INFORMATION TO USERS

This manuscript has been reproduced from the microfiim master. UMI films
the text directly from the original or copy submitted. Thus, some thesis and
dissertation copies are in typewriter face, while others may be from any type of
computer printer.

The quality of this reproduction is dependent upon the quality of the
copy submitted. Broken or indistinct print, colored or poor quality illustrations
and photographs, print bleedthrough, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send UMI a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

Oversize materials (e.g., maps, drawings, charts) are reproduced by
sectioning the original, beginning at the upper left-hand comer and continuing
from left to right in equal sections with small overiaps.

Photographs included in the original manuscript have been reproduced
xerographically in this copy. Higher quality 6" x 9" black and white
photographic prints are available for any photographs or illustrations appearing
in this copy for an additional charge. Contact UMI directly to order.

Bell & Howell Information and Leaming
300 North Zeeb Road, Ann Arbor, Mi 48106-1346 USA
800-521-0600

®

UMI






RELATIONSHIP OF CLOUDINESS TO NEAR SURFACE TEMPERATURE

OVER LAND AREAS OF THE NORTHERN HEMISPHERE

A Dissertation Presented
by

BOMIN SUN

Submitted to the Graduate School of the
University of Massachusetts Amherst in partial fulfillment
of the requirements for the degree of
DOCTOR OF PHILOSOPHY
February 2001

Department of Geosciences



UMI Number: 3000350

®

UMI

UMI Microform 3000350

Copyright 2001 by Bell & Howell Information and Learning Company.

All rights reserved. This microform edition is protected against
unauthorized copying under Title 17, United States Code.

Bell & Howell information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



© Copyright by Bomin Sun 2001

All Rights Reserved



RELATIONSHIP OF CLOUDINESS TO NEAR SURFACE TEMPERATURE

OVER LAND AREAS OF THE NORTHERN HEMISPHERE

A Dissertation Presented

by
BOMIN SUN

Approved as to style and content by:

Mocnrat ¢ Gatle

Raymond S. Bradley. Chair

illiam D. McCoy, Member \[

e

Thomas T. Arny. Member

Vi

Pavel Ya. Groismalf/Member

Ao pued € Bon

Raymowd S. Bradley, Department Head 7
Department of Geosciences



DEDICATION

To my parents and wife



ACKNOWLEDGEMENTS

It is with my deepest gratitude that I thank my advisor Professor Ray Bradley for
providing the opportunity to pursue the Ph.D. study here at University of Massachusetts,
Amherst. I admire very much Ray’s wisdom, scientific vision and broad knowledge, and
apprecipate greatly his generous mentorship. [ also extend my heartfelt gratitude to Dr. Pasha
Groisman, with whom [ worked closely on cloud-related climate variability and change where
my thesis focuses. [ am impressed very much by Pasha’s determined and efficient research
style, and admire very much his expertise in climate research. I believe [ shall always be
grateful for their guidance and shall always appreciate the opportunity of working with them.

[ also would like to express my gratitude to my other committee members for their
reviews of the dissertation and helpful commentaries.

[ like to take this opportunity to thank all the people in the Climate System Reserarch
Center for their continuous help and encouragement on both my study and life. Special thanks
to Frank Keimig for his patient instruction on my English writing and pronounciation. and to
Caspar Ammann for many stimulating discussions and conversations on various topics we are
interested in.

[ am also deeply thankful for the assistance and kindness provided by the people at
National Climatic Data Center in Asheville, North Carolina, where [ worked three summers as a

visiting graduate student.



ABSTRACT
RELATIONSHIP OF CLOUDINESS TO NEAR SURFACE TEMPERATURE
OVER LAND AREAS OF THE NORTHERN HEMISPHERE
FEBRUARY 2001
BOMIN SUN, B.S., HANGZHOU UNIVERSITY
M.S., INSTITUTE OF ATMOSPHERIC PHYSICS, CHINESE ACADEMY OF SCIENCES
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Raymond S. Bradley

Relationship of cloudiness to near surface temperature over land areas of the Northern
Hemisphere for the past several decades is assessed using the data from surface meteorological
weather stations, satellite observations, and the NCEP reanalysis project.

The overall cloud relationship to near surface temperature is well represented by near
surface humidity and surface conditions. Nighttime cloud-related surface warming decreases
with the increase in near surface specific humidity. After cloud longwave-related temperature
change and snow cover information are removed, one unit of cloud cover is empirically
associated with a surface cooling of 0.59 K. The AMIP-1 models generally were able to
reproduce the cold season cloud-temperature relationship, but not for the warm season and for
the diurnal cycle.

The daytime cloud-related surface cooling over China and the contiguous U.S.
generally strengthened, but slightly weakened over Canada and the former USSR during the
post WWII period. Since the [970s a prominent increase in atmospheric humidity has
weakened cloud longwave effect on surface temperature (best seen at nighttime) over the
extratropical land areas. Significant changes and a general redistribution of cloudiness occurred

over the contiguous U.S. and the former USSR (south of 60°N) during the past forty to fifty

vi



years. Low cloudiness increased over the contiguous U.S. while it decreased over the former
USSR (south of 60°N). Total cloud amount and convective cloud frequency increased in both

countries.
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CHAPTER 1

INTRODUCTION

Clouds exert a dominant influence on the energetics of the Earth's climate through their
albedo cooling effect and greenhouse warming effect. The interaction of clouds with radiation
alters the surface-atmosphere heating distribution, which in turn drives atmospheric motion that
is responsible for the redistribution of clouds. The key parameters of clouds within the context
of cloud feedback include the macroscopic properties of clouds, such as cloud amount, cloud
height, and cloud thickness, and the microphysical properties of clouds, such as number, size,
shape, and phase of cloud particles. Due to the complexity of the multiscale nature of cloud
formation and cloud-radiation interactions, the details of the interaction of clouds with the state
of the climate system remain unclear and constitute one of the major uncertainties in climate
modeling and predication (Cess et al. 1996, 1997; Weare et al. 1996). Observations are
therefore critical for a better understanding of the role of cloudiness in present, past, and future
climate variations.

Recent field experiments, e.g., the Earth Radiation Budget Experiment (ERBE)
(Barkstrom 1984), the International Satellite Cloud Climatology Project (ISCCP) (Rossow and
Schiffer 1991), the Atmospheric Radiation Measurement Program (ARM) (Stokes and
Schwartz 1994), and the Indian Ocean Experiment (INDOEX) (Ramanathan et al. 1995) have
provided detailed information on cloud properties and atmospheric radiation fluxes, thus
making important contributions to our understanding of the processes that lead to the present
and perturbed cloud properties and of the role of clouds in the climate system (Wielicki et al.
1995). However, field experiments are too short in time for long-term cloud-related climate
studies. Also, most of the recent cloud studies have focused on ocean areas (e.g., Weare 1994;

Weaver and Ramanathan 1997; Norris 1999), where climate regime and cloud properties are



different from those over land areas (Kiehl 1994). The conventional surface weather station
observing network provides a unique opportunity to explore longer-term cloud-climate
relationships over the Earth's land areas, where surface warming has really happened. This
research aims to understand the spatial distribution and the temporal variations of the cloud-
related temperature change and to detect climate change signals through analyzing large scale
changes in cloudiness over land areas of the Northern Hemisphere in the past several decades.

A physically based statistical approach is used to assess the portion of the change in
near surface temperature that is related to cloud radiative effect. This approach was named in
Groisman et al. (1996) as “overall cloud effect on near surface temperature” or OCET. OCET
is defined as the difference of near surface temperature (T) between average (all) and clear sky
or between overcast and average (all) weather conditions. The outline of this research is as
follows. Chapter 2 describes the general characteristics of datasets used in this study, including
observational data and seven general circulation model (GCM) runs. Detailed data processing
procedures are described in individual chapters of 4-6. Chapter 3 presents the approach for
defining the cloud-related near surface temperature change. An area averaging method,
frequently used in this study, is also introduced in this chapter. Interdecadal changes in
cloudiness. particularly the occurrence of different cloud types over the contiguous U.S. and the
former Soviet Union (hereforth FUSSR) (south of 60°N), and their climatic implications are
discussed in Chapter 4. Chapter 5 presents the observational climatology of the cloud-related
temperature change over land areas of the Northern Hemisphere and its comparison with the
simulation of the AMIP-1 GCMs on both seasonal and diurnal time scales. Interdecadal
changes in the cloud-related temperature change for nighttime and daytime respectively with
the emphasis on the impact of water vapor and snow cover on that temperature change are

addressed in Chapter 6. The last chapter gives a summary and conclusions drawn from this

research.






