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‘CLIMATE, WHICH REPRESENTS A COMPLEX AND ABSTRACT IDEA, AND WHICH
HAS NO CONCRETE EXISTENCE AT A GIVEN INSTANT, IS NOT SOMETHING
THAT CAN BE EVALUATED EXACTLY. IN FORMING A PICTURE OF THE

CLIMATE . .. IT BECOMES NECESSARY TO SIMPLIFY AND GENERALIZE.’
~Blair, 1942, p.116

v



ACKNOWLEDGMENTS
This study was funded by the United States Department of Agriculture/Forest Service under
cooperative agreement number 01-CA-11244225-231: Meteorological Influences on the

Dispersions of White Pine Blister Rust.

The author would like to thank Dr. Brian Geils, Dr. Daniel Graybeal, Joan Hahn, Dr. Brian
Hanson, Dr. John Harrington, Dr. Laurence Kalkstein, Dr. Daniel Leathers, Dr. David
Legates, Steven Quiring, Adam Terando, Dr. Harold Thistle and Jill Watts for their

assistance in the completion of this project.



TABLE OF CONTENTS

LIST OF FIGURES ..ottt e e eeee e ee e aeeaeesneeseessaeenaesneesneeeane vii

TIST OF TABLES . ..ottt e et e et e st e st e et eeeeaseeaeeseeseesseesseesneesneesaes ix

ABSTRACT oottt ettt et st st e st e st e st e st e st e ste st e st esasesasessesssesasesane X

Chapter

1 INTRODUCTION ...ttt ettt et seeeseeeseeeseeeseeesesesesesesesesesesesesesesesssesssesssesaseons 1

2 SYNOPTIC CLIMATOLOGY AND THE DEVELOPMENT OF THE
UPPER LEVEL SYNOPTIC INDEZX ...ttt erteetesvesas st essessesrssnsessenne 4
Manual ClassifICAtION SCREIMIES weeeoueeieeeeeeeeeeeeeeee et e et eeete e et eeseeeeseeeeseteseeesareeseseeseseeesnees 5
Automated ClassifiCAation SCREMIES ..ooovviviivviiieeeiireeteeeteeere e eresresesesesesssesssesssessesanes 5
Upper Level Synoptic Index (ULST) ..o 8
NI EEE CIUSTEES ceetuveeeeeeeetee ettt eeteeeetteeeeteseateseteseeeesastesasteseneesenteesaseesaseesansesenneessseesssaesarennees 15
AN STEION ClUSTOIS 1 eenutteeteeeeee et eeeeeeeeeteeeteeeeeeeeeeeeeeeteseseeseneeeesseeeaseesasaesaseeseeeessseessseesennenees 22
SUMIMET CIUSTELS wevviieiiieeeie ettt ettt et e sete st e s st e s etesetesaessesvessesssesasesasessesssessesssessenss 26
DD IS CUSSION vttt ettt e ettt e et esae e s bt esenteesaseesseesantesanteesaeesrsesanbesanaeotesnees 33

3 THE PROBLEM OF WHITE PINE BLISTER RUST ...ttt 35
White Pine in the Westernn UNIted StALES covvuvvieieeeeiieeeeeeeeeeeeeeeeeeereeeeeeeeseeesseeessseesenesane 35
White Pine BIISEEr RUST .veeieieeeeieeeie ettt eeete e et eeseeeeseeeeeeeesereesaneeeeseeessseeseseeseeesane 39
Control of White Pine BLHStEr RUSE covvivviiiiiiiiiiiieeicreecreere ettt seressvessvesevessvessvesenessnesns 44
Introduction and Spread of White Pine Blister Rust in Western North America......46
Meteorology and the Transport of Plant Pathogens ... 49

4 INVESTIGATION OF THE POTENTIAL FOR LONG-DISTANCE
TRANSPORT OF WHITE PINE BLISTER RUST ..ottt 51
Development of Upper Level Synoptic Index Likelihood Scenafios ........ccccceunueneee. 52
Development of Surface Likelihood Scenatios .........c.cocevivicciinicinnicinicceiens 57
Coupling of Surface and Upper Level Likelihood Scenaftios .........cccccvvviviviviiicecenee 60
D IS CUSSION tet ettt ettt ettt ettt ettt e et e e e et et s eeabeesesaabeesesabaeesesarteesearateeseaaraeesaesaneees 72

5 CONCLUSIONS AND RECCOMENDATIONS ...ttt esaeenne 77

REFERENCES ... oottt ettt ettt evt s vt seat vt esat s st esteestesssesstesssenstesssesssenssesssensessesssenssn 81

vi



2.1.

2.2.

2.3.

2.4,

2.5.

2.6.

2.7.

2.8.

2.9.

2.10.

2.11.

2.12.

2.13.

2.14.

2.15.

2.16.

LIST OF FIGURES

The study area extends from 20°N to 60°N and 60°W to 140°W to include all of
the conterminous United States and much of northern Mexico and southern

CANAAA. ettt 9
Principal components analysis develops new, orthogonal, coordinate axes to

explain variance within the data Set.. ..o 13
Frequency of clusters with maximum frequency in Winter. .......cococoeeeereinirinnenenan. 15
Mean character of the 500 mb pattern for Winter-Trough-Ridge (cluster 1)............. 16

Mean character of the 500 mb pattern for Winter-Ridge-Trough (cluster 3.2).......... 17
Mean character of the 500 mb pattern for Winter-Zonal-Barotropic (cluster 4).......18
Mean character of the 500 mb pattern for Inverted Trough (cluster 7)........cccco.u...e. 19
Mean character of the 500 mb pattern for Winter-Zonal-Baroclinic (cluster 8)........ 20

Mean character of the 500 mb pattern for Winter-Ridge-Trough (northerly
displacement) (cluster 11) ..o 21

Frequency of clusters with maximum frequency in transition months ..........cccceeeee. 22
Mean character of the 500 mb pattern for Transition-Trough-Ridge (cluster 3.1)....23

Mean character of the 500 mb pattern for Transition-Ridge-Trough (high
amplitude) (CIUSLEr 3.3) c.oiiiiiiiiiiciii e 24

Mean character of the 500 mb pattern for Transition-Ridge-Trough (cluster 2.4)....25
Frequency of clusters with maximum frequency in SUMMET .......cccvvviviiieiriieriiicnnnens 26
Mean character of the 500 mb pattern for Summer-Trough-Ridge (cluster 2.1)......27

Mean character of the 500 mb pattern for Summer-Trough (cluster 2.2) .................. 28

vii



2.17.

2.18.

2.19.

2.20.

2.21.

3.1.

3.2

3.3.

3.4.

3.5.

4.1.

4.2.

4.3.

4.4,

4.5.

4.6

4.7.

Mean character of the 500 mb pattern for Trough-Ridge-Trough (cluster 2.3)......... 29
Mean character of the 500 mb pattern for Summer-Zonal (cluster 5) ......cccccccucueunnnne 30

Mean character of the 500 mb pattern for Trough-Ridge-Trough (northerly
displacement) (CIUSTEL 0) c..uvvuiuiucuiuieiicieiicieieiieieieeeieie e nes 31

Mean character of the 500 mb pattern for High Amplitude Trough-Ridge-

Trough (CIUSTEr 9) ..o s 32
Mean character of the 500 mb pattern for High Amplitude Trough-Ridge-
Trough (cluster 10) ....cciiiiiiiiiiiici s 33
White pine species are found at a wide range of latitudes as indicated by the
COLOTEA ATEAS ...t 37
The life cycle of white pine BUSter TUSt ......ccoviiiviiiiiiiiiicc s 40
The life cycle of white pine blister rust requires at least three years and two hosts
t0 De COMPLELE ..ot 41
White pine blister rust had spread to points up to 120 miles from the point of
introduction in western North America within three years........cocoovvviiviicnninennn 48
The distribution of white pine in Mexico and Central America........cccooeevvivicncinnnnne. 49

Flow chart outlines the development of the Upper Level Synoptic Index (ULSI)
and its coupling with surface observations to investigate the potential for

infestation of white pine blister rust (WPBR) .....c.ccceviviiiiiniiiiiccrcceccereenees 52
Mean 500 mb flow pattern for Summer-Trough (cluster 2.2) ......cccoveervirnicrvericnnnes 53
Mean 500 mb flow pattern for Winter-Trough-Ridge (cluster 1)......ccoecvuvvriiiiiinnnans 54
Mean 500 mb flow pattern for Summer-Trough-Ridge (cluster 2.1)........ccooeuvvrvnnnnn 54
Mean 500 mb flow pattern for Winter-Zonal-Barotropic (cluster 4) .......ccoccevuevvinee 55

A third-degree polynomial fit to the frequency distribution of surface
conditions favorable for germination of WPBR in south central New Mexico......... 59

Calendar of likelihood of infestation of white pine blister rust in the Sacramento
Mountains, 1965-1974......cccoviiiiiiiiiiiii s 62-71

viii



2.1.

2.2

2.3.

3.1.

4.1.

4.2,

4.3.

4.4.

LIST OF TABLES

Format of the 500 mb data matrix input to the PCA and clustering algorithms

to develop the upper level Synoptic INAEX ...

Characteristics of the 16 clusters identified by the ULST .....ccooovviiccceennnnne.

The cluster calendar for the period August 21-24, 1970, shows a continuous

CHUSTEL PALLEINL ...ttt

Six species of white pine native to western North America listed in order of

susceptibility to white pine BIStEr fuSt......cciviiciriiiicr e

An 18-hour moving average of likelihood values was taken to identify

persisting conditions favorable for upper-level transport. ......ooccccevevecereerieereenines

Percentage of observations falling in each coupled likelihood class under three

ETESNOLA LEVELS..cuviiiiiiiieiiee ettt ettt ettt et er e eveeeae s vt seaesaesaesaessbesaessaesnesanesnnens

Thirty three observations in the May-July 1965-1974 period were identified

.57

with ‘very high’ likelihood for infestation. ..........ccccevviiiiiniiiiiiinccccens 73
Coincidence of upper level flow patterns favorable for transport of WPBR
from the Sierra to the Sacramentos and surface conditions conducive to
germination of the rust at the target make June 1-15, 1969, the period when
infestation most likely occurred.......ovvnnnniniiciiicccee e 75-76

ixX



ABSTRACT
This study outlines the development of a methodology to temporally classify large scale,
upper level atmospheric conditions over North America, the Upper Level Synoptic Index
(ULSI). Four meteorological variables: geopotential height, specific humidity, and u- and v-
wind components, at the 500 mb level over North America were obtained from the
NCEP/NCAR Reanalysis Project data set. These data were subjected to principal
components analysis to standardize and reduce the data set and then to an average linkage
clustering algorithm to identify groups of observations with similar flow patterns. The ULSI
calendar of synoptic conditions can be used to identify situations that lead to periods of
extreme weather and to explore the transport of airborne particles across North America. In
this study, the ULSI is applied to the problem of the spread of a forest pathogen in the
western United States. White Pine Blister Rust (WPBR), Cronartium ribicola, is believed to
have arrived in the Sacramento Mountains of south-central New Mexico around 1970. The
rust in New Mexico is genetically identical to that present in the southern Sierra Nevada.
The ULSI is employed to identify days with upper level flow patterns that were favorable for
the transport of the rust spores from California to New Mexico. This likelihood was
evaluated four times daily for the period 1965-1974 when the rust was most likely to have
been transported from the Sierra to the Sacramentos. The results of this upper level

investigation are then coupled with a surface evaluation of periods of favorable temperature



and humidity for germination of the rust at the target. The result is a calendar of infestation
likelihood for the Sacramento Mountains. The period 1-15 June, 1969, was found to be the
most likely for infestation in this case. This technique may now be applied to other white
pine populations in western North America and to other problems of atmospheric transport

of forest and agricultural pathogens.
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