
A 360 YEAR TEMPERATURE AND 
PRECIPITATION RECORD FOR 
THE PASCO BASIN DERIVED 
FROM TREE-RING DATA 

J. P. Cropper 
H. C. Fritts 

Laboratory of Tree-Ring Research 
University of Arizona 
Tuscan, Arizona 

M. G. Foley, PNL Project Manager 

August 1986 

Prepared by the Laboratory of 
Tree-Ring Research, University of Arizona 
for Pacific Northwest Laboratory 
under Contract DE-AC06-76RLO 1830 
with the U.S. Department of Energy 
Contract No. B-G5323-A-E 

Pacific Northwest Laboratory 
Richland, Washington 99352 

;) ;J l - 5 :) {. 
I/ 

DOE/RL/01830--T46 
UC-70 



FOREWORD 

This report was written by John P. Cropper and Harold C. Fritts of the 

University of Arizona in November 19B4, and it was revised in January 1985. 

The report is now being pub 1 i shed at the request of the Basalt Waste I solation 

Project to make available to the public background information that is refer

enced in their Environmental Assessment. New data or changes of interpretation 

since January 1985 are not reflected in this report. 

M. G. Foley 
PNL Project Manager 
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A 360 YEAR TEMPERATURE AND PRECIPITATION RECORD 
FOR THE PASCO BASIN DERI'JED FROM TREE-RING DATA 

ABSTRACT 

Oendrocl im.-.tclogy, the study of past climatic: variations 

by means o~ tree-ring an•lysis, is used to produce estimates of 

seasonal and annual temperature and precipitation from the 17th 

through 20th centuries. In thi• study these estimates, 

reconstructions, are derived in five different ways for reg1ons 

that each include the Pasco Basin of south central Washington. 

The best of five s•ts of results were selected, based on the 

verification of the reconstructions with independent ins~rumental 

data. 

The highest Quality reconstructions were determined by 

evaluating primarily their verification stati§tics. They were a 

subset of 77 temperature and 96 preeipitation reeonstructl•:tns 

derived from a network of 65 tree-ring chronologies from western 

North America, reconstructions which had been obtained in an 

earlier research effort <Fritts, Lofgren and Gordon, 1979). The 

explained variance due to calibration averaged 0.309 for seasonal 

data and 0.333 for annual data. The verification results show 

that 40~ of tha statistics appli~d to seasonal and annual data 

p•ssed the signi~icanee tests. Three new sets •::.f roaeonstr'.tct ions 

were obtained 1.1sing a l"l&!W set ·~f 10 chron•jl•:ogies located near the 
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Pasco Basin and the ~eeonst~uctions f~om the best of these passed 

only 21~ of the ve~ification tests. 

The recol"''st~t.tcted al"''nual temperature of the Pasco Basin 

fo~ the last th~ee centr.tries was 01"1 the ave~age 0.17 degrees 

Fahrenheit higher and had a standard deviation which was 4~ 

l.a~ger than for the Z0th century. The greatest reconstructed 

difference in tha average temperature was in winter and the 

greatest reconstructed difference in the variance (standard 

deviation) w•s reconstructed in autumn. The average annual 

precipitation reconstructed fo~ 1602-1900 was 0.32 inches high&r 

than it has been in tha 20th century. The change in average and 

standard deviation of reconstructed precipitation was greatest in 

autumn. Both the s•asonal and annual reconstructions for 

t•mperature and p~ecipitation exhibit large and persistent 

variations from the mean which are often most pronounced in the 

17th century. Droughts were more common starting with the last 

half of the 17th century, with values that sometimes exceeded the 

a0th-century maximum amounts and duration. While there are some 

similarities among the four seasons and two variables, 

di~~erencas between the season•! reeonst~uctions exist. 
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I NTROOUCTI ON 

Dna important aspect in selecting a site f~~ the 

long-term underground storage of nuclear waste is to evaluate the 

long-term climatic variability in the region. Meteol"'"ological 

records are short compared to the anticipated duration of the 

cont.ail"lment ~riod of some 10,000 years. Thus, tMe lol"''gest 

possible record of climate is needed in order to obtain a 

realistic measure of the true climatic variability for the Pasco 

Basin of south central Washington. Proxy records, substit•.Ltes for 

climatic data such as tree rings or palynological evidence, can 

b• used to extend th• instrumental data backward in time CB-.rry 

et al., 197'3>, although the extended portiol"' of the r"ecord can 

never be as accurate aS an instrumental reeord. Nevertl"leless, 

the lengthened record c:an provide new data on past climatic 

variations, th1.1.5 allowing tl"le relatively short 20th-century 

record of clim.ate to be placed in tne perspective of longer tir11e 

periods. 

This study represents an ap!=llication of 

dendroclimatology, a discipline which us•s the annual growth 

layers of' tree rings to study past climate .. The purpose of the 

study is to extend our knowledge of past climate conditions for 

the Pasco Basin as far back in time as allowed by the ages of 

climate-sensitive trees. The general methodolr::.gies presented 



below, are described in greater detail &lsewhere <Fritts, 1'376; 

Fritts, Lofgr•en, and Gordon, 1979). 

This application o~ dendroclimatology to the Pasco Ba~in 

problem involves !>selecting and analyzing those tree rings that 

will sarve as the best proKias of clim~tic vari~tions, 

a>transforming the$& into homogeneous time series 

represented by the indices o~ ~ site chronology, 3)c~librating 

the tree-ring indices with available meteorological measurements 

•nd 4) varifying the reconstructed information with meterological 

records independent of those records used for the calibration 

l=l&riod. 

TREE RINGS AS ~ROXIES OF CLIMATIC VARIATIONS 

Temper~te-climate trees norm•lly produce one layer or 

growth ring for each year. The size, structure, and chemical 

composition of these rings can provide climatic information only 

whan some of th• tree-growth variation has been limited by one or 

more factors of climate occurring during part of the year 

<Fritts, 1976; LaMarche, 1974, 1978; Stockton and Meko, 197:!i>. 

It is the JOb of a skilled dendroclimatologist to 

recognize and select trees with potential climatic information 

Cased upon the str,.acture •:rf the tree crown and tr,Jnk. and fr·~rn the 



appearance of the rings. The rings of the selected trees are 

usually sampled by means of a coring tool which extracts a 

soda-straw-sized (4mm) cylinder of wood from the trunk at ab·~ut 

breast height. A com~lete sample often includes cores from 10 to 

25 climate-stressed trees growing on similar sites in a local 

area. The number of trees that are re~uired to make up a 

sufficient sample depends to a large degree on the severity of 

the limiting factors, the more severe the factors the fewer corvs 

that are required for a relatively reliable site chronology 

<Fritts, 1976; Cropper, 1982; DeWitt and Ames, 197S). The cores 

are processed to determine the width and detailed structure of 

the annual growth layers. The potential presence of growth 

anomalies caused by non-climatic factors (insects, fir• or man) 

requires that the rings be carefully examined and screened for 

such problems before they are dated, measured and compiled into a 

site chronology. 

The procedure of assigning a calendar date to each ring 

within a core is made di-Fficult by the occasional occtJrrence of a 

limiting factor so severe that no growth increment is formed for 

that yeilr at a particular location <locally absent or missirtg 

ring> or that the growth 

form in a year (false ring). 

is int~rrupted causing tw•:=~ layers to 

Only by matching the patterns of 

~ide and narrow rings from a representative sample of many trees 

<crossdating) can dates be assigned to such materials with any 

degree of confidence <Fritts, 1976; Baillie, 1'382). T!;e prQc:edl.tre 
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o'f crossd•ting is one of the most important aspects of 

dendroclimatology, as all subsequent analyses depend upon the 

quality of this aspect of the work. In recent years computer 

tools have been u~ilized to aid thi5 whole process 

1'379; Robinson and Evans, 1SS0; Holmes, 1983). 

(Cropper, 

Once reliabl• dates have been assigned by crossdating, 

and poor qu4tlity specimens are identiTied and either corrected or 

discarded, the ring-width data from the individual core samples 

Standardization removes the well-rec.-:.gnized 

non-climatic phenomenon of decreasing ring-width with increasing 

age and changing status of the tree within the stand over time 

<Fritts, 1'376, 1983; Kickert at al.,19S3>. It also makes the 

ring width variance homogeneous over time. negative 

exponential, or polynomial curv• or regression line is fitted to 

tne tree ring width dat.a "" a function of' time. Tne ring width 

f'or each year is divided by tne valu• of' the eurve f'or that year 

to form an index of' ring-widtM growth (Fritts, 1363). These 

standardized values are then arithmetically averaged fot" each 

year with the indice~ from other trees at the same site to obtain 

the m•an yearly vialu&!s making '.LP the chronology of the site 

<Fritts, 1976; LaMarche, 1974; Stockton and Meko, 

values are then used as pradictor9 o~ climate. 

1975). These 

More than a thousand chronologies have been developed 

from North American conifers. A network •:tf 65 high-quality 

chr•"nologies were selected from these chron•:tlogies in 1975 
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<Fritts ilnd Shatz, 197'5)' <See Figure 1>. This set of 6~ 

chronologies hils been the subJect of extensive analysis <Fritts 

end Shat :, 1975; Fritts, Lofgen and Gordon 1979; Cropper and 

Fritts, 1982>. Each of these chronologies covering the time 

period 1600 to 1963 represents a sample of two cores from 10 or 

more trees, of one of the Douglas-fir 
. 

CPseudctsuga manziesi i), bigcone-"Spruce ( P. macrocarpa) , 

ponderosa pine <Pinus I=!Onderosa>, pinyon 1=1ine <P. edulis>, limber 

pin• <P. flexilisJ, bristlecone pine <P. longaeva>, J•ffrey pine 

CP. J&ffreyil, and white fir <Abies coneolor>. 

and ponderosa pine was laul"'ched in the Washington and norther·n 

Oregon region by L. B. Brubaker and L. 6rauml ich of the 

University of Washington, Seattle and Terry Ma:any, of the 

University of Arizona. As a result, a new set of chronologies 

have become available from sites closer to the Pasco Basin 

<Figure 2> than those used in the 55-chronology grid CFigure 1). 

There were a sufficient number of new chronologies to bring the 

reconstructions up to 197S, but they extend back only to 1640. 
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CALIBR~TION 

The relationship between climate and tree growth is 

highly CCMI=)l'IPX. Many of the details are poorly understood. It 

is Known that tr .. growth is a~fected by many factors and that as 

these factors vary in intensity and 

widths vary .accordingly <Fritts, 1974; 1976). Trees of different 

sl=)ecias or those on different sitRs often respond differently to 

the s.ame macroclimatic factors. In North American conifers the 

growth layer is formed in the Sl=)ring and summer seasons and may 

be directly affected by climate during that time. During autumn 

and winter, climatic: factors h.ave important effects on soil 

moisture, ~il temperature, production and stora.ge of food in the 

tree, and root growth. In addition there may be a variety of 

carry over effects in succeeding years. For example the amount 

of food stored in one year is somewhat related to the formation 

of leaves in the next year. ThiS in turn aft"ects the 

food-production efficiency in the next year which then influences 

processas affacting ring width. In species that hold their 

needles for a number of years <e. g. 15 years for bristlecone 

pine> the interrelation b•tween tne growth of different years can 

be spread over ~ long period of tim•~ These biological features 

produ~e autocorrelation in the chronologies where narrow rings 

tend to be followed by narrow rings and wide rings followed by 

wide rings, even though there was a ~hange in climate fro;:.m the 
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fir"st to the second year. All of these interr"elationships should 

be considered when climatic information for" a particular year is 

e~tracted fl""om tree-ring chronology set. 

As a means of deciphering the complexities of the 

climate-growth l""elationship, multival""iate l""egression techniques 

are •mployed to obtain estimates of climatic pal""ameters. This 

In •ssence, 

measurements al""• comp•l""ed to climatic observations, 

ring-widtM 

and fi""QM 

th•s• comp&l""isons, multival""iate coefficients al""e obtained. The 

pl""oducts of the coefficients and ring widtMs are then summed to 

produce the estimate of the climatic parameter. TMe resulting 

be applied to ring-width 

m•asurement variation for past years to reconstr•.act the climatic 

variations associated with the observed patterns in gl""owth 

CBlasing, 1'978; Fritts, 1'376; Fritts, Lofgren, and Gordon, 197'3>. 

VERIFICATION 

Independent climatic information ( i n'format ion not 

included in tha calibration procedure) is used for verification. 

This information usually consists of meteorological measurements, 

but independent prCJ~Y data including tree-ring chronologies and 

vario•.as types of historical evidence can also provide a type of 

verification. its strengths and 
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weaknesses, and all three can be used to verify different 

features of the rec:onstr•.act ions (Gordon, 1'382:>. 

Verification with independent meteorological measurements 

is the most obJective and precise method available for testing 

reeonstruction reliability, and for that reason it has the 

scientific <Gordon, 1982). Independent 

directly with the 

reconstructions on a station-by-station basis and the similarity 

b•tween the two s•ts o~ data •re measured with five obJective 

statistics that are tested 

at the 95% confidence 

for significance from random results 

level. These statistics are (1) 

correlation coefficient, correlation coefficient 

differences, (3> sign agreement of departures from the mean, (4) 

sign agreement of first differences and, <!5> prod•.act means test 

<Fritts, 1975). It should be noted, however, that these five 

statistics measure only the similarity in the temporal patterns 

of variation and do not taka into account the magnitude of some 

A sixth statistic, the reduction of error 

<Lorenz, 1956; Fritts, 1976)' reflects the magnitude of the 

errors or di-Fferences between the astim<il.tes and the act1.1al 

A value gre~t•r than zero indicates that the 

reconstructions contain some information on climate. 

The statistics from the independent period are us•.aally 

lower (and less often significant) than th•::ose for the calibration 

period. This is undoubtedly the result of overspecificat1on in 
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the calib~ation pe~iod, but othe~ sources o~ error also exist. 

One such source could be the existence of errors in the 

meteorological data used fo~ ve~ification. These errors can 

result from differences in the tim• of day ~f observation, the 

instruments used fo~ measurement, the location of instruments 

<a. g. nor'thf'acing vs. southf~cing> and a general lack of' quality 

control <Kannedy and Gor'don, 1980>. 

checking of' all meteorological data used to calibr'ate the 6~ 

western tree-ring chr'onology gr'id was made by DeWitt <197S>, but 

adequate r'ecords, time, or resources were not available to review 

the nineteenth-century data used for the independent set. 

Therefore, errors are likely to be pr'esent in these early data. 

Soma ~ailuras of' independent verification tests might .be 

attributed to the~ types of errors as wall as to unreliability 

in the climatic ~econstructions derived from the 65-ch~onology 

.an«.lysis. 

STRATEGY FOR SELECTING THE BEST RECONSTRUCTIONS 

A number of dif~erent sets of ~econstrr.tctions we~e 

produced for temperature and precipitation in the vicinity of the 

Pasco Basin, Washington. Fou~ sets were regionally averaged 

climatic estimates deriv•d from the 65-chronology grid. 

four, two were associated with reconstructions made at 
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numbe~ of climatic stations throughout the enti~e u. S. and 

southweste~n Canada <la~ge g~id). The othe~ two were associated 

w1th ~eeonstruetions at a smalle~ set of climatic stations 

confined to the No~th American Wfst <the small grid) • Th~ee 

additional reeonst~uctions wer• obtained in this particula~ study 

using th• best 10 ~eeently developed eh~onologies in the general 

locality of the ~aseo Basin. 

<a> Reconstructions for the Columbia Basin from the 

65-chronology grid 

The data used for the first four sets qf reconstructions 

The set of 65 wester~ 

t~ee-ring eh~onologies <Figure 1 > was calibrated with two 

el im.;at ie variables for four seasons and over two grids. The 

i ) 77 temperature stations and ii) 96 

precipitation stations in the United States and southwestern 

Canada. Seasonal temperature (averages) and seasonal 

precipitation (totals> were generated by combining the monthly 

data as follows: winter, December-February; spring, Mareh-.]une; 

summer, July-August; and autumn, September-November. The data for 

1901-1963 were used for calibratio~. All data prior to 1901 were 

used for verification. Data after 1963 COl.ll d not be used because 

some of the selected chronologies did not extend beyond tMis 

date. 
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The la~ga numbe~ of va~iables in both the p~edicto~ and 

predictand sets was ~educed by calculating the eigenvecto~s and 

using the fi~st 10 to 15 p~incipal components. The calib~ations 

w•~• optimized fo~ each season by a canonical stepwise multiple 

~•g~ession p~ocedu~e applied to tha p~incipal components of t~ee 

growth and principal components of climate <Blasing, 1978, 

Fritts, L..ofgren, and Gordon, 1979). The model used in the 

calibration ~• va~ied by using dif~erant numbers of predictand 

principal components. ~ variety of approaches were tried to help 

determine which of the models had the best str,.Jcture. Pr-incipal 

components wer-e sometimes lagged to portray moving ave~age 

The predictor data were also modeled for first-order 

autoco~relation features be~ore taking the principal components. 

Reconstructions were made of the ~me variables and seasons using 

calibration models of di~fe~ent structure. All results ware then 

vel""ified using the nineteenth-centul""y independent data and· the 

nineteenth-century l""econstructions. Only those which vel""ified, 

ie. had less than a 0.0!5 p~ob-.bility of being a resl.Jlt of 

chance, ware used in subsequent analyses. 

The best data sets for each season were assembled by 

e~amining and selecting the reconstructions from models which 

gave the best c•libration and verificatioM statistics. The 

results from two to three of the best models were combined by 

averaging the respective reconstruct ions, aMd new cal i brat io:•n and 

verification statistics were calc,.llated. There was generally 
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more im~rovament after av~raging than would be expected from the 

statistics o'f the individual reconstructed sets. EnoiJgh of the 

error in the different reconstructions was reduced by the 

averagi 1g to m~ke the values o'f the combined series noticeably 

mora accurate. 

sa& son. 

These wera th• final models chosen for each 

four combined reconstructions foJ" seasonal 

temperature were weighted according to the number o'f months 

included, .and then were averaged to obt.ain the annual 

December-November values. The seasonal reconstructions for 

precipitation were summed to obtain annual totals. Each annual 

reconstruction was assigned the year o'f the Jan~ary month. The 

reconstructions formed by combining the seasonal 

reconstructions were verified with annual instrumental climatic 

data. 

The sa,asonal and annual reconstrl.tCt ions for e.ach variable 

were averaged for all stations in tha Columbia Basin area. Table 

1 shows the S temperature stations and 9 precipitation stations 

used foJ" this purpose <Figure 3). As ma1"'1t ioned 

calculations were made for data f~om both the small and 

grids. 

16 
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(b) Reconstruction for the Pasco Sasin from the 65-chron•:::)logy 

grid 

Based upon th .. same individual climate stat ion 

reconstructions developed from the 65-chronology western North 

American tree-ring grid, a ~asco Ba~in regional reconstruction 

This r•gional reconstruction was produced by 

averaging the seasonal reconstructions and annual reconstructions 

of the thr.e climate stations closest to the Pasco Sasin. For the 

temperature reconstruction these sites were Baker, Walla Walla 

and Spokane. For the precipitation reconstruction the sites used 

ware Lewiston, Baker and Callville <Table 1>. 

(c) Reconstructions for the Pasco Basin Region from 10 new 

chronologies 

The tree-ring measurements av.;r,ilable frorn the 

International Tree-Ring Oat-. Bank (Brubaker and Gral.&mlich, 1'384) 

and from the Laboratory of Tree-Ring Research for sites in 

Washington and Oregon were examined for their dating quality 

using recently developed computer j:lrogram COFECHA <Holmes, 1'383). 

Several 

qu.ality. 

measured core data sets were found to be of marginal 

Since the Sj:lecimens from which the measurements car.1e 

could not be examined, the !5eries with questionable data. were 

deleted and a new tree-ring cl"lronology was comp1.1ted. 
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Computer program ARSTAN <Cook and Holmes, 1984) was used 

to generate the chronologiesw ARSTAN is a newly developed 

program designed to extract a maximum of climatic information 

f~om series of ring-~idth measurements of a core collection from 

a s.a.mpled site. Individu.a.l measurement series are fir~t 

datt'"ended by fitting a neg-ative exponenti.a.l c1.arve, or a least 

squ•res regrassion line if tha exponential cannot be fit, then 

dividing the measured (obsat'"ved) values by the cort""esponding 

(e>epected) values of -tha curve. This yields a sat""ies with a 

large part of the biological growth trend removed. Then a second 

detrending is done using a stiff cubic smoothing spline <Cook and 

Peters, 1981> to remove only tha vel""y low frequency variance on 

the order of the length of the series itself. The result of this 

two-step datrending is an assembly of indexed tt""ee-growth series, 

well crossdated, which contain a minimum of trends resulting from 

biological processes in the treesw 

Individual series are then combined into a chronology by 

deriving a biweight robust mean of the indices for each year, a 

techni~ua which reduces the effect of disturbances and trauma 

suffered by individu•l trees. 

chronology. 

This is called the "STNDRD" 

Multiv.ariate autoregressive modeling is done on the 

detrended s•ries, and a pooled •utoregressive model is derived. 

Each series is "wl"l i tened" by using its own coeffic1ents for 

univ.ariate autoregressive modeling, carried out to the order •::lf 
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the pooled modal.. These residual series are combined into a 

chronology, again by means of biweight robust mean estimation. 

Finally, the coefficients from the pooled modeling are 

used to add the persistence common among the series back into the 

residu.al chronology, ;iving the "ARST~N" chronology. 

error vari.anc:es ot' the "STNDRO" and "ARSTAN" 

chronologies are computed, ~nd the chronology with the lower 

error varianc• is selected. In other words, if the ratio of 

error variance of' the "ARSTAN" to the "STNORD" chronologies is 

less than 1. 0, the autoregressive modeling has produced a 

chronology with lower error variance. For each site, 

chronology with the lower error variance was selected. 

A subset of chronologies from 10 sites were chosen for 

SIJ.bse~:~uent use, based primarily on the maMimum time period that 

could be covered by the maximum number of chronology series. The 

aim was to obtain a spatial network of chronologies that 

~ncompassed the Pasco Basin and had the longest common time 

period possible. The resulting data grid of 10 sites covered a 

common period of 1640 to 1~7~ <Figure 2). The mean sensitivity 

and standard d•viation of these 10 chronologies averaged 0.a0 and 

0.28 while the signal-to-noi5& ~atios averaged 10. 7. These 

chronologies were generally of poorer ~:~uality than those used for 

the 6~ selected station set. 

Four climatic stations were available for the Pasco Basin 
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~agion against which the new tree-ring grid could be calibrated 

(Table ll. The monthly climate data were seasonalized in the same 

manner as above, and the seasonal ized data were subseqi.Jent ly 

combined to form regional averages for the diff?rent seasons. 

These averaged sea~onal time ••~ies were usad as the predictands 

in the calibration process while tha 10 tree-~ing ch~onologies 

were the predictors. <The smaller number o~ chronologies allowed 

the analysis to be per~ormed without reducing the data to 

principal components.) The data ~rom 1901-1961 were used in the 

calibration, 

verification. 

and those from 1962-1975 were used in the 

t'our season«! time series of temperature or 

that was lagged by one year were 

used as predictands Ct'orming an eight variable data set>. These 

were t..ased in the stepw1se canonical regression analysis ""'ith the 

10 selected tree ring chronologies. Thus the tree-ring indices 

for current calendar year t wer• calibrated with climate data for 

winter, spring, summ•r, and autumn of both the calendar year t 

and the next year t+l. Reconstructions were obtained for the 

eight climatic series representing both the unlagged and lagged 

data. rne reconstruction with the best verification and 

calibration statistics ""'as selected from each of the 4 seasons 

for subsequent analysis. 

Autocorrelation within the tree-ring data may ,~bscure the 

climatic 1nformati•_:~n to some extent. This wo•..ald redt..ace the 



calibration and add er~or to the subs•quent reconst~uct ion. 

Thus, each of the 10 ch~onologies was modeled as a Box-Jenkins 

autoreg~essive moving ave~age CARMAl series and the residuals of 

the model were obtained. These 10 ARMA residual se~ies were used 

with the abova unlagged lagged climatic data in the 

cannonical regression to obtain another sat of 

~econst~'.lCt ion5. A third reconstruction was generated by using 

both the original 10 chronologies and the ARMA residuals tog•ther 

in a 20 predictand variable analysis. This would hopefully allow 

for certain mixed-model effects to be used in calibrating the 

transfer function. 

RESULTS 

A summary of the overall calibration and verification 

results fo~ the diffe~ent reconstructions i9 presented in Table 

2. The New Pasco Basin reconstructions using both the original 

and ARMA modeled chronology data had the highest explained 

calibration variance. However, when the verification results are 

examined, those reconstructions derived from the 65-chronology 

tree-ring grid are the b•st. The differences are so great that 

little doubt remains as to the most accurat9 result, even though 

the 65 sites of the trees that were used were sometimes 1000 or 

more Km distant from the Pasco ~egion. The multivariate 
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calibration ilppe.ared to weight the infol""mat ion contair1ed in the 

05 chronologies appropriately to obtain the necessary information 

on the local Pasco Basin climate. We conclude that the 

reconstructions from t~e 10 chronology tree-ring data used with 

the Pasco region climate verified insufficiently for our 

purposes. We therefore abandoned them and extracted the 

necessary information from the reconstructions of the large 

climatic grid mild& with the 6~-chronology grid. 

The diltil were anillyzed from only the three 

reconstructions immediately surrounding Pasco Basin. When these 

diltil were considered <Table 2>, the large grid recol"'strTJCt ions 

appeared slightly more l""eli•ble thiln those of the small Ol"'e, 

although the differences were not lal""ga. We therefore concluded 

that the data from the lal""ge grid were most 

analy-sis. 

The only l""emaining compal""ison to be 

suitable for the 

made was an 

evaluation of the aver.ages from the eight l""eeonstriJetions fo1"" tMe 

Columbia Basin and the averages of tMe tMree reconstl""uetions fol"" 

tMe Pasco Basin. The corral at ions between these l""ecomstrt.u:t ions 

al""9 ahown in Table tMl""ee fol"" tMe entire 360-year period. 

Correlations betw•en the two wel""ias were also obtained fol"" 

20-yeal"" subsets. The deg1""ee of correlation between the sel""ies 

varied from a p•rfect 1.0 for the whole seT'ies down to a value of 

0. 03 for one a0-yea.r peri•:"ld. The highest cort"el at ions were f•:"IIJ1''1d 

among the tempe1""ature series <Table 3l. They indicate that either 
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set of 

result. 

annu-.1 

reconstructions would provide essentially tMe same 

However the lower correlations for spring, summer and 

~recipitation indicate tMat tMe averages from the three 

reconstructions immediately surrounding the Pasco Basin are 

diffarent estimates and since they are from stations closest to 

the .:tre•, they should be used for this analysis. In addition, 

Table 2 shows that the Pasco Basin large-grid subset has the best 

overall verification statistics. Therefore, these 

reconstructions were chosen for the climatic evaluation. 

The annual and seasonal reconstructions of temperature 

and precipitation for the Pasco Basin region are presented in 

Figures 4 to 6. These time-series plots ,are the annual and 

seasonal values averaged over the three stations from the large 

grid. These yearly values have been treated by m•.lltiplying a 

13-weight low-pass filter (Julian and Fritts, 19E.S> that passes 

50% of the variance at a period of eight years. Thus the plots 

emphasize long-term variations with periods from infinity to 

about a year5. The ~ntreated data are ineluded in Appendix 3. 

In eaeh of the plots <Figures 4 to 6) the zero line i~ 

th• mean for the 1901 to 1961 calibration period and the time 

§aries plotted is the low pass filtered series of departures from 

that mean. Each of the filtered seasonal ~eeonstruetions shows 

that some periods depart mark.edly from the 20th-eentl.lry r11ean 

value (see Table 4). 
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In Table 4 tne 20th cent1.1ry means and standard deviations 

are compared to tne means and standard deviations in the 

reconstr,.lctions for tne prior three centuries. Column Z in Table 

4 includes the means for 1901-1970, which is for a longer period 

than that used for calibration, and tne standard deviations of 

the reconstructions for 1901-1961, which is for data within the 

The standard deviation of the 

reconstruction estimates was used in order to avoid the variance 

difference betw.en the predictand data and the estimates. Column 

3 includes the means 01" standard deviations fOl" the 

reconstructions for 1602-1900. The column on the right includes 

-the differences or ratios between values in columns 2 and 3 

axpr .. sed as 20th century anomalies from the 160Z-1'300 

reconstructed climate. It should be pointed out that these data 

are regression estimates with error terms. They generally have 

less variance than the original climatic data. As such they must 

be considered as lower estimates of the actual conditions that 

probably e~isted. 

The calculations in Table 4 indicate that the 20th 

century conditions Cthosa up through 1970 for the mean and those 

u~ through 1961 for the variance (standard deviation)J were 

cooler and somewhat dryar than those recon<str•.1eted fol"' tl"le three 

prior e•nturies. The low tem~arature anomalies of the Z0th 

eentu~y were found to be primarily in the winter and spring 

measurements. In the case of pl"'eeipitation the average anomaly 
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was fou~d to be ~rimarily in the measureme~ts for the winter a~d 

autum~ seaso~s. 

The va~ia~ce follows different patte~~s. The va~ianees 

of the spring, summe~ and autumn temperatures were lower in the 

20th eentury compared to the prior centuries while those of 

winter, spring and autumn precipitation were lower. 

The variations within eaeh time series were analyzed 

statistically to help with the i~terpretatioMs of the plots 

CTables 5 and 6>. The overall means and standard deviations of 

the departur• values are included in Tabla 5. These data ean be 

compared with the differences show~ in T.abl• 4. In addition, 

20-year ov•rlapping running meAns were calculated and ranked from 

the highest and lowest. The five highest and five lowest means 

from non-overlapping periods are shown in Table ~ along w1th the 

dates for the first year of each period. The differences in mean 

and varianee between all adJacent pairs of the overlapping mean 

series also were tested usiMg the t a~d the F statisties, 

respectively. As expected, significant mean departures clustered 

only in periods of highest ~nd lowest values. The a0-year period 

with the most significant statistie was selected from the cluster 

for inclusion in Table 6. The highest aMd lowest ranking mean 

values coineide with many of the peaks and troughs in the plots, 

while signifieant changes in the mean appear as rapid changes in 

the plots. 



ANNUAL RESULTS 

The analysis of tne 20-year means of annual temperature 

show that the five warmest non-overlapping 20-year means were 

con~ined to the three earlier centuries. The first and third 

warmest <the ones starting in 1647 and 1674) ware reconstructed 

in tha 17th century. Th• second, fourth and fifth ranking were 

reconstructed beginning in 17~0, 18~0 and 1704. Some o~ the mean 

values include int•rvals with two maxima on the plots. This 

occurs because the filtered plots include more high-frequency 

information than is available 

overlapping values. 

from the series of 20-year 

right> 

The coldest 20-year interval (the one listed on the far 

was reconstructed beginning in 1611. The second coldest 

began in 18~8 and included early 20th century data. The third 

fourth and fifth coldest were reconstructed to have begun in 

1871, 1750 and 1828. The plot of the departures shows a grad•.tal 

decline from the lata 17th to early 20th century. This latter 

century is a time of sharply rising temperatures for many areas 

of Europe, Asia and eastern North America, but the trend was not 

as pronounced in the Pacific Northwest of North America (Jones 

and Kally, 1983). This same pattern of falling temperatures from 

the 17th to early 20th century also was reconstructed for the 

Paeifie and Gre•t Basin states by Fritts (1981), but did not 

oeeur over tl"le Rocky Mo~.tl"'tains and areas to the east. 



Excursions f~om this t~end of up to a degree F. can be 

noted in Figure 4. The data f~om Table 6 show that the ~ise in 

annual tempe~atu~e a~ound 1634 was more marked <had the highest 

rank> than du~ing any other 20-year pe~iod. Mar~ed declines in 

tempe~ature can be noted in 1667, 1695, 1724, 1811 and 1870. The 

la•t was second in rank • There are two periods with significant 
. 

rises in annual temperatura near or during the 20th century. One 

was noted in 1891 and the other in 1926. These rank among the 

smallest that were found to be significant. 

The variance of oJ.nnu.al temperat1.1re is ch.aracterized by a 

sharp rise occurring in 1654. This change in Z0-yaar variance is 

th• highest roi.nking variance change noted in the an•lysis. It is 

followed by oi. marked decline in variance in 1677. The next most 

important variance change can be noted in 1765. A modest decrease 

in variance was noted in 1883, but no significant departure in 

20-year variance was found in the 20th-century annual temperattJ.re 

reconstructions. 

The annual precipitation plot in Fi;ure 6 suggests that 

the Pasco Basin was consistently wet in the first half of the 

17th century with departures often 2 or more inches above the 

20th-e•ntury values. Tha intervals starting in 1604 and 1629 

ware the two wettest 20-year periods. Periods in the 18th and 

19th century were also moist, as were tMe 20 years from 1890-1909 

with a mean ranking fifth highest. The most marked 20-year 

dl"'Ot.lght was reconst~ucted to have started arou'f'ld 1676. The seco'l"'!d 



mo~t severe drought was reconstructed to have begun arouMd 1843. 

Other dry 20-year periods begin in 1917,1755 and 1699 <Table 5>. 

There was less variation in the 20th centt.lry and the excursions 

from normal were about hal~ tho~e reconstructed in earlier 

centuries. 

precipitation was 

r•constructed in 1841 and ~mounted to A decline o~ about 2 inches 

<Table 

in 1652 

6). The second and third important changes reconstructed 

and 1917 wer• •lso represent declines. With the 

eKcaption of 1741, 

indicated warming. 

all other subsequent changes in the mean 

The 1940:-fourth, 

1696-fifth, 1719-siKth and 1863-eighth. The most significant 

chAnge in variance was the decline reconstrt.lctad around 1657 

while the second most significant change was a decl ina 

reconstructed around 1545. The third through sixth-ranking 

chAnges in variance were reconstructed in 1665, 1914, 1696 and 

1756. Two significant changes corresponding to decreases in 

variance ar• indicated in 1894 and 1940. One can see from these 

data that the 20-year precipitation varied from period to period 

exhibiting mean changes of from 1 to 2 inches and standard 

deviation changes of 0.7 inches or more. 
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SEASONAL RESULTS 

The filtered plots of seasonal tempe~atures <Figure 5) 

sh•='W the general character indicated by the data in Table 4. With 

the exception of autumn the 20th-century seasonal temperatures 

ware cooler than they ware in the earlier three centuries. The 

autumn pl•='t indicates a geY~eral rise in tamj:leratures during this 

g.•• son. 

reconstructed for 16~6-1675 and the next highest in 1634-1653. 

The coldest began in 1611; the 1898-1917 period was the next 

coldest. The highest 20-year temperatures for Sj:lring were found 

in the interval beginning in 1851, the second highest wer• 

reconstructed to begin in 1647 which coincides with the high 

temperat •J.res in winter. The 20 years beginning in 1609 were 

rec,='nstructed to have been the coldest. 

third-rarokil"''g lowest period il"'' wil"''ter. 

This coincides with the 

The second and third 

colCest were reconstructed to begin in 1874 al"''d 1770. The 

intervals 18S8-1917 and 1941-1960 were the fourth and fifth 

c:•::•ldest for the spring season. 

The warmest 20 year9 'for summer were reconstr•Jcted in the 

period beginning in 1627. The next four warmest periods for 

summer began with 1782, 1917, 1647 and 1706; the coldest began in 

1606, 1661, 1897, 1696 and 1735. The four warmest 20-year periods 

ir: ar.ttumn began in 1673, 1934 and 1900, all in the 19th and 20th 

centuries. The period beginning with 167~ had the flfth-ranking 

hi ;h t em pet~ at rJ.res. The peri•='dS beginnil"''g in 16Z2 and 1643 were 



the two coldest in autumn, the ones beginning in 1784 and 173S 

were r~ank.ed third and fo,Jrth. The mean for 1809-1829 was the 

fifth-ranking cold period. While some periods of maximt.tm or 

coincided between seasons, there wel"'e 

considerable differences among the seasons for temperature. 

The ~irst and fourth wettest 20-year ~ariods that were 

rec:onstr,.tcted fol"' winter began in 1623 and in 1656. The 

second-ranking began in 1878 while the third- and fifth-ranking 

were reconstr,Jcted to have begun in 1771 and 1749. The driest 

20-year average per i•:td in winter began in 1855 and the 

began in 1827. The third and 

fourth-~anking dry periods began in 1709 and 15 7:1. The dl"'ought 

beginning in 1917 ranked fifth. The plots ·indicat• that dry 

conditions appeared to have been as common, if not more so, in 

the 19th and 20th centuries in winter for the Pasco Basin area 

than in the 17th and 18th centuries. 

The trend in precipitation was not as pronounced in the 

reconstr•.1ct icms for the spring season, but there were droughts in 

evel""y cent Ul""y. The wettest 20-year intervals began in 1602, 

1940, 1821, 1873 and 1897. The driest began in 1623, 1846, 1741, 

1E.45 and 1917. 

The reconstructions for SIJmmer precipitation reveal 

relatively Sl"l•::.rt wet period!l compared to lol"'ger dry periods. The 

wettest 20-year mean for precipitation was reconstrt.tcted for tne 
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period beginning in 1SS7. The periods starting in 1631, 1818, 

1749 and 1608 rank. as the second to fifth wettest. Orot.Lghts 

appeared to have been severe and extended in the summer 

rec•:=~nstruct ions. The 20-year period beginning with 1676 was 

reconstructed to have been the driest. It was followed by the 

fourth-ranking drought beginning in 1703. The 1769 period w~s the 

second driest ~nd these dry conditions were reconstructed to 

persist into the 1810s. The period beginning in 1S43 was third 

ranJ.t.ing in import~nce. The drought begi~ning in 192:6 w~s fif"th 

il'"t importance aY'Id it was preceded by a number of years of low 

m•:;~isture. 

The precipit~tion reconstructions for autumn indicate wet 

conditions persisted through the first half of this century. 

Averages for the 20-year periods beginning in 1643 and 1611 were 

first and second ranking. The average for the period beginning 

in ~808 was third ranking while those for the periods 17Z0 and 

1788 w&re fourth and fifth ranking. The five driest Z0-year 

rec:oy,struc:ted periods for autumn are listed in order of their 

importance as beginning in 1675, 1825, 1755, 1841 and 19ZS. In 

general, the autumn precipitation was reconstrw:t•d to have been 

considerably less variable during the Z0th century than during 

the three prior eent,.Lries. 
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CONCLUSIONS 

To:• aid in the assessment or climatic effects on g~ound 

wate~ recharge, and ultimately on tha futu~e perfo~mance of the 

proposed nuclear wasta repository in the ~asco Basin, the 

techniques described herein have been applied to reconstructing 

the climate of Pasco Basin region of the Pacific Northwest. Th• 

best reconstructions of temperature and precipitation are those 

derived from an analysis of 65 tree-ring chronologies from sites 

th~oughout western North America. The reconstructed annual 

temperature for th• last 3 centuri~s was on the average higher 

and more variable than for the ~0th century. 

The average tempa~attJre for 1602-1900 amounts to a 

depa~t,Jre of 0. 17 degrees F which 

daviation sho:;~wn for the 20th centu~y. 

is 2E% of the standard 

The standard deviation of 

the annu.al vah.1e for 1602-1900 i!! approximately 4" higher than 

the recol"'tstructions for tha 20th century. Tha greil.test 

difference in the average was reconstructed for winter and the 

greatest difference in the variance 

reconstruct•d for autumn. 

(5tandard deviation) was 

The average annual precipitation reconstructed fo~ 

1602-13e0 was 0.32 inches higher than it was in the 20th 

c;entt..Lry. The standa~d deviat i•:)n reconstr•..Lcted for tMe same 

period was 23% higher. The change in the average and stancard 



deviatlon of the reconstructed precipitation was greatest for 

autumn. 

The reeonst ruet ions for both temperature and 

precipitation exhibit la~g• and persistent variations from the 

mean in the 17th century, beginning with cool moist conditions 

and ending with relatively average conditions. 

were generally higher than in the 20th century. 

The temperatures 

A cold period 

around 191~ was •s severe as periods in prior centuries but did 

not persist as long. Starting with the last hal~ oF the 17th 

eentury, dro•.aghts were common and sometimes more extensive than 

those ~ound in the a0th century. 
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TABLE 1 

The c:l i nat ic stations used in the analysis of this study 

Coll..lmbia Basin Pasco B.asin new Pasco B.a.sin 
Map * Sit& T11111 Ppt Tem Ppt Tem Ppt 
----- ------- ----------------------------------------

a Aber-deen X X 

b Baker X X X X X X 

c:: K.a.lispell X X 

d Kamloops X X 

e Roseburg X X 

f Spokane X X X X 

g Vancouver X 

h Walla W.alla X X X X 

i Colville X X 

J Lewiston X X 

k Port Angeles X 

l Porthill X 

.. Waterville X X 



TABLE 2 

-----=~--

Summ&ry of calibration and verification results 

RECONSTRUCTION 

COLUMBIA BASIN 
LARGE 

SMALL 

PASCO BASIN 
LARGE 

SMALL 

NEW PASCO BASIN 
UN MODELED 

ARMA MODELED 

UNMODELED + ARMA 

EXPLAINED 
VARIANCE 

0.306 

0.352 

0. 313 

0.369 

0.305 

0.286 

0.411 

I'ROPORTIONS OF 
STATISTICAL 

TESTS 

91/320 • 0.264 

96/320 • 0.300 

51/150 =- 0.340 

46/150 -0.320 

4/40 .. 0 .. 100 

7/40 = 0.175 

6/40 = 0.150 

TESTS PASSING 
STAT. TESTS 

+ R .. E. > 0 

137/364 -0.357 

136/364 = 0.354 

73/180 • 0.406 

63/160 .. 0.3~0 

6/46 -0. ta::s 

10/48 = 0.Z08 

7/48 • 0.146 



TABLE 3 

---------
Co~~•lation betw••n tn• ~•const~uctions ;•n•~ated fo~ 
tn• Columbia Basin and those ;•n•~•ted fo~ tne Pasco 
B&sin f~om tne la~;• 6~-ch~onology temp•~atu~e and 
p~•cipitation g~ids 

SEASON TEMPERATURE PRECIPITATION --------
ANNUAL 0.991 0.837 

Wint•~ 0.979 0.940 

Sp~ing 0.99~ 0.8~3 

Summ•~ 0.998 0.949 

Autumn 1.000 0.993 



TABLE 3 

---------
Correlation between the reconstructions generated for 
the Columbia Basin and those generated for the Pasco 
Basin from the large 6~-chronology temperature and 
precipitation grids 

SEASON TEMPERATURE PRECIPITATION 

---------------------------------------------------------
ANNUAL 0.991 0.837 

Winter 0.979 0.940 

Spring 0.99~ 0.8~3 

Summer 0.998 0.949 

Autumn 1. 000 0.993 



• 

ANNUAL 
Wint•~ 
Spring 
Summer 
Autumn 

ANNUAL 
Winter 
Spring 
Summer 
Autumn 

TABLE 4 =-------
Statistical compa~ison of the 20th centu~y ~eco~d 

with the ~econst~ucted ~eco~d fo~ 160Z-1900 

Inst~umental 

1901-1970 

49.48:5 
31.399 
~2.208 
70.298 
~0.06:5 

MEAN 

Reconstruction 
1602-1900 <1901-1970) - <1602-1900> 

TEMPERATURE <F> 

49.6~7 
32.018 
~2-~30 
70.24~ 

49.741 

-.172 
-.619 
-.322 
0.0:53 
0.324 

PRECIPITATION <inches> 

13.730 
4.14:5 
4.991 
1.180 
3.414 

14.0~1 

4.212 
4.841 
1. 067 
3.931 

STANDARD DEVIATION 

-.321 
-.067 
0.1:50 
0.113 
-.~17 

Variable Reconst~uction 

1901-1961 
Reconstruction 

ANNUAL 
Wint•~ 
Sp~ing 

Summer 
Autumn 

ANNUAL 
Winta~ 

Sp~ing 
Summer 
Autumn 

0.742 
1. 904 
1.173 
1. 0:51 
0.436 

1. 162 
0.358 
0.818 
0.327 
0.643 

1602-1900 <1901-1961> I (1602-1900> 

TEMPERATURE <F> 

0.771 
1.768 
1.441 
1.20:5 
0.600 

PRECIPITATION <inches> 

1. 495 
0.443 
0.883 
0.300 
1.035 

0.962 
1. 076 
0. 814 
0.872 
0.727 

0.777 
0.808 
0.926 
1. 090 
0.621 



TABLE :5 -------
ANALYSIS OF THE INDIVIDUAL RECONSTRUCTED TIME SERIES 

The overall mean and standard deviation of the full 360 
years of the reconstructed time sari•s and the :5 highest and :5 
low•st nonoverlapping 20-year periods. Th• beginning year and 

the mean d•parture value associated with each 20-year period is 
indicated. Temperature departures are measured in degre•s F, 

precipitation departures are measured in inches. 

TEMPERATURE 

Highest Lowest 

------------------- ---------------ANNUAL Overall Mean • 0. 13'3 Overall s. D • • 0.769 
Beginning year 1647 1790 1674 1~:50 1704 1828 17:50 1871 1898 1611 
Mean valu• 1. 02 0.67 0.:56 0.:53 0. 43 -.17 -.26 -.28 -.34 -.61 

WINTER Overall Mean a 0.493 Overall S.D. -1.810 
Beginning year 16:56 1634 170~ 178:5 1891 1811 17:51 1614 1839 1913 
Mean va"l ue 2. 13 1. 87 1. 4:5 1. 37 1. 34 -.27 -.27 -.:54 -.79 -1.09 

SPRING Ov•rall Mean -0.273 Ov•rall s. D. -1. 401 
Beginning year 18:51 1647 1808 1923 1788 1941 1898 1770 1874 1609 
Mean value 1. 79 1. 76 1. 32 0.9:5 0.93 -.43 -.65 -.7:5 -.9:5 -1.30 

SUMMER Overall Mean - -.040 Overall s. D. -1.178 
Beginning year 1627 1782 1917 1647 1706 1737 1696 1897 1861 1806 
M•an value 1. 39 0.98 0.82 0.69 0.:56 -.56 -.57 -.94 -1.09 -1.35 

AUTUMN Ov•rall Mean - -.281 Overall s. D. -0.:583 
Beginning year 1873 1839 1934 1900 1676 1809 1735 1784 1643 1622 
Mean value 0.24 0. 18 0.06 0.01 -.02 -.45 -.46 -.:50 -.7:5 -1.29 



TABLE ~ <CONTINUED> 

·------------------
PRECIPITATION 

Highest Lowest 

------------------------ --------------------------
ANNUAL Over.all Me .an • 0.2~8 OverAll S.D. • 1. 448 

Beginning ye.ar 1604 1629 1816 1719 1890 1699 17~~ 1917 1843 1676 
Me.an vAlue 2.02 1. 92 1. 17 0.68 0.~2 -.33 -.4~ -.86 -1.07 -1.07 

WINTER Over .all M•an - 0.049 OverAll S.D. - 0.431 
B•;inning yeAr 1623 1878 1771 16:16 1749 1912 167~ 1709 1827 18:1~ 

Me.an vAlue 0.68 0.27 0.26 0. 21 0.19 -.16 -.17 -.17 -.17 -.20 

SPRING Overall Mean • -.116 Overall S.D. - 0.873 
Beginning ye.ar 1602 1940 1821 1873 1897 1917 164~ 1741 1846 1623 
Mean value 0.7:1 0.48 0.40 0.33 0.32 -.59 -.61 -.68 -.71 -.82 

SUMMER Over.all Meiln • -.099 Overall S.D. - 0.306 
Beginning Y••r 1897 1631 1818 1749 1608 1926 1703 1843 1769 1676 
M••n value 0. 22 0. 17 0.09 0.0:1 0.04 -.2:1 -.30 -.31 -.32 -.38 

AUTUMN Ov•rall M•an • 0.424 OverAll S.D. -1.001 
B•;inning yeAr 1634 1611 1808 1720 1788 1928 1841 17:1:1 188:1 167:i 
Mean value 2.01 1.59 1. 13 0.82 0.67 -.11 -.17 -.23 -.27 -.31 



TABLE 6 

D~tes, differences and rank of most significant Z0-year change 
and variance of the annual reconstructions 

B•ginning 
Year of 
Dec~d• 

1602 
1610 
1620 
1630 
1640 
16~0 
1660 
1670 
1680 
1690 
1700 
1710 
1720 
1730 
1740 
17~0 

1760 
1770 
1760 
1790 
1600 
1810 
1620 
1830 
1840 
16~0 

1660 
1870 
1880 
1890 
1900 
1910 
1920 

Year 

1634 

1667 

169~ 

1724 

1782 

1611 

18~0 

1870 

1891 

1926 

1. 112 

-0.693 

-0.692 

-0.~16 

0.603 

-0.708 

0.688 

-0.824 

0.42~ 

0. 616 

ANNUAL TEMPERATURE 

M•an 

Rank Differenc• Rank 

1 1639 -0.2~4 7 

16~4 0.396 1 
4 

1677 -0.328 

176~ -0.303 3 

a 

3 
1821 -0.268 6 

1841 0.289 4/~ 

6 

1883 -0.289 4/5 
10 

7 



Teable 6 <Continued) 

ANNUAL PRECIPITATION 

Beginning Me•n Mean 
Year of ------------------------ ------------------
Decade Year Difference Rank Ye•r Difference Rank 

--------- ---------- ----------
1602 
1610 
1620 

I 1630 
1640 164:5 -0.710 2 
16:50 16:52 -1.:501 
1660 166:5 0.:593 3 
1670 
1680 
1690 1696 1.196 :; 1696 0.563 
1700 
1710 1719 1. 010 6 
1720 
1730 
1740 1741 -0.988 7 
17:50 17:56 0.:548 
1760 
1770 
1780 
1790 
1800 
1810 
1820 
1830 
1840 1841 -1.998 1 
18:S0 1837 -0.718 1 
1860 1863 0.890 a 
1870 
1880 
1890 1894 -0.403 a 
1900 
1910 1917 -1.320 ~ 

~ 1914 0.577 4 
1920 
1930 
1940 1940 1. 205 4 1940 -0.532 7 

·. 
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Figure l 

The locations of the 65 tree-ring chronology sites used in 
reconstructing temperature and precipitation in the United States 
and sout~estern Canada • 
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·. 

The loea~ious of the 10 tree-ring chronology sites recently 
collec~ed from ~he Washington and Oregon area, which vere ca.libraced 
vith the four tempera~ure and precipitation reco~ds in the Pasco 
Basin area. 
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Figure 3 

The locaeions of cl.imaeic seaeions whose records were used 
during various aspects of this research. The station names are 
included in Table l~ with the letters 'a' through 'm' as shown 
on the map. 
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Figure 4 

The low pass filtered annual reconstructions of temperature 
and precipitation departures for the Pasco Basin region. Each 
reconstruction is formed by averaging the reconstructions from 
the three climatic stations [Baker, Spokane and Walla Walla · 
(temperature) or Baker, Colville and Lewiston (precipitation)J. 
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Figure 5 

The low pass filtered reconstructions. of seasonal temperature 
departures from the 1901-1961 calibration mean for the Pasco Basin. 
Each reconstruction is formed by averaging the reconstructions from 
the three c.limatic stations (Baker, Spokane and W~a Walla) • 
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Figure 6 

The law pass filtered reconstructions of seasonal precipitation 
departures from the 1901-1961 calibration mean for the Pasco Basin. 
Each reconstruction is formed by averaging the individual reconstructions 
from the three climatic stations (Baker, Colville and Lewiston). 
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APPENDIX 1 

The Contract 

''Under the Department of Energy Hanford Defense Waste 
CHOW> Environmental Impact Statement proJeCt, the natural event 
and human-induced t'elease scenarios must be brought up to date 
with the latest scientific knowledge of the Pasco Basin geology 
and hydrology. As part of this u~dating, it will be necessary to 
est1mate the changes in precipitation that are likely to occur 
within the 10,000 year containment period. Estimates of such 
changes cannot be made by eKtrapolating the historical climatic 
record; eKamination of paleohydrologic indicators must be made to 
obtain surrogate measures of past precipitation for a period at 
least as long as the required containment period. 

At present the information necessary to make reasonable 
estimates of precipitation and temperature for south-central 
Washington for the last 10,000 years or longer is not available 
because there are no continuous records that cover the time 
period of interest. 11 (Statement of Work B-G5323-A-E April 1984J 

The tasks attributed to the study described here are: 

1. Calibrate and verify climatic reconstructions based on 
tree-ring chronology data and seasonal climatic data sets. 

2. Review, interpret, ·and analyze the climatic 
reconstructions based on independent data, (i.e., palynolog1cal 
studies etc.>. 



1 
APPENDIX 2: TABLE 1 

Verification results f'ot" the individl..tal temperature 
stations that make up the Columbia Basin Region 

N R R fd R. E. SIGN SIGN fd PROD # 
+ + MEAN df 

-------------------------------------------------------------
MODEL WINTER 1GB I SMSI 46 Temperature Grid Region 1 
21 K;alispell -- INSUFFICIENT DATA FOR VERIFICATION ---
29 Rosebul""g 22 0.37+ 0.47+ 0.04+ 11 11 13 8 3.07+ 10 3 
3:5 B,aker 11 0.24 0.60+ -.07 G 5 8 2 1. 08 :s 1 
39 Spokane 19 0.42+ 0.49+ 0. 15+ 12 7 10 8 0. 91 7 2 
40 Wall& Walla 28 0.35+ 0.26 0.19+ 17 11 14 12 2:.27+ 14 2 
4:5 Kamloops a 0.e.a:• 0.72+ 0. 09+ G 2 G 1 1.G1 5 2 
4G Vancouver - INSUFFICIENT DATA FOR VERIFICATION --

--- ------------- -- --
MODEL SPRING 131510345 46 Temperature Grid Region 1 
21 K.alispell --- INSUFFICIENT DATA FOR VERIFICATION --
29 Roseburg 23 0.49+ 0.5~+ 0.29+ 14 9 1G G* 1. G0 11 3 
35 Bakel"' 11 0.0:5 0. 13 -. 14 G 5 6 4 1. 42 :s 0 
39 Spok•ne 20 0.41+ 0.60+ 0.10* 13 7 14 ~· 0.86 9 3 
40 W.lla W.alla 29 0.24 0. 48+ -.00 18 11 18 9 0.73 13 1 
45 Kamloops :s 0.6:5 0. 71 0.54+ 3 a 3 1 1. 22 2 0 
46 Vancouver -- INSUFFICIENT DATA FOR VERIFICATION --

---------------------------------------------------------
MODEL SUMMER 1G33 134 46 Temp•rature Gl"'id Region 1 
21 Kal isp•ll -- INSUFFICIENT DATA FOR VERIFICATION ---
29 Rosebul"'g 23 0.53+ 0.37* 0.41* Z0 3• 13 9 3. 23* 16 4 
35 Bakel"' 12 0.65+ 0.70• 0.37+ 8 4 8 3 1. G3 6 2 
39 Spokane 20 0.30 0. 36 0. 15* 13 5* 13 G 0. sa 10 1 
40 Walla W.all.a 29 0.50+ 0.35* 0.37+ 22 7• 17 11 3.23+ 18 4 
45 Kamloops 7 0.47 0.51 0.21* 5 2 3 3 1. 1G 3 0 
46 Vancouver --- INSUFFICIENT DATA FOR VERIFICATION ---

-------------------------------------------------------------
MODEL AUTUMN 131M 4FMF 46 Temperatyre Grid Region 1 
21 Kalispell -- INSUFFICIENT DATA FOR VERIFICATION ---
29 Roseburg 23 0.05 -. 04 -.03 11 12 9 13 0. 31 11 0 
35 Bak&~ 12 0.50* 0. 40 0. 17* 7 5 a 2. 1. 17 G 1 
3'3 Spok-.ne 20 0.12 0. 21 -.28 11 9 12 7 -1.e4 8 0 
40 Walla W.alla 29 0. 14 0. 20 -. 15 13 !G 14 12 -1. 2.0 14 0 
45 Kamloops 8 0.40 0.25 0.0'3* 4 4 4 3 0.7:5 3 0 
46 Vancouver - INSUFFICIENT DATA FOR VERIFICATION --
MODEL ANNUAL ANNREC679 46 Temperatut"'e Grid Region 1 
21 Kalispell --- INSUFFICIENT DATA FOR VERIFICATION ---
29 Ro:.seburg .,~ 

~~ 0.71+ 0.73+ 0. 44+ 17 5* 18 3* 2.60+ 15 5 
35 Bak.er 11 0.77+ 0.'90• 0.70+ 10 1+ 9 I+ a. 40+ 9 5 
3'9 Spoj.(.ane 19 0.58+ 0.67+ 0.26* 12 6 12 6 2. 31+ 10 ' • 
40 Walla W-.lla 28 0.51* 0.S3* 0.31+ 21 7+ 19 7* 2.60+ 16 ~ • 
45 Kamloops --- INSUFFICIENT DATA FOR VERIFICATION ---
46 Vaneouvet"' --- INSUFFICIENT DATA FOR VERIFICATION -----------------------------------------



TABLE 1 CCONTINUED) 

1. 
LEGEND 

• 
N 
R fd 
R. E. 
SIGN 
SIGN 
PROD 
df 

• 

~ Significant result 
~ Number of years of independent data used 
• Correlation Coefficient of first differences 
= Reduet ion of Error st .. t ist ie 
• Sign Test. • ~ agreements; 

fd • Sign Test on first diff. + • 
MEAN • Product Mean St•tistic. 

~ disagre•ments 
agreements; - • 

Q Degrees of Freedom on Product Mean statistic. 
• Number of st•tistical t•sts passed (excluding 

at the 9~% test level. 

disagreements 

RE> 



I 
APPENDIX 2: TABLE 2 

Verification results ~or the individual precipitation 
stations that make up the Columbia Basin Region 

N R R fd R. E. SIGN SIGN fd PROD 
+ + MEAN df 

----~--------------------·---------------------------------
MODEL WINTER I~I 18MBM 52 Precipitation Grid Region I 
22 Lewiston 34 0.17 0.3S* 0.08• 17 17 22 II* 1. 76+ 32 3 
23 Port hi 11 II -.17 -.3S 0.12+ ~ a• ::; 5 -.30 I I 
as Kalispell -- INSUFFICIENT DATA FOR VERIFICATION 
33 Bak•r II 0. 16 -.0S 0.40* ~ 2* 4 6 1. 69 I I 
34 Roseburg 22 0.42• 0.41* 0.27+ 17 !5• 15 6* I.S4 8 4 
42 ~berdeen ~ -.0!5 0.23 -.2S 4 5 4 4 0.10 3 0 
43 Colville 17 0.14 0.46• -.07 II 6 10 6 -.14 6 I 
44 Port Angeles 22 -.00 0.00 0.124+ I~ 3+ II ~ 0.01 2 I 
sa Kamloo~=ts s 0.47 0.67+ -.14 4 4 5 2 0.7S 3 I 

---------- ------- ----------
MODEL SPRING II I7IMSIF 52 Precipitation Grid Region I 
22 Lewiston 34 0.15 0. 16 -.0!5 0:2 II* IS 14 -.S7 31 I 
23 Porthill II 0.04 -.36 -.25 8 3 I 8 -1.44 2 0 
26 Kalispell - INSUFFICIENT DATA FOR VERIFICATION --
33 Baker II 0.22 0. 15 -. IS 5 6 !5 5 -.16 4 0 
34 Roseburg 23 0.05 0.06 0. 15+ IS !5* 10 12 0.93 II I 
42 Aberdeen 10 -.34 -.35 -.41 3 7 4 5 -.05 3 0 
43 Colville I~ 0.55+ 0.57+ 0.2S+ II 8 14 4* ;::.04+ 10 4 
44 Port Angeles 23 0.28 -.01 0.30+ 16 6* 10 12 3.43+ 8 2 
5Z Kamloops 7 0.57 0.50 0.15* 5 2 4 I 0.Z5 I 0 

MODEL SUMMER 4F 4FFF 52 Precipitation Grid Region I 
22 Lewiston 35 0~38* 0.'+4* 0. 17* 27 8* 23 II* I. 05 33 4 
23 Port hi 11 II 0. 41 0. 38 0.13* 9 2* 6 4 -.16 I I 
26 KAlispell -- INSUFFICIENT DRTA FOR VERIFICATION ---
33 B~ker 12 0. 60* 0.57* 0.36* II I* 8 3 -. 02 I <I 3 
34 Roseburg 23 e.20 0.32 -.06 12 II II 10 e.es 10 0 
42 Aberdeen 10 0.70* 0.80* 0.37* 10 0* 6 3 3.07* 9 4 
43 Colville 20 0.02 0.24 -.e9 10 10 13 6 0.37 9 "' 44 Port Angeles 23 0. 52'* 0.57* 0. 14* 17 6* 15 7 1. 12 II 3 
52 Kamloops 8 0.50 0.61 0. 12* 7 I* s I -3.27 6 I 

-----------------------------------------------------------MODEL AUTUMN !liM 5FMF 52 Precipitation Grid Region I 
22 Lewiston 33 0. 13 -.09 -.25 15 18 14 17 0.32 31 0 
23 Porthill II 0.02 -.01 -.08 2 '3 5 s -I. 03 2 0 
26 Kalispell --- INSUFFICIENT DATA FOR VERIFICATION ---
33 Bak.er 12 -.02 -.03 -. I '3 6 6 5 6 -1. IS s "' 34 Roseburg ~3 0. 17 0.25 0.01-.. 13 10 13 8 1. 47 12 0 
42 Aberdeen 10 -.3Z -.08 -. I 6 7 3 4 4 -5.76 2 "' 43 Colville 19 -. 17 0.00 -.24 8 11 10 8 -.55 9 0 
44 Port Angeles 23 -.03 -.20 -.02 II II 10 12 0.55 10 "' 52 Kamloops 8 0.62* 0.4B 0. 16* 5 3 6 I 0. 71 3 I 

-------------------------------------------------------------



TABLE a <CONTINUED> 

MODEL ANNUAL ANNREC67'3 :sa Preeipitat ion Grid Region 1 
,~ 
~~ Lewiston 31 0.2'3 0. 44• -.0:5 1a 1Z 13 11 -l.ZS za 1 
23 Pot~thill 11 0. 17 0. 17 -.01 6 4 6 4 -.52 3 0 
Z6 Kalispell --- INSUFFICIENT DATA FOR VERIFICATION ---
33 Baker 11 0.45 0.54 0.00* ~ s a 2 0.6a 4 0 
34 Roseburg 2<:: 0.48* 0. 41* 0.33* 16 6* 1Z 3 2.40• a 4 
4i2 Aberdeen 9 0. 72• 0.79* 0.34* a 1* 7 1* 1. 0Z 7 4 
43 Colville 15 -.22 0. 14 -. 14 7 a 6 a -.76 7 0 
44 Port Angeles 22 0.19 0.19 0.39* 16 6* 16 :5* 4.56* 14 3 
52 Kamloops :s 0.06 0.62 0.04* 3 2 4 0 0.a9 1 0 

------------------------------------------------
1. 
LEGEND 

* 
N 
R fd 
R. E. 
SIGN 
SIGN 
~ROD 
df 
# 

• Signi~icant result 
a Number o~ years o~ independent data used 
~Correlation Coefficient of first differences 
= Red1.u:t ion of Erl""or statistic 
= Sign Test. + = agre•ments; ~ dis.greements 

fd • Sign Test on first diff. + • agreements; - • disagreements 
MEAN • Product Mean Statistic. 

• Degrees of Freedom on Product Mean ~t•tistic. 
a Number o~ statistical tests passed <exeluding RE> 

at the ~5% test level. 



1 
APPENDIX 2• TABLE 3 

Ve~ification results for the 3 individu.al temperature 
stations that make up the Pasco Basin Region 

N R R fd R. E. SIGN SIGN 1'd PROD .. 
+ + MEAN df ------------------------ ------

MODEL WINTER :SI 16IM 77 Temperature Grid Region 1 
62 Baker 11 0.02 0.62+ -1. 19 :5 6 7 3 -.70 4 1 
66 Spokane 19 0. 50* 0.45+ 0. 11+ 13 6 9 9 0.67 6 2 
69 Walla Walla 26 0.36+ 0. 13 0.10* 19 9• 12 14 1.30 11 2 ------------------·-----------
MODEL SPRING 
62 Baker 
68 Spokane 
69 Walla Walla. 

16BM 16I 16IM 
11 0. 15 0. 24 
20 0.16 0.52* 
a9 0.20 0.54+ 

77 Temperat •.tre Grid 
0.02* 6 s 5 5 
-.21 10 10 15 4+ 
-.16 16 lZ 21 7* 

Region 1 
2.37+ :5 1 
0.90 9 2 
1.16 14 2 

------------------------------------------------------------
MODEL SUMMER 9TISF 7TISF1SF ST15FMF 77 Temp. Grid Region 1 
62 Baker 12 0.60+ 0.6'9+ 0.3:5+ 7 :5 9 2* l. 87 6 3 
66 Spokane 20 0. 38+ 0.46+ -.00 13 7 15 4* 0.67 10 3 
6'3 Walla Walla 2"3 0. :54+ 0.38+ 0.33+ 22 7• 19 9• 2.74+ 17 5 -------- ----------------
MODEL AUTUMN lSIMl7FMF 77 Temperatur• Grid Region l 
62 B.aker 12 0.66+ 0. 63+ 0.3a* 7 s a 2 a. 16• 6 3 
68 Spokane 2:0 0.51+ 0.53* 0.07* 14 6 11 7 0.41 7 2 
69 Walla Walla 29 0.35* 0.344 0.02* 17 1Z 16 9 0.43 13 2 

MODEL ANNUAL ANNREC67'3 77 Temoerature Grid Region 1 
62 Baker 11 0.46 0.75• 0.09* 7 4 9 1* 1. 36 6 2 
sa Sj:iokane 19 0.52* 0.604 0.0:5* 13 6 14 4* 1.26 9 3 
6'3 Walla Walla 26 0.52* 0.4a* 0.32* 20 S• 19 7* 2.'35* 17 s ----------------------- ---------------

1. 
LESEND 

• 
N 
R fd 
R. E. 
SIGN 
SISN 
PROD 
d1' 
# 

~ SigniTicant result 
= Number of years oT ind•pendent data used 
= Correlation CoaTfieient of first diTferences 
= Reduction of Error statistic 
~ Sign Test. + • agreaments; ~ disagreements 

fd ~ Sign Test on first diff. + = agreements; - ~ disagreements 
MEAN ~ Product Mean Statistic. 

~ Oegr•es of Freedom on Product Mean statistic. 
""Number of statistical tests passed <exc!1.1ding RE) 

at the '35% test !~vel. 



1. 

1 
A~PENDIX 2: TABLE 4 

Verification results for the 3 individual precipitation 
stations"that make up the Paseo B•sin Region 

N R R fd R.E. SIGN SIGN fd PROD * 
+ + MEAN df 

-------------------------------------------------------------
MODEL WINTER 
27 Lewiston 
64 Baker 
84 Colville 

SI 6IM 
34 0. 08 
11 0. 4a 
17 0.3~ 

-.05 
-.0a 
0.43+ 

96 Precipitation Grid 
0.06* 1a 16 17 16 
0. 26* 10 1* 3 :5 
0.09* 1~ ~ 10 6 

R•gion 1 
1.'97• 32 1 
3.01* 9 2 
121.43 7 1 

---------------------------------------------------------
MODEL SPRING 
27 Lewiston 
64 Baker 
84 Colville 

MODEL SUMMER 
27 Lewiston 
64 Baker 
64 Colville 

9IM 10MBIF 
34 0.24 
11 0.36 
19 0.46• 

16F 6FFF 
33 0.33* 
12 0. 54• 
20 -.05 

0.27 
0.39 
0.39* 

0.27 
0.49 
-.14 

96 Precipitation Grid 
0.02* 23 11• 20 12 
0.06* 7 4 6 4 
0. 1 9+ 11 8 11 7 

96 Pl"'ecipitation Grid 
0.12* 25 10* 1a 16 
0.27* 9 3 6 3 
-. 15 11 9 1121 '3 ------------- ----

MODEL AUTUMN 3IMF 3FMF 96 Prec:ipitat ion Grid 
27 Lewiston 33 0. 10 -.30 -. 15 19 14 10 22 
64 Baker 12 -.04 -. 35 -.07 7 5 3 6 
64 Colville 19 0.21 0. 16 -. 14 9 10 9 9 

Region 1 
-.26 32 1 
0.52 5 0 
1.60 10 2 

Region 1 
1. 24 33 2 
2.49+ 6 2 

-1.04 a 0 

Region 1 
0.34 31 0 
-.53 4 0 
0. 36 6 0 -----------------------------------------

MODEL ANNUAL ANNREC679 96 Precipitation Gr"id Region 1 
27 Lewiston 31 0.34• 0.40* 0. 11* 20 11 16 14 1. 29 29 2 
64 Bak•r 11 -.10 -. 17 0.09* 6 3 ~ ~ 0.22 3 0 
84 Colville 15 0.12 0. 1121 0.01* 10 5 6 a -.02 5 0 

LEGEND 

* 
N 
R fd 
R. E. 
SIGN 
SIGN 
PROD 

= Signi~ieant r"esult 
= Number o~ years o~ inde~endent data used 
• Correlation Coef~ieient of first differences 
= Reduction of Error statistic 
= Sign Test. + = agreements; 

fd = Sign Test on first diff. + = 
MEAN • Product ~ean Statistic. 

= disagreements 
agreements; - ,.. 

df = Degrees of Freedom on Product Mean statistic. 

d i sagreernent s 

* = Number of statistical tests passed (excluding RE) 
at the 95" test leveL 



Winter temperature 

1 a/a9/84a9 .25. 46 .REG! ON lHNTERTDENRT 7i5TI+16TIM 1 12 2 65 1662 361 
16a8-999.99-999.99 1. 75 -a. 51 6 .a9 1.24 3.ae 9.28 1.84 -6.68 
161a 3.88 1. 79 a . a 1 1.38 -3.24 6.89 -a .3a 1.14 9.88 -1 .B6 
1629 B .17 -1 • 31 -2.33 -9.68 -2.87 -1.33 -9.62 -9.35 -1 .69 -9.51 
1639 -9.27 2.99 2.25 -1 • 51 1.21 6.75 -9.35 2.31 1. 51 2.63 
1649 0. 99 3.15 1.72 2.24 1.51 2.63 2.42 2.29 3.79 1.84 
1659 3.68 1.84 -8.67 1.98 -9.49 -2.92 8.83 9.28 2.43 3.17 
1669 3.82 4.63 1.28 5.86 2.39 2.93 3.35 9.65 8.35 1.78 
1679 1. 75 2.45 -a .18 1.37 1.96 4,89 -9.34 -9.99 6.73 2.97 
1689 9.94 2.43 1.88 1.88 1.68 2.97 2.65 -9,14 1.53 2.11 
1699 3.17 -2.24 9.74 a.35 -9.72 -9.92 9.83 9.29 -1.16 9.93 
1799 -1.55 -2.97 9.27 -9.51 -9.83 1.35 1.39 1.14 2.63 -0.49 
1719 2.59 -1. as 1 .as 9.51 -0.43 1.98 a .so 2.99 1. 11 2.25 
172a 2,97 3.46 2.93 3.68 9,34 -0.36 1.93 1. 15 -0.91 -1.79 
1736 9,98 9.46 l.23 -2.77 -2 .11 3.23 -a .62 6.95 -1.55 1.22 
1746 1.69 1.12 1.58 -6.46 4.91 4.37 2.84 1.87 9.65 2.21 
1756 1. 98 B. 51 9 .19 -3.17 -9.31 1.94 -1 • 31 -1 • 91 1.99 1.49 
1769 9 ,41 1.68 -1 .35 -1 .97 -1 .11 1.14 -2.94 -2.56 1.14 -a.59 
1779 1.45 1. 91 3.46 1.84 1.99 9.95 a .1 a -9,63 1.96 -1.52 
1786 2.16 6.44 9.48 9.38 9.89 1. 91 2.69 -9.19 1.62 1.42 
1799 6.32 9.47 a.73 2. 14 a.33 6.98 -2.17 9.65 3.46 1.89 
1866 2.54 4.24 -6.33 1.96 4.38 -9.65 2.37 -1 .52 1.58 9 .46 
181 B 9.58 -2.86 9.69 !. 72 a. a8 -3.66 1.24 -1 . 1 3 1.27 -1.27 
1826 -9.78 -1.14 -1.33 9.83 1.47 1.96 9.25 9.72 B.9i -2.85 
1836 -1.55 -1.27 1. 71 9.69 6.35 9.22 6.38 9.73 9.28 -1.42 
1849 9.99 -3.39 1.28 -2.85 -3.54 1.66 -3.11 -9.38 -e. 76 -4.18 
1856 -6.39 1.89 -9.46 -9.2'5 -a .55 3.22 -3.22 3.12 -2.27 -9.96 
1866 1. 11 2.29 -3.49 1.23 2.33 6.93 -6.81 -9. n -0.64 4.35 
1876 -2.26 -0.21 -a. 74 6. 61 -2 .t e 1 .36 -9.96 9 .14 1. 46 2.31 
1889 -2.84 9.28 -0.32 -1.22 -6.55 2.63 2.18 2. 76 -9.73 -9.79 
1899 -6.51 4.94 1. 99 9.85 2.94 -8.57 !.56 2.17 -'3.62 -1 . 99 
1 91313 1. 73 1.98 3.88 0 . 12 1. 98 2.'53 9.25 2.29 2.04 -a. 53 
1 91 e 9 . 14 -a.59 -9.66 -2. 1 4 -2.31 -e. 1 s -2.47 -4.65 -o. t5 2.25 
1920 -9.68 -6.86 -1.74 -9.71 -a. n -2.36 !.95 -9.75 a. a3 -3. 7'5 
1939 -a.a7 -a. a4 -1 . 60 -1 • 72 1. 40 -0.23 1 . 1 4 -2.15 -0.36 -0.44 
1940 e . 41 1.85 B. 74 2.22 -a . 1 a 1. 11 2.21 2.03 -1.27 -4.55 
1 9'50 -3. 14 2.39 -2.45 1 . 16 -0.39 -3.17 2.39 -1. 6? 2.21 2.37 
1?63 -9.32 2.99 -1.75-000,90-?99,?9-999.99-~90,99-0?9,99-9?9,99-999.99 



Spring temperature 

19/99/8499.27.27.REGION SPRINGTDEPART 77168M16I IM 1 3 6 65 t6a2 361 
1698-999.99-999.9Y -1 0 41 -1.18 a.46 2.27 3.25 2.85 -a .34 -a.a7 

tot a -a. 41 -2.58 -1 .89 -! 0 a4 -a .11 -2.37 -2.95 -3.51 -1 0 85 -3.86 

162a -1.18 -1.17 -a.85 a.26 9.42 -o. 41 -a.53 a.32 -1.32 -a.63 

163a !. 73 a.47 a.39 -a .39 a .9a a.43 !.92 2 .!2 3.12 a.64 
1649 -0.44 a.47 2.aa -o .54 -1 .23 a .o2 -a.05 1.87 1.33 9.52 
1659 2.93 0 0 35· 1 .85 1.51 0.28 1.64 2. 16 a.77 1.01 2.55 
166a 2.25 2.7i a.59 2.6a 3.7a 2.69 1. 76 9 .!7 2.12 a.96 
1679 -a .25 9.14 -1 0 32 -2.47 a.sa -1.99 -1.96 1.53 -1 .35 0.57 

168a -0.12 1.36 1.09 t.4a a. ?a t.a2 0.64 3.a3 1.20 1.83 

1690 1.69 -o .1 a t.4a t.ao 0.39 -1 .43 -0.99 a .57 -a.97 9.79 

179a -1.51 a.66 a.59 1.32 t.a2 1.57 1.19 1.37 2.12 -a. 61 

1 71 a -1 0 66 -1.58 -0.89 -1.42 -2.47 -2.15 -a .sa 2.97 2.57 -o .13 

1720 1.99 -a.33 -a .41 1. 41 -1.79 a.87 -a.at -a. 91 -a .38 a.aa 

1739 a.a9 -a .a4 -1 0 a8 -2.a9 9.a2 -1 .a2 -0.82 -a.39 1.44 1.53 

174a 1.13 1.45 9 .29 a.o7 2.12 1. 74 a.39 -a .67 1.45 1.06 

1759 -a .94 -a.33 -1 .64 -o .79 -1.37 a.ss a.75 a.8s a.94 3.28 

1760 a.S3 -1 0 a3 -1.89 -1 .a6 -a .o9 -a .92 -a.26 -a.24 8.76 a.66 

1770 -e .96 -1 0 43 a .31 -1.16 9.47 -1.84 a .3a 1.08 -2.83 -r .87 

1789 a .1 a -9.53 -a.76 -a.54 -1 .as -1 .a6 -a .3o -2.52 -1.26 -0.75 

179a 9.89 2.79 1.76 2.34 1.53 1.83 1.54 8.29 1.52 0.94 
!8aa 2.98 0 0 13 0.09 1.99 a.23 -a.57 a .za 9.22 2.86 2.49 
1 81 0 0.68 0.68 2.82 1.77 0.57 1. 76 0.69 a .51 0.99 !. 1 0 
1828 0.43 1.42 1.96 2.13 2.15 1.68 a .12 9.49 1.95 -a .8a 
1830 -6.54 0.33 9.22 -a.08 a.a8 a.43 !.59 1.04 a.75 -a.45 
184a -a .o5 9. 95 0.67 a.45 a.37 -a.53 -1 0 71 a.2a 2.25 -1 0 32 
1950 1.05 3.47 0.98 -9.42 0.45 1.45 -0.38 1.29 0.38 !. 41 
!96a 2. a 1 2. 51 3 0 11 3.87 3.00 4.95 2.23 2.30 2,44 2.29 
1870 1.¢1 -0 0 56 0 .OS 0 .15 -9.57 -0 .15 a. a 1 o.a5 -0.33 -2.30 
1880 -2.21 -0.84 -1.93 -a. 79 a.sa -a.86 -1.99 -8.24 -2.97 0.29 
!S9a -9.61 -1 . 35 -8.82 -a .17 -8.27 a.37 a. 74 2.22 -1 . 6i -1 .81 
19ae -9.22 -a .85 -! .86 -0.95 -9.39 -0 0 11 -8.39 -0.49 -a . ze -8.92 
1 91 a 1.49 0.48 -8.96 0 0 45 -0.33 -0.28 -2.54 -!.62 0.47 I. 99 
1929 -1 . 76 -13.23 o. 1 a 1.53 0 .11 1. 31 2.35 0 0 !4 0.92 8.52 
1930 1.98 1.87 -0.07 o.oa 2.85 -0.55 13.35 !L9S 13.57 1. 97 
I94e 1.28 1.28 -13.44 -a.34 -0.55 -a. a4 -9. 18 8.97 -e .98 -0.47 
19'51} -1.5" -e .68 -0.49 -1 0 85 -1 .23 -2.79 !3.52 0.33 -0.42 0.32 
1960 -a.04 1 0 74 -e. 25-999.99-999.99-999.99-999. 99-9Q9. 99-·?99. ·?9-999, :~,~ 



Summer temperature 

19/39/8499.29.26.REGION SUNNERTDEPAP.T 7771F9F8FMF 7 8 65 1682 361 
lOlB-999.99-999,99 -0 .a3 9.78 a .a9 -9.49 -1.97 -1 .23 -I . 59 -e .13 

1613 -e .21 -I . 44 -I. 97 -1. SB a.47 a.88 9.92 t.a3 1.68 1.22 
1629 r.73 0 .96 1.98 -9.23 a.34 9.99 9.78 !.II !.52 !.88 

1633 1.12 1.98 1.96 a.72 1.86 1.67 9.49 !.53 2.39 !.64 

1649 1.17 9.53 9.85 3.98 1.47 9.33 1. 7'5 -0.14 a.37 a.89 

1653 9.72 9.74 9.46 -2.91 -0.71 a.87 1.47 1.43 1.63 1.23 

1669 1.87 9.99 2.61 1.98 0.22 9.83 -9.72 -2.65 -1.94 -1.63 

1679 -0.88 9.94 -9.94 -9.35 9.32 0 .1 0 -0.21 I.e! 9.88 !.29 

1689 -9.57 -0.95 9.66 -9.49 -I .19 -0.53 0.14 9.79 -9.22 9.42 

1699 9.28 9.88 -9.73 9.91 9.99 1.13 -0.18 -I. 51 -0 .st -I. 68 

1799 -!.65 -1 .1 0 -1.69 -0 .t7 1.89 -9.27 9.41 0.e8 8 .t4 -9.24 
t7t a -9.66 -8.83 -9.54 -9.37 -0.84 -0.81 9.35 !.59 2.54 !. 93 

1729 2.33 1.93 2.31 8.69 -9.49 !. 75 -9.25 -1.18 -9.38 -a .43 

1733 -9.34 8.26 -1. as -I. 4a -a.48 -a.44 3.49 -I .44 -9.65 0.54 

1749 -9.24 -9.89 -I .13 -9.55 9.66 -0.26 -0.69 -0 .t3 9.22 -9.27 

1759 -I .21 -9.42 -1.66 -I .14 -I. 71 -0.59 9.94 -9.65 -9.35 9.75 

1769 -9.24 -1.36 -9.75 9.27 -e .49 9. 79 -I .62 9.97 9.16 -9.91 

t77a !.96 2.53 9.85 !.53 a.39 -9.34 -9.57 2.1 a -9.74 3.49 

1789 9.44 -I .27 2.38 2.62 1.92 !.62 9.88 -0.59 -0.89 -2.19 

1793 -9.62 1.65 9.95 !. 78 1.45 1.85 1.65 a.92 2.93 0.aa 

1888 1.59 8.28 -0.44 1.42 -8.78 -9.48 -2.51 -0.68 -3.92 -9.31 
!BIB -1 . 79 -t .sa -0 .at -I. a6 -1 .12 -8 . 11 -8.35 9.26 -1 . 57 -4.85 
!82a -1.65 -2.a3 -2.96 -1.16 -0.06 -I. 42 -1.53 -8.29 -3.69 -a .53 

1838 -0.77 -e .t6 -1.29 -8.21 8.57 0.24 8.72 1.35 8.53 9.62 
1849 -1.18 -9.38 9.49 1.44 -1 .69 9.94 -8.82 -1.36 9.93 -0.27 
1853 -a .t 7 a.26 9.a8 -1.36 -1.19 -2.29 -13.56 9.33 a.37 -3.59 
1869 -2.36 -1.34 -I. 79 -0.69 -1.35 -0.45 -1 .43 -a.55 8.34 a.48 
I 879 -I. 83 -0 .4a -I. 79 -1.96 -0.54 -1.1 s -2.1 a 0. 72 -I. 47 -2.98 
1889 -2.43 -I. 36 -1.37 a .t3 9 .15 a.62 9.23 -8.25 8.32 !.56 
1890 !. 9 1 1.:3:2 -a.ta -1. ()9 -e. ~9 -9.28 9.48 -1.18 -e .89 -t . 82 
1999 -6.72 -1 . 94 -1.16 -0. 8t -9.36 9.63 8.26 -0,99 9.33 -8.25 
1 91 e -0. st -2.96 -2.77 -2. 11 -1 • a 0 -9.75 -1.64 1.96 -0. 71) !. 31 
1 ~29 a. 7o 9. t6 9.22 1.35 9.29 9.79 1.27 9.43 0.33 2.04 
1939 1.72 1.16 -9 .t9 9.68 1. 42 3.37 1.28 9.32 -e . n B. 24 
1949 t. at 9.57 9.45 -0.86 1.21 e . 31 9.97 -1 . 15 -9.73 -13.59 
19513 13.94 -e . t 9 9.23 -e. 72 -1 ,94 -1 • 1 7 -9.36 9.43 0.88 -€1.44 
1960 -a . 41 1.30 -8.40-999,99-999.99-999,99-999,99-999.99-999,99-999,99 



Autumn temperature 

I 0/99/8499, 33.36. REG! ON AUTUNNTDEPART 77!8!MI7FNF I 9 II 65 t6a2 36a 
!6aa-999.99-999.99 -a.43 -a .27 -a.67 -a.a6 a.46 9.12 -a .1 a -a .sa 

• 161 a a.6a -1 .a4 -1 .17 -a.23 -a .27 -a.46 -a .12 -a.33 -a.as -a.78 
162a -a.as 9.27 -2.25 -a .51 -a.96 -a.94 -a.aa -a.35 -1.15 -a,96 
163a -l.a2 -I. 89 -a.93 -1 .as -2.67 -a.S9 -1 .87 -a,68 -I. 93 -1.15 
164a -2.22 -I .47 -1.15 -a.99 -a .9a -a.69 -a.sa -a .75 -I. 48 -a.26 
165a -1. 4a -a.a4 -a .9a -a.8B -1.46 -a .11 -a.46 -a .st -a.56 -a.25 
166a -a .sa -a.45 -1.72 -a.54 -a.77 -a.aa -a .sa -a.69 -a.a7 a .3a 
167a -a.6a -a.a1 a.38 a. a 1 -a .77 -a.46 a.a5 -a. 21 a.a9 -a.38 
!68a a.21 a.4S a .75 a .19 a.24 -1.91 -a .a! -a .12 -a.54 -a.a7 
169a a.44 -a .87 a.92 a.ss a .83 -a .16 -a.47 -a.56 -1. as -a .2s 
17aa -a .42 -a. 96 -a. n a .4a a.a9 -a .98 -a.49 -a.78 a.s7 a.ae 
I 71a a.63 -a .31 a .17 a.67 -a.56 -a.38 -a.54 -a.s4 -a .12 -a ,94 
!72a -a .97 -a.79 a.45 -a.4S -a.26 -a.2a -a .19 -a .21 a.2s -a .41 
rna -a .47 a.a3 -a .0s -a. 76 a.44 a.25 -1.17 -a .16 -a. 61 -a .6a 
1749 -a .48 -a .as -a .02 -a.42 a. t4 -a .4a -a.87 -a.2s -a.aa -a.48 
175a -a .at -1.26 -a .32 -a .S6 -a .s1 a.s2 a.4a -a.74 -a.28 a.82 
176a -a .79 -9.76 a.25 -a.49 -a.87 -a .sa -a.93 -a.s5 -a .a7 a.aa 
177a -a.41 -a.46 -a.65 -a .!4 a.a6 -a .64 a .12 -a .1s -a.s9 -a.46 
!7Sa -a.6s -a .s4 a .a4 a.as -a .84 -a .21 a.28 a .11 -a.at -1.S7 
!79a -a.s3 -a.57 -a .sr -a.73 -a .89 -a.96 -a. 71 -a.47 -a .62 -a .6a 
1 Sa a -a.a4 -a.85 -a .19 -a .t9 a.25 -a.ae a.57 -a. 21 a .sa -a.S9 
181 a -a .17 -a.36 -a .26 -a.99 a. !2 -a .94 a.a3 -a .sa -a.28 -e. 61 
1820 -a.S4 -a.S6 -a .42 -a .61 -a .77 -e .rs -a .a6 -a.82 a.a9 a.64 
!8Sa 9.21 a.as a.73 a.47 -1. a6 -a .44 -a .2a -I .as -a. sr a.as 
1 S4a 0.6S -a.s8 -a.S4 a .32 9.25 a .18 a.75 3.26 9.57 9.S6 
I S5a a.49 3.62 -a.as 9.43 a.ss -9.28 -a.ea a.e5 a .2a -9.92 
186a -9.32 -a .!4 a. 12 -a .89 -a.S4 -a.49 a. 12 9.92 -a .2s 9.87 
1879 -a. e1 -a .2a a.56 a.92 a.39 -a. 31 9.57 -a.44 a.58 -a. 7a 
!S8a a.48 -a .S6 -a.34 -a .12 a .1a 0.87 a.26 9.22 0.44 a.94 
1899 0.37 a.47 a.s• -e. 7a a.34 -8.78 -9 .s7 9.28 -9.46 -9.23 
190a 0.31 a.33 -9.25 e .31 a.69 a .16 -a.73 9.27 e .e4 0.69 
1 9t a -a .50 -a.89 9.46 -9.92 a.32 -8.46 -e .16 0 • 16 -e .37 -a .e7 
1929 a .12 -a. 31 a. t4 -a .14 -o .14 -I • 0 I -0.54 -a .as -9.21 -a .12 
1939 -8.28 a. 1 9 -a. 7B a.4S 0.53 -a. as -a .14 9.25 0.37 9.13:8 
1943 -a .!5 a . 13 a. II a.47 a.:a -a .t3 -a. 79 -a. 13 a • 1 1 e.as 
1950 -1 . (!:'? -9.96 a. 28 I .11 0 .30 -9.45 -a .31 -13.23 -e .99 -9.34 
1969 -9.59 -9.28-999.99-999.99-999.99-999.99-999.99-999,99-999.99-999,99 



Annua 1 temperature 

1 8/89/949 9, 35 .13. REG! ON ANNUALTDEPART 77AM<REC679 12 11 65 1692 363 

• !699-999.99-999.99 -e. t4 -e .46 a.a3 a. 77 1. 77 a.58 8 .a3 -a.6t 
1 61 a a.95 -9,92 -1.25 -9.31 -9.93 -9.53 -9.93 -8.79 -e .t3 -1 .54 
162a -e .2a -a.65 -1.25 -e .25 -e. 76 -9.69 -a .4e a .12 -e .9a -13.26 

1639 9.44 a.52 a.64 -9,66 9.23 a.38 -e .t3 1.37 1.28 a.s6 
1649 -9.29 a.67 a.95 8.64 -9.04 a.S4 a.74 9.99 1.08 a. 72 
1659 1.66 a.69 8.31 9.45 -e .st -a.07 e.85 a.44 t.aa 1. 78 
1669 1.69 2.14 a .5e 2.17 1.67 1. 74 1.19 -6.46 a.45 a.S7 
1679 6.66 6.66 -6.39 -6.54 9.51 9,23 -6.76 9,69 -9.99 6.81 
1686 9.14 1.16 1.13 9.92 9.37 6.29 9.96 1.97 9.61 1.19 
1699 !.51 -e .69 6.54 9.79 9.33 -9.34 -6.25 -9 .12 -9.95 -6.97 
1786 -1.27 -9.95 -e. 21 9.38 9.33 6.57 9.68 9.56 1.48 -a .34 
1 71 9 8 • 1 5 -1 • 61 -6.67 -6.24 -1 .21 -6 .6s -6.12 1.66 !.53 e .66 
t72a 1.32 6.88 1.99 1.40 -6.63 a.46 6.17 -e .27 -9.35 -9.62 
1730 9.36 0 .t6 -6.24 -1.81 -6.49 0.46 -0.64 -6.17 -6 .t7 0.76 
174a 6.62 8.62 6.28 -6.29 1.85 !.53 9.52 9 .16 9.49 9.74 
1759 -9.22 -6.36 -6.86 -1.39 -6.95 0.43 0.03 -9.49 9.43 1.77 
1769 9.15 -0.34 -1 .63 -6.79 -9.61 9. 8 1 -1.19 -e .a9 9.55 3.27 
1779 9.56 0.39 0.93 8.29 9.69 -9.59 0.06 3,53 -a .42 -1.96 
1789 9.49 -6.36 9.26 9.36 -9 .2e 9.35 9.?9 -9.94 -e. 15 -9.59 
1790 8 .14 !.!9 9.89 1.43 9 .61 6.69 9. 07 0. t5 !.55 a .n 
1800 1.85 9.94 -0.18 1.33 1.09 -8.66 0.39 -e .46 0.98 a.78 
t8t 0, 0.03 -0.82 a.89 0,68 a.05 -9.57 a.49 -9.27 0.32 -a. 77 
1829 -8.53 -a.36 -8.42 8.57 9.87 a. i7 -0. t7 e. 1 a -e.8t -e. 90 
1839 -9.64 -9.22 a.49 9.21 -e .06 a .13 0.68 9.29 3.29 -8.39 
1849 -9 .a3 -1 . a 1 0. 41 -9.25 -9.98 8.14 -1.30 -0 .t9 e. 71 -1.44 
1 sse a.37 0 .B3 3.23 -0.33 -a .19 0.83 -1 . 04 1. :28 -8.33 -8 . 1 a 
1860 9.47 1.13 -6 .11 1.26 1.15 1.46 0.34 9.48 e .65 2.12 
187a -9.33 -9.38 -0.32 8 . 11 -a. 7t 0. a 1 -0.22 a.ai 0 . t3 -0.72 
18911 -1.74 -9.47 -9.96 -9.55 a.22 a. 7o -a.o: -0.39 -8. 7t 9.39 
1899 -0. a7 0 .9e 0.34 -a .20 \l. it -8.26 a.-56 1.16 -0.96 -1 . 2:2 
198a e .32 -e. 11 e. 1 e -9.35 a.48 0.74 -a. t7 0.32 0.50 -a. 3t 
19IG a .32 -e.ss -8.83 -0.74 -a .77 -9.37 -1.77 -1 .34 -0.99 1. 43 

1929 -9.69 -9.34 -0.34 0.52 -a .t4 -9.27 1.12 -e .28 0.32 -0.45 
1930 0.86 8.85 -3.63 -a .21 1 .67 -9.24 0.58 -a . 1 a 0.97 0.62 
1949 a.66 1. at 8 • ts a.42 a.a7 0.28 8.45 0. 61 -0.72 -1 '3~ 
1 ''50 -1 '41 0.33 -8.67 -a .17 -a. 75 -2.93 a.63 -9.29 a.54 (1.54 

1960 -a .31 1 .25-999.99-999.99-999.99-999 '99-999 '99-99Q. 99-~99 '99-999. 9·t 



Winter precipitation 

18/89/8489.12.58.REG!ON W!NTERRDEPART 965! 6!M 1 12 2 65 1602 361 

• 1608-999.99-999.99 8.27 -8.13 0.25 8.53 -8.23 -8.61 -e. 84 -J.38 
1618 8 .16 8.88 -8.24 -8.44 8.19 -8.82 -a .02 8.38 -8.26 -8 .17 
1628 -8.85 8.12 8.14 1.89 8.65 8.98 8.81 8.33 8.84 8.23 
1638 8.83 8.62 8.85 8.58 8.32 8.56 1.27 8.81 1 . 81 8.49 
1648 8 .14 8.67 a.54 a.2? 8.46 8.53 -8.34 9.37 -a.22 -a .35 
165a -a .88 -a.92 a .18 -8 .3a -a. 51 -8.59 a. a7 a. 77 8.48 a .48 
166a 8.88 a.a2 a.51 a.38 a.65 -8.54 -a .1 a -a.82 1.97 -8.43 
1678 -a .20 8.21 a.s2 a.24 a .12 -0.81 -0 .a4 -8.35 0.32 0.68 
1688 -8.83 -a.a7 -8.68 -8.76 -a .15 8.77 -8.27 -9.28 a.37 -0.44 
1698 -a .52 -8.42 -8.48 a.86 -8.28 a .1s t.a5 a.59 a.26 a.48 
17a8 8.78 -a.43 a.68 -a.39 a.68 0 .2a -1.81 a .18 8.29 -0.86 
1719 -a.5a -8.36 -8.22 -a .14 -0.16 a .41 a.26 -a .a2 -a.46 a • a1 
1728 -8 .4a -8.54 -8.23 -a .12 0 • 16 -0.35 -8.58 -a.37 8. 19 a .14 
1738 a.63 a .17 a .13 a.59 a .16 a .20 -0.51 -8.25 8. 83 a.aa 
1748 8.58 a.32 8.36 a .2a a.22 a.23 -a .27 -a .88 0. 11 0 .a8 
1758 a.29 -8.a1 a.95 8.64 -a.23 0.13 0 .14 8 . 41 a .33 -8.47 
1768 8.83 -8.19 a .88 a .48 a .1s 8.48 -0 .3a 8.47 8.53 -a .28 
1778 -a.57 -8 .11 a. 78 8,66 8.55 8.64 -a.37 -a.26 a .85 a.4? 
1788 8.19 a.38 8.83 -8.32 a.35 a .51 8.35 9.92 -a .85 a .12 
1798 8 .13 -8.17 -6.26 -a .39 a .19 8.22 a. 31 8.?8 9.46 8.16 
188a -a . 10 8.57 -e .15 0.14 a.65 a • 15 a.87 -8.63 -0.25 -8.78 
181a a .16 -a.a6 -8.48 9.23 a .15 -9.29 -8.34 -a .15 13.72 8 .sa 
1829 -a.28 -a .21 a .13 -0.15 a.aa -0.29 9.26 -a.66 -0.25 -1.18 
1 83a -9.32 a .38 a.69 -8,43 -0.51 -8.14 9.42 -8.18 -B.@i -8.89 
1848 -0.87 -8.83 a.55 -0 .1s -8.29 -8 .as -8 .18 a .33 -a.36 -a.52 
1858 -8 .13 a.a9 8.25 8.34 -e.3a -9.55 -8.87 -a .32 -8.54 8.85 
1869 a.54 e .sa -8.22 a.a3 -a .97 -8 .a9 -e .12 -e. 31 -13.21 -8.67 
1878 -a.33 0 • 01 a.43 -8.51 -8.?9 8.88 -8.19 -1 ,133 8.89 0 . 1 0 
1888 8.84 9.02 -9.99 a.84 0 . 16 9. 21 0 . 14 0. 31 -a .14 -0 .19 
1898 1 . 13 1 0 . 31 8.26 1.87 0.29 8.38 8.36 8.35 -8.69 8.39 
1988 0 .16 a.34 8.28 -9.42 8. 51 -8.56 -e .13 a. 12 0. 97 0.45 
1918 8.82 -0.1? -8.68 -8.39 -0. 16 -8.71 0.38 a .135 0.46 -0.37 
1929 -a.48 a • 18 -8.17 11.12 -8.42 8.28 -9.28 -13 .:N -a .18 -13 .16 
19J9 0.05 -0.56 a. 14 -e . 1a 8.34 -8.82 0.37 0.132 ;) . 42 -8.85 
1940 a .12 -a . 7:3 -8 .16 8. 16 -8.68 8.84 8 . 18 -13.93 -!).87 -13.78 
1 9513 a. 11 9.54 9.23 e. 42 9.136 -o .83 0.33 9.45 0 . 18 a • 1 0 
1960 -8.28 -8.38 a .32-999.99-099.99-999.99-999.99-999.99-999.90-999. 9-;· 



f 

Spring precipitation 

1a/a9/S4a9.18.24.REGI~4 SPRINGRDEPART 9613MBJF9JM 1 3 6 65 16a2 361 

• 1600-999.99-999.99 2.94 -a.53 0.41 -o .47 0.64 -a .20 a.78 0 .3a 
161a 1.50 1.23 o .3o 1.67 co .41 1.52 a.92 2.55 0.90 2.02 
162a -a.S1 0.6a -0.93 -2.65 -9.94 -9.75 -1.57 -1 .ao -a .26 -0.92 

1638 -1 .93 a.S5 -9.64 9.79 -9.73 9.19 -a .7o -1.36 -1.86 -1.52 

1649 -9.42 -9.45 -1.38 -9.55 -o .a2 -9,93 -e .t9 -r .52 -8 .61 8.89 
1658 -9.18 IL22 -2.88 -8.58 -9.43 -9.72 -a .17 -9.89 a.44 -9.76 
1669 -9.17 -9.38 -a .14 -1.18 -2.14 -9.69 0.76 -1 .28 -1.53 8.1 s 
1678 9.92 -9.16 9.79 1.28 -9.16 1.34 8.18 8.86 t.a7 -1.13 

168a a .89 1.19 -8.88 8.a4 -1.26 -1.94 -9.94 -3.44 -8.77 8.2a 
169a a.86 -a .42 -a.55 8 .2a 9.47 -a. 51 -8.13 8 .3a a.91 -9.39 
179a 1.39 -1.15 a. 79 -a.66 -a.49 -1.83 -a.a6 -9.12 -I. 49 8.85 
1719 -9.93 a.37 -a.a2 9.96 -a .24 -9.92 -a.08 -1 '~2 -a .2s 1. 8 1 
172a -9 .11 1.09 1.42 9.82 a.a6 -9. 14 9.53 1.27 -1 • 21 -1.32 
1738 -1.43 a.56 8 .6a -9.a6 -9.47 9.64 -a.94 0.38 -8.71 -1.27 
1748 -a .39 -1.38 -9.57 -9.78 -1 .41 0.a0 -0 .6a 0.25 -1.28 -0.a6 
175a a.38 -1.77 8 .6a -a.85 8. 11 9 .4a -1.71 -I .86 -a .45 -2.17 
1768 -a .45 1.86 8.38 0.36 -1.27 8.45 -a .13 -8.54 -9.44 8.a5 
1778 a .13 8.52 -9.26 8.38 a.91 1 :29 -1.25 -8.69 8.69 -9.58 
178a 0.51 -9.38 0.52 -9.39 8.63 9.52 8 .s9 8.29 8.05 0.39 
1798 -1.58 8.26 9. 31 -8.45 -a .78 -9.86 -1 .12 -0.03 -a .29 0.76 
1SOa -1.64 1. 51 -0.23 0.35 0.98 -9 .as a.44 9.23 -1.27 -0.43 
1 s1 9 -9 .49· -I • 41 -9.54 -a .60 0.46 -1.53 1. 11 -o. 15 -a. o 1 0 . 1 a 
1929 a .14 a.S4 -a.45 -a.49 -9.84 8.52 a.63 -0 .1 0 9.34 1.137 
1838 6.43 -a .s5 2.65 -9.55 -a .za 9.53 0.62 0.35 1.34 1.47 
1849 8.72 9.35 -1.a4 -9.57 9.15 8.36 -9 .11 -1.56 -9.85 9.39 
185a -9.69 -a .35 -1.99 -9.20 -0.74 6. 41 -0.89 -8.39 -9.57 -0.91 
1869 -8.34 -9.64 -1 . 81 -1.62 -9.96 -1 . 37 0.36 -8.44 -9 .41 -9.42 
1879 -1.22 -9.56 -9.47 9.21 -9 .19 -9.16 -a .12 1.37 -3 . 11 0 . 71 
188a -1.19 1.87 -a .12 0.68 -9.42 1.86 9.26 9.62 1.112 -8.78 
1S9a 9.4a 8.53 1. 97 -1 . 41 0.27 -9.54 -1.85 9.32 6.59 -1.24 
1988 0.86 a. 1 e 1.19 0.94 1.19 9.82 9.52 a .50 0.76 -13.22 
1910 -1.09 -0.45 a. 72 a . 41 -e .51 1. 1 a 9.69 -1 . 29 -8.87 -1 • 16 
1929 9.06 a .18 -1.13 8.3a -1.65 -o. 72 -G.S9 3.52 0.17 -e .60 
1936 -6.55 -6.94 9.06 -I .54 -1.23 9.39 -I .39 -13.25 13.59 -0.68 
1948 -a. 21 a.8s 2.78 9.26 a.so a. 77 9.29 13.72 1. 49 a . 51 
1950 a.ao a . to 0.53 e . 13 -e. i o a • 1 o -a .t? e .¢4 8.83 -0.513 
1960 -9.25 a. 11 -a . a 2-999. 99-999. 99-999. ?9-??Q. 99-~9?. 99-';199. ?Q-999. 90 



Summer precipitation 

1 a/09/8409 .19. 45. REG! ON SUNMERRDEPART 9616F 6FFF 7 3 65 1602 360 
16aa-999.99-999.99 -a .12 -a .IS e.a7 a.e9 -a .17 -e .31 -e .ts a .11 

• 1619 -a.45 -0.02 0.27 e . 31 e. t4 e. 21 a.2a -a .1 e a .12 -a.37 
162a e. 41 e.a9 -a .a6 e .12 a .20 -a .14 -a.a8 -a .16 -a .44 -a .39 
1630 -a .16 0.47 0.42 e ~ 13 0.3S 0.24 0.44 -a .19 0.29 a.a3 
164a a .19 0.72 a .30 0 .21 -0.07 0.09 -0.06 a .16 -a .u -a .18 
1656 -a .11 -6.66 -a.36 -a .17 -a .10 a.aa -a .02 -a .11 -a .o3 -a .29 
166a -e .12 -a.27 -a .34 -a .25 -a .34 -a.41 -0.01 0.24 a.28 a.aa 
167a o.a6 0.29 -0.33 -a.a2 -a.a3 a ,Ja -a.21 0.18 -0.27 -a .3a 
168a a .1 o -a.54 -a .61 -a .66 -0.62 -0.46 -a .39 -a.43 -a .26 -a .sa 
169a -a .47 -a .55 -a.a5 -a. 61 -a.69 -a.22 -a .02 e .17 -a.27 a.a9 
17aa -a.24 a.29 -e.aa -a.25 -a. 71 -0.73 -a.26 -a.a3 -a.sa -a.45 
1718 -a .4a -a .15 0.06 -a .45 -a .17 a.a6 -e. 51 -0.31 -a .18 -a .a6 
1726 -a .14 -a ,Ja -a.69 o.a6 -a .a6 -a.53 -a .a8 a. o 1 -a.46 -a .4a 
173a o.a4 -a.26 a.o2 a.e7 -6.23 -a.62 -e .45 a . 13 0.09 e.a6 
1748 -a .22 -a.22 a .a7 -a.2o -e .2s -a.o9 -a .16 a.a5 -a .21 a .22 
1750 a.o6 a.4a a.66 o.a2 9.32 -o .2a -a.43 -a.a3 -8.39 -a.27 
176a a.48 a .sa a.as -9.32 a.26 -a.43 0 .15 a.a6 -a.aa -a.28 
177a -a.24 -a.52 -a.23 -a.43 -a.32 -a.41 -a.26 -a.32 -a.34 -a .19 
178a -a.34 a.44 -9.54 -a.86 6.27 -a .38 -e .65 -a .11 -a.59 a.35 
179a -0.35 -a.24 -8.72 -a.34 -a.22 -a .16 a .12 -a . 1 9 -a.3a -0.96 
18aa -0.17 -a .1s a. 21 -0.19 -a .s1 a.25 -a.a3 -e .19 -e .13 -8.26 
1 s 1 e -a .12 a.a6 -e .n 8 .a2 -0.33 -a .2a -o .13 -O.a4 !3.'58 IL29 
1828 e.a8 a.42 0.3a -a .II a. Ia 9.22 -9 .a7 a .16 a.57 -a .45 
1839 -a .a4 e.a4 -a. II -a .59 -e .12 3.26 -e .a5 a .. 32 a.43 -a .15 
1840 e .20 -0.55 9.44 -e. 41 -e .34 -e .35 -a.42 -8.26 -e .4a -0.42 
185a -e .61 -0.69 -8.27 -a.2a -a. 78 -a.95 8.12 -a.42 -0.38 -a .a2 
186a e .13 -e. 12 -8.23 9.29 a • 11 9.33 8.47 -a. 31 -0.35 -a .49 
187a -a.42 -a .a7 -a .a4 -a .50 -a.33 a . 1 a -a .1s e.a7 -9 .a5 a.2a 
188a e .27 -9.21 -a .a? -a.3S a.a6 -a .20 -8.39 -a.52 -9.24 -a .19 
l89B -a .27 a. 1 5 -8 .3s a .19 -O.a2 -a. 13 a . a 1 0. 31 -8.33 e.so 
1909 e.2e e. a 1 8.29 9.77 -0.24 -a.a3 a.a6 9.96 a.09 -9.31 
1 91 e -a .1a a.36 a.s8 a. 71 a. 13 a.34 e."' 1 -0.39 -13.22 -a. 41 
192a 8.42 -a.43 0.05 -a .13 -9.29 -e .14 -8.28 9.39 -a. as -0.64 
1939 -0.38 -a. 51 -a .92 -e .97 -9.66 -a. 44 -a .15 -9.29 -a. 13 -9.39 
194a -a. 41 9.93 -a .31 -a .1 8 -9.22 -9.29 -9.92 9.26 a.a5 a . a 1 
!95a 0.28 9.3~ 9.97 -0.33 e.es 9.39 (1.25 -1).21 -a .12 -a. e:s 
196a a.45 8.19-999.99-999,99-999.99-999.99-999.~9-999.99-999.99-099.99 

• 



Autumn precipitation 

16/69/8489.21.84.REGION AUTUNNROEPART 963IMF 3FMF 1 9 II 65 1682 36a 

• t6aa-999.99-999.99 e.3S 9. 71 2.23 8.68 -a .32 1.25 a.43 a.44 

1619 9.52 3.31 1.94 2.39 a.48 1.77 !.58 2.1 s -a .13 2.97 

1628 1.88 1.88 3.9a 2.17 1.43 a.61 1.4a a .57 a.34 !.57 

• 163a 1.35 2.48 1.68 2.22 1.84 2.89 2.a3 1.12 a.47 2.55 

164a 3.65 2.79 2.a3 a.93 1.63 1.36 1.39 1. 91 2.49 a.68 

165a 1. 78 2.89 2.67 3.a2 a.ss a.sa a .16 a .2a -8.52 a.45 

166a 9.57 a.36 1.87 !.53 1.99 9.32 1.65 1.83 9.46 -a.43 

167a -a.42 -a.84 a .91 -a .31 !.56 -a .12 -a .67 -1.68 -1 • a1 -a.25 

168a -a .62 -a .73 -a.65 -a.53 -a .19 t.4a a .31 -a.a6 1.18 a.58 

1698 -1. a9 a .16 -a.a4 -a.89 -1.37 a.94 8.44 a .3a t.9a -a.35 

t?aa 9.64 9.99 -a .95 -9 .8a -0.98 1.12 9.63 a .45 -a .44 -8.79 
1 7ta -a.41 1.49 -a.6a -a.63 1. 72 9.95 -a.a4 -a.a6 -a.39 1.99 

172a 1.16 1.19 9.62 9.42 9.59 9.66 1.33 1.24 -8.59 1.32 
I73a -a.26 -a .18 a.94 t.a4 a.43 1.29 t.ta 1.68 9.94 1.44 

174a 1.13 -8 .a8 9.as -a .t4 -a.22 -a .43 2.39 -a .15 a.62 9. a6 
175a a.7S 2 .11 -a.59 1.28 a.44 -a.s5 -a.97 a .sa -a.2S -8.23 

176a -a.78 a.98 -a .11 a .sa -1 .3a a.41 1.17 -a .4a -a.47 -1.19 

t77a -a .42 a • a1 -a.87 -a .31 -0.29 t.a4 -1. 2a -8.61 3-.88 9.36 
17Sa 1.52 -a.59 -1 .61 a. 91 a .a7 -0 .18 1.21 -8.16 2.36 1. a 1 
179a 8.29 -1.18 9.85 8.as -e .39 9.75 9.94 9. 79 a.66 1.11 
t8a9 9.44 1.95 a.62 -a .97 1.15 1.26 a. I 9 1.46 9.86 a.ss 
1 81a t.a8 a.58 a.63 -e. 72 -8.97 e. 73 t.a9 t.8a 1. 79 2.26 
1920 2.25 2 . .42 1.37 t.a2 a.84 a.83 1.1 i 2.15 a. 61 -a.27 

183a -a.42 -a.43 -a .sa 9.96 a .98 a.53 -a .67 1.27 -a .36 1.42 
1849 a . 41 !.59 -1 .as -e .63 -e. 21 -8.22 -a.59 -a .3a -1.31 -a.48 

1859 -a.95 -1.43 !L29 -9 .sa 3.42 1.94 -a.43 -8.63 a. t4 1.24 
1 S6a a.a4 a.66 9. 79 t.as 1.19 9.4a -a .96 a.64 -e .59 -a .48 
1878 9 .17 a.78 -1.14 9.62 a.43 1. 32 a .1 s a.62 9.41 a .ss 
1883 -e .26 1.22 9.93 a .9a a. 1 7 -1.1 a -1 .a a -a .43 -2.17 -1. 6a 
1899 -6.24 -1 .19 8.28 -a.43 8.94 8.94 e . 71 -9 .1s 1.94 a. 78 
1 99a 9.27 -e.:::5 a.6a -a. t8 -1 .35 -a.59 9.75 a .31 -a.84 -a .68 
1 91 a a.22 1.12 -a .4a -a. 71 -a.sa 0.49 -a.69 -a.59 a. 12 9.46 
t92a -a.23 a • 61 -1. as -a.21 a.28 9.26 1. 21 1.85 -a .96 a.ts 
1930 -a.86 a . 1 a a.76 -a.42 -a .ts -a. 78 -a .sa 9.25 a . 21 -9.79 
1949 8.32 a .18 -a .a3 e .12 -e .92 8.64 9.52 lL39 9.34 0.44 
1959 9.46 -a.a9 -1.46 -a. 79 e.as 6.54 -a. 11 -a . a 1 -a.37 1.94 
196a -a .14 9.17-999.99-999.99-999.99-999.99-999.99-999.99-999.99-999,?9 

• 



Annual precipitation 

I 9/09/6489. 22. 21 • REG I ON ANNIJALRDEPART 96ANNREC679 I 12 ll 65 !6a2 36a 
!6aa-99 .• 99-999.99 2.56 -a .!3 2.95 a.S3 -a .as 0.0S t.a2 0.45 

• 161 a !. 73 4.52 2.26 3.93 a.32 3.49 2.75 4.92 a.64 3.56 
!62a 1.42 2.68 2.15 9.72 !.34 a. 7a a .57 -a .26 8.49 8.49 

1638 8.99 4. 41 2.31 3.64 !. 79 3.89 3.95 e.3S -8.89 !.55 

1648 3.56 3.72 1.49 a.ss 2.99 !.85 a.SI a. 91 1.64 8 ,!5 

!658 8.68 !.54 a • 41 2.95 -0 .IS -8.69 a.83 e .a6 8.36 -8 .IS 

1668 a.36 -0.27 !.99 e.ss a ,15 -!.34 2.38 8.79 a.29 -8 .6s 

1678 -8.55 -8.49 a.99 1.12 1.49 1.32 -a.S2 -I. 79 a, II -1 • as 

!6S8 -8.47 -8 .!5 -2.73 -I. 91 -2.22 -8.22 -1.28 -I. 26 a .53 -8.24 

1690 -2.82 -I. 23 -1. as -1.24 -!.87 -8.55 !.33 !.37 2.81 -8 .16 

!78a 2.57 -a.48 1.25 -2.1 a -I .59 -8.45 -8.71 a.48 -2.15 -a.44 
1710 -1.34 !.35 -a.78 -a.27 1.16 a.49 -8.37 -I • 91 -1.32 2.84 

1728 a .52 !.55 1.12 !.19 8.75 -a.36 1.29 2.15 -2.a7 -8.26 
!73a -I. a3 9.38 1.68 1.63 -a .18 !.52 -a.79 !.95 8.35 8.22 
1748 1.89 -1.35 -8 .a7 -a.83 -1.65 -8.29 1.36 -a.66 -8.77 a .38 
!758 !.5a 0. 71 !.57 1.08 a.64 -8.52 -2.96 -8.98 -8.79 -3.15 
1768 -8.64 3.15 9.25 !.24 -2.17 8.84 a.89 -8.48 -8.46 -1.69 
!778 -1.99 -8.18 -8.66 a .38 -8.84 2.47 -3.88 -!.8S 1.28 a.a6 
!7S8 !.88 -8.a7 -1.59 -8.36 1.32 8.47 !. 73 -a.a6 1.77 !.BS 
!79a -I. 51. -I .33 0.1 a -1.12 -I .93 -8 .as -8.66 1.27 8.54 !.96 
I 888 -1.47 3.98 a.44 a.23 1.36 a.7S 1.46 e.ss -8 .S0 -a.S9 
IS!0 a • 71 -8.84 -9.63 -I. 97 a . 21 -I .28 !. 74 1.46 3.9S 3.15 
1829 2.18 3.47 1.35 0.27 9.a9 1.27 1.99 !.55 1.27 -9.82 
1830 -a .35 -9.93 2. il -I . 51 a. t4 1.19 0.34 !. 75 1.33 2.65 
1849 1.26 a.4S -I • II -I. 75 -a.69 -a.29 -1.29 -1.89 -2.92 -1.04 
!850 -2.37 -2.38 -a . 83 · -a . 95 -1.38 !. 75 -2.97 -1.67 -I .36 0.36 
1860 9.37 a.4a -I . 46 -0.22 a.26 -e. 72 -9.23 -a. 41 -I. 55 -1 . 97 
1879 -I • S! 8 . 15 -1 .22 -a .1 7 -a .88 !. 94 -9.22 1.94 9.34 !.56 
!889 -a.34 2.09 -a .26 1.16 -a .a2 a.78 -9.97 -8.91 -1.54 -2.77 
1899 0.91 -0.21 1.26 -8.59 9.56 8.57 e .e4 a .a.; a . 61 e.sa 
1 90 a !.59 a • 1 9 2.36 a. 21 a . 11 -a.36 !.21 1. ee 9.98 -9.75 
!9!9 -9.96 9.84 9.44 0.133 -1. as 1.21 a.ae -2.13 -a. 51 -!.49 
1929 -9.22 9.54 -2.39 8.98 -!.99 -a.31 9.97 2.5a -a. 98 -I .24 
1933 -1.75 -I. 92 3.96 -2.13 -I. 73 -a. 77 -I. 96 -a .26 1. 1 a -I .83 
1943 -9 .IS 3.36 2.28 13.36 -1 . 31 1.17 8.89 1.94 1. 91 3 . 1 9 
1959 8.91 9.97 -~.64 -13.47 ~3 . a 4 1.87 9.28 0.88 1).52 9.59 
1969 -0.22 a.aa-999.99-999,99-999.99-999.90-999.99-9~9.99-999,99-999,¢9 

• 



• 
• 

• 

' 
' 

PNL
UC-70 

O!STR!BUT!ON 

No. of 
Copies 

OFFS ITE 

30 DOE Technical Information 
Center 

0. Alexander 
Geologic Repository Division 
U.S. Department of Energy 
RW-25 
Forrestal Building 
Washington, DC 20585 

W. Meyer 
Assistant District Chief for 

Investigation and Research 
Water Resource Division 
U.S. Geological Survey 
Tacoma, WA 98402 

W. Purcell 
GeolOgic Repository Division 
u.s. Department of Energy 
RW-25 
Forrestal Building 
Washington, OC 20585 

R. Stein 
Geologic Repository Division 
u.s. Department of Energy 
RW-25 
Forrestal Building 
Washington, DC 20585 

ONSITE 

DOE Richland Operations Office 

D. H. Dahlem 
J. J. Sutey 

No. of 
Copies 

25 Rockwell Hanford Operations 

S. M. Baker 
J. W. Cammann 
C. DeFigh-Pri ce 
K. L. Dillon 
F. H. Dove 
P. C. Frankel 
R. E. Gephart 
A. G. Law 
L. S. Leonhart 
S. P. Luttrell 
P. M. Rogers 
R. C. Routson 
K. R. Simpson 
J. C. Sonnichson 
S. R. Strait 
BWIP Technical Library (10) 

42 Pacific Northwest Laboratory 

Di str .. l 

M. P. Bergeron 
C. R. Cole 
D. W. Dragnich 
P. A. Eddy 
M. G. Foley (20) 
M. D. Freshley 
M. J. Graham 
J. M. Hales 
P. c. Hays 
G. v. Last 
P. J. Mitchell 
J. R. Raymond 
A. E. Reisenauer 
R. L. Skaggs 
J. A. Stottlemyre 
R. E. Wildung 
Publishing Coordination (2) 
Technical Information (5) 


