts (Fritts and Shao, 1992, p. 279-280), although precipitation levels of similar
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