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The History of Oak Woodlands 
in California, Part II: The Native 
American and Historic Period

Scott Mensing
University of Nevada, Reno

    Abstract
This paper is the second in a two-part review of the history of 
California oak woodlands. Part I reviewed the paleoecologic 
record, and here the Native American and Historic periods are 
documented. The open oak woodlands described in the ac-
counts of Spanish explorers were in large part created by land 
use practices of the California Indians, particularly burning. 
Extensive ethnographic evidence documents widespread use of 
fire by indigenous people to manipulate plants utilized for food, 
basketry, tools, clothing, and other uses. Fire helped maintain 
oak woodlands and reduce expansion of conifers where these 
forest types overlapped. There is no clear evidence that the Span-
ish or subsequently the Mexican land uses had any significant 
impact on the distribution or abundance of oak woodlands. The 
introduction of livestock led to dramatic changes in understory 
species, which may have had some effect on oak regeneration, 
but this first wave of European settlement left California’s oak 
woodlands largely intact. During the American period, impacts 
on oak woodlands intensified. Oaks were cleared for fuel and 
charcoal, to open land for agriculture, and to improve range-
land. Fire suppression favored conifers where oaks and confers 
co-occur, leading to loss of oak woodlands. The latest threat 
is urbanization and expansion of homes into oak rangelands. 
New measures are being taken to limit continued loss of oak 
woodlands.

Introduction
In a previous paper (Mensing 2005), the paleoecologic history of 
California oak woodlands was reviewed. In this paper, I review the 
history of human interactions with oaks woodlands, beginning with 
Native Californians and continuing through the Spanish, Mexican, 
and American periods. From earliest times, people have lived among 
the oaks, and the woodlands we see today are the complex result of 
a landscape that has been extensively managed through different 
land use practices. These land use practices have intensified over 
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time, directly impacting the abundance and distribution of oak 
woodlands. Ethnographic evidence, descriptions of early explorers, 
and historic records are supported by fossil pollen evidence to pres-
ent the history of land use changes in oak woodlands from the time 
of earliest human occupation, about 10,000 years ago. 

The Influence of Native Californians  
on Oak Woodlands
The influence of California Indians on oak woodlands must be 
inferred largely from observations made at the time of initial con-
tact, oral histories of elders, and landscape changes that have been 
documented since the demise of the native populations. Virtually 
every tribe in California harvested acorns as a major food source. 
Acorns are easily collected and stored, and as a food source, their 
protein and fat content is comparable to wheat (Pavlik et al. 1991). 
California Indians repeatedly tended and gathered acorns from the 
same oaks and were given usufruct rights to specific trees and groves 
(Anderson 2005, p. 133). Among the Pomo, the anthropologist Fred 
Kniffen noted “Like large manzanitas, all the great oaks of the valley 
flat were privately owned; those of the hills were owned by villages 
as a whole” (quoted in Anderson 2005 from Kniffen 1939). Archeo-
logical sites dating to between 7,400 and 10,200 yr B.P. (years before 
present) include charred acorn nutshell. Moreover, acorns are the 
most abundant plant food found in sites throughout central Cali-
fornia (Anderson 2005), indicating that oaks have been important 
to California Indians since the region was first inhabited.

Fires, set by California Indians, are believed to have been the major 
factor in determining the type of vegetation found by Europeans 
when they arrived in California (Stewart 2002). California Indi-
ans set fires for the purpose of clearing ground to gather acorns, 
promoting secondary growth used for basketry materials, clearing 
brush for hunting, and facilitating collection of seeds (Anderson 
2005; Blackburn and Anderson 1993). Early explorers consistently 
described open, park-like woodlands dominated by majestic oaks 
throughout coastal California and the Central Valley and suggested 
that the characteristics of these woodlands were probably the result 
of intense manipulation through the use of fire. 

The renowned California botanist Willis Jepson (1923:39) wrote,

“The long inhabitation of the country by the Indians and the 
peculiar local distribution of the Valley oak in the rich valleys 
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are in some way connected. These oak orchards, of great food 
importance to the native tribes, indicate plainly the influence 
on the trees of Indian occupancy of the country. The extent and 
nature of the relations of Indian tribal culture and the habitat 
of the oaks cannot yet, if ever, be completely defined, although 
it is clear that the singular spacing of the trees is a result of the 
periodic firing of the country—an aboriginal practice of which 
there is ample historical evidence.”

Griffin (1988) stated that direct evidence for the frequency and 
extent of Indian burning in oak woodlands is lacking. While it is 
difficult to find physical evidence for specific fire-return intervals 
and area burned by California Indians, there is now abundant ethno-
graphic evidence for the regular use of fire by indigenous people of 
California to manipulate their environment (Anderson 2005). Pollen 
studies of lake sediments in Yosemite National Park provide some of 
the clearest physical evidence that anthropogenic influences were 
important in maintaining oak woodlands in the Sierra Nevada. 

Woski Pond, a small oxbow lake in Yosemite Valley (1,212 m elev.) 
preserves a 1,500-year-long record of vegetation change (Anderson 
and Carpenter 1991). Between 1,550 and 650 yr B.P., the pollen re-
cord has very little oak (~6 percent) and is dominated by pine 60–70 
percent and other conifers (Figure 1). After 650 yr B.P., the vegeta-
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Figure 1.— Pollen percentages of selected taxa from Woski Pond, Yosemite 
National Park, analyzed by Anderson and Carpenter (1991). Pollen Data 
obtained from the North American Pollen Database.
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tion changed from a closed to an open forest, pine pollen decreased 
to 45–50 percent, oak increased to 15 percent, and shrubs and fern 
spores increased. Although Yosemite has been occupied for at least 
the last 3,000 years, between 750–650 yr B.P. there was a shift from 
the Tamarak complex to the Mariposa complex, characterized by a 
larger population and greater reliance on horticulture. Acorns were 
a major food source for these people, and forest clearance through 
burning would have favored expansion of oaks and improved 
conditions for gathering acorns. Anderson and Carpenter’s study 
provides indirect evidence that indigenous people converted closed 
coniferous forest into open oak woodlands.

Oak woodlands predominated in Yosemite Valley as a result of In-
dian-set fires rather than climate change (Reynolds 1959). Prior to 
1850 A.D., glaciers were advancing in the Sierra Nevada, but since 
that time, glaciers have receded as the climate became warmer and 
drier (Harrison 1950, 1951). If climate had been the dominant con-
trol of recent vegetation change, one would expect a closed forest 
canopy dominated by conifers in the 19th century, becoming an 
open forest or woodland in the 20th century. In fact, the opposite 
occurred. Photographs taken during the last century show that in 
the early 1900s Yosemite was an open-oak woodland and since 
that time has become a closed coniferous forest (Reynolds 1959). 
California Indians used fire, pruning, and weeding in Yosemite to 
promote growth of desirable plants and diminish the importance 
of less-desirable ones (Lewis 1973; Anderson 1993). 

In 1855, Galen Clark visited Yosemite Valley and wrote the follow-
ing account:

“My first visit to Yosemite was in the summer of 1855. At that 
time there was no undergrowth of young trees to obstruct clear 
views in any part of the valley... The Valley then had been exclu-
sively under the care and management of the Indians, probably 
for many centuries. Their policy of management for their own 
protection and self-interest, as told by some of the survivors 
who were boys when the valley was first visited by Whites in 
1851, was to annually start fires in the dry season of the year 
and let them spread over the whole Valley to kill the young trees 
just sprouted and keep the forest groves open and clear of all 
underbrush, so as to have no obscure thicket or hiding places 
or an ambush for any invading hostile foes, and to have clear 
grounds for hunting and gathering acorns.
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“When fires did not thoroughly burn over the moist meadows, 
all the young willows and cottonwoods were pulled by hand. 
Prepared acorns were as much an article of food with the Indians 
as the cereals are with the more civilized races. In order to get 
the necessary supply early in the season, before ripe enough to 
fall, the ends of the branches were pruned off to get the acorns, 
thus keeping the branches well cut back and not subjected to 
being broken down by heavy snows in the winter and trees badly 
disfigured as is the case since that practice has been stopped. 
Thus, probably for self-protection and utile purposes, the Indians 
for hundreds of years had cared for and preserved the Yosemite 
Valley.” (Quoted in Reynolds 1959.)

Population estimates for the Miwok Indians of the west slope of the 
Sierra Nevada range between 9,000 and 10,300 (Kroeber 1925; Cook 
1943). Acorns of black oak (Q. kelloggii) were one of the most impor-
tant single items in the vegetable diet of the Miwok Indians and ab-
original inhabitants of the central Sierra Nevada. By many accounts, 
black oak produced the most-desirable acorns for consumption. In 
the absence of periodic burning, ponderosa pine (Pinus ponderosa) 
is successional to black oak, and within the lower montane forest, 
the typical forest structure today is one of young, tall ponderosa 
pine and incense cedar (Calocedrus decurrens) overtopping old black 
oak. Young black oaks are uncommon. Often at the base of groves 
of old black oak trees, one can find grinding stones where Indians 
prepared acorns. Archeologists have catalogued many of the mortar 
holes used for grinding acorns. One particularly large site with 34 
mortar holes indicated the presence of a village, yet is located at 
2,100 m elevation (Bennyoff 1956), near the upper treeline of black 
oak today. At the time of its discovery, the site included only a few 
scattered oaks in a pine-dominated forest. However, evidence of 
such a large grinding complex suggests that oaks must have been 
common in the area, and that stands of oaks were maintained by 
aboriginal burning, allowing oak woodlands to extend to higher 
elevations than if their distribution was controlled only by climate 
(Reynolds 1959). 

Frequent burning by California Indians to manipulate the landscape 
was not confined to the Sierra Nevada, but has been documented 
throughout the state (Anderson 2005). At least 35 tribes in Cali-
fornia used fire to increase the yield of desired seeds, drive game, 
and stimulate growth of specific plants (Reynolds 1959). Burning 
was not random over large areas, but was in specific locations for a 
particular purpose (Lewis 1973). 
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Anderson (1999) notes that basketry was very important to indig-
enous people of California, and baskets were the single most com-
mon possession of every family. California Indians did not develop 
pottery, but rather all carrying, cooking, and storage containers were 
baskets. A diverse assemblage of shrubs was manipulated for use in 
making baskets, including oaks such as black oak, blue oak (Q. doug-
lasii), and interior live oak (Q. wislizenii). Epicormic branches from 
the boles of recently burned black oak were harvested for spoons, 
winnowing baskets, and fishing baskets, and blue oak were used for 
cradleboards (Anderson 1993, 2005). Most shrubs produced brittle 
stems if left on their own, but if burned or pruned, the new shoots 
were long and straight and ideal for weaving. A recent study of a 
low-intensity prescribed fire in an oak woodland containing blue 
oak, black oak, and valley oak found little mortality or change in 
stand structure after the fire, and many trees had fuller, healthier 
crowns due to sprouting after the fire (Fry 2002). Other studies have 
found that even badly burned trees will vigorously sprout from the 
root crown (Plumb and Gomez 1983). Because plant materials were 
intensively utilized for specific products, indigenous burning had 
a functional purpose, not just to produce more sprouting, but also 
to influence the quality of sprouting, in terms of size, shape, color, 
length, diameter, and other attributes (Anderson 2002).

Ideally, sprouting branches needed to be only 1 or 2 years in age, 
requiring annual to semi-annual burning. The quantity of plants 
needed to supply a village with sufficient material to supply all needs 
suggests that basketry was an industry-scale operation (Anderson 
1999). The implication of this activity is that California Indians 
were probably very skilled at using fire to control the landscape and 
maximize the benefits of useful plants. Although the areal extent 
that was annually burned cannot be calculated, the uses described 
in ethnographies suggest a scale of small stands, or hillsides.

Oral histories indicate that indigenous people were aware that 
annual burning under oaks removed old acorns and leaves that 
harbored insects and larvae that would infest the next year’s crops 
(McCarthy 1993). Entomologists have pointed out that two acorn 
pests, Tilbert worm (Mellissopus latiferreanus) and Filbert weevil (Cu-
curlio occidentalis), reproduce on the ground and emerge to reinfect 
acorns. Thus, regular burning provided a defense against damage 
to the following year’s crop. Individual trees with large acorns that 
masted consistently were particularly prized and protected when 
fires were set (Lewis 1973). The largest oaks (80 to 500 years old) 
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were favored and the ground was kept clear of shrubs under such 
trees (Anderson 2005).

By all accounts, the greatest impact frequent burning had on oak 
woodlands was to reduce the invasion of brush and trees and main-
tain a more open, savanna-type landscape. A description of a valley 
north of San Francisco inhabited by the Pomo Indians reads:

“The vegetation covering has experienced great changes. Cer-
tainly the chaparral thickets of manzanita, madrone, scrub oak, 
and buckbrush which now characterize many sections of the 
Valley were formerly restricted to the higher slopes and ridges 
of the mountains. A beautiful park landscape, largely of oaks, 
was maintained by annual burning, done ‘when the straw was 
dry.’ In this manner the brush was held down and larger trees 
were uninjured.” (Quoted in Kniffen 1939.)

In describing the Santa Clara Valley (better known today as Silicon 
Valley) south of San Francisco, George Vancouver wrote in 1796:

“For about twenty miles it could only be compared to a park 
which had originally been closely planted with the true old 
English oak; the under wood that had probably attended its 
early growth, had the appearance of having been cleared away 
and left the stately lords of the forest in complete possession of 
the soil which was covered with luxuriant foliage.” (Quoted in 
Pavlik et al. 1991.)

The Spanish described a similar situation along the coast of Santa 
Barbara, where an estimated population of 15,000 Chumash inhab-
ited the region when the first explorers visited in 1769. Fray Juan 
Crespí wrote:

“We went over land that was all of it level, dark and friable, 
well covered with fine grasses and very large clumps of very 
tall, broad grass, burnt in some spots and not in others; the 
unburned grass was so tall that it topped us on horseback by 
a yard. All about are large tablelands with big tall live-oaks (I 
have never seen larger), and many sycamores as well.” (Quoted 
in Timbrook et al. 1982.)

Although there is ample evidence that California Indians directly 
modified oak woodlands by frequently burning, there is no evidence 
that they affected distribution patterns by purposely planting trees 
(McCarthy 1993). Oaks are slow growing, taking 30 years to produce 
acorns, 80 years before yielding a good crop, and up to 175 years 
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to reach full maturity. In addition, there was no guarantee that the 
planted tree would be a good acorn producer. Accidental planting 
is also improbable because the common practice was to dry acorns 
at the collection site, and germination potential diminishes rapidly 
with desiccation. Oral accounts indicate that indigenous people left 
the planting to scrub jays. Jays have been noted to remove as many 
as 400 acorns from a tree within an hour (Griffin 1980). Caching 
of acorns by jays and squirrels probably led to most successful ger-
mination.

The Impact of European Settlement  
on Oak Woodlands

The Spanish and Mexican Periods 1769–1848 A.D.
Franciscan Missionaries constructed a chain of 21 missions and 9 
settlements in Alta California between 1769 and 1821 A.D. (Gerhard 
1982) (Figure 2). The distribution of missions closely followed the 
distribution of coast live oak (Q. agrifolia) (Jepson 1910), termed 
encina by the Spanish (Pavlik et al. 1991), and Spanish land grants 
included many of the coastal valleys dominated by valley oak (Q. 
lobata) termed robles (Rossi 1980). Although the Spanish introduced 
many herbaceous weedy species that completely transformed the 
understory layer in oak woodlands, there is no clear evidence that 
the mission period, or the subsequent period of Mexican control, 
had any significant impact on the distribution or abundance of 
California oak woodlands. 

A 560-year record of vegetation history reconstructed using pollen 
recovered from annually laminated sediments in the Santa Barbara 
Basin shows that during the pre-European period, oak woodlands 
along the Santa Barbara coast show no evidence of change (Mensing 
1998). For more than three centuries (1435–1780 A.D.), percent oak 
pollen averaged between 20 and 25 percent, with very little vari-
ability (Figure 3). With the arrival of the Spanish, the pollen record 
suggests that oak populations increased slightly. Beginning in 1780, 
A.D. oak pollen increases to 30 percent but then averages only 20–25 
percent between 1820 and 1865 A.D. After 1865 A.D., percent oak 
pollen increases to 40 percent, suggesting that oak woodlands either 
expanded their range or increased in density during the American 
period.
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Efforts at fire suppression by the Spanish may have benefited coastal 
oaks. The Spanish had a very different attitude than Native Califor-
nians toward fire. Explorers relied on forage for their horses, and 
missionaries needed pasture for their livestock. The native popula-
tion had no use for these grasses once the seed had been collected, 
and typically burned the fields in late summer or early fall, thereby 
preparing them for next year’s harvest, and at the same time depriv-
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ing the Spanish of a source of pasture. Several early accounts describe 
this scenario. In October, 1771 an account from Monterey notes:

“The heathens are want to cause these fires because they have 
the bad habit, once having harvested their seeds, and not having 
any other animals to look after except their stomachs, they set 
fire to the brush so that new weeds may grow to produce more 
seeds, also to catch the rabbits that get confused and overcome 
by the smoke.” (Quoted in Lewis 1973.)
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 Santa Barbara Basin, (SABA 87, 88)  (Mensing and Byrne, 1998)

1769 A. D.

Figure 3.—Selected pollen types from core SABA 87 and 88 from the Santa 
Barbara Basin. The unshaded area under Polemoniaceae represents five 
times exaggeration. Note the scale change for Erodium (+) represents a 
level where Erodium pollen was identified by scanning (Mensing and Byrne 
1998).
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Another account from the interior of California, near the San Joaquin 
Valley in 1806, made the following log entry: 

“There are at this spot about sixty oak trees and a few willows 
in the bed of the stream. The forage was extremely scanty, and 
that the country appeared to have been burned over by Indians 
did not conceal the fact that the land is very poor. Consequently 
there is little pasturage.” (Quoted in Lewis 1973.)

Portola’s expedition to San Francisco Bay in 1769 found that many of 
the hills were grass-covered and “without firewood.” Inland rolling 
hills supported oak woodlands (dominated by coast live oak) and 
oak savannas (with valley oak and coast live oak) often covered the 
valley floors. The expedition members noted that the prairies under 
the oaks had been burned by the native population. Although fires 
were typically considered harmful, one enlightened priest, Father 
Duran of Mission San Jose, observed in 1812 that the non-Christian 
Indians did not need agriculture because they subsisted on wild seeds 
that did not require any labor but the use of fire (Mayfield 1981). 

In an attempt to control Indian-set fires, the acting Governor, Jose 
Joaquin de Arrillaga (Cutter 1990), issued a proclamation in 1793 
prohibiting burning, not just in towns but “even at the most re-
mote distances, which might cause some detriment” and to try to 
extinguish all fires that might be started (Timbrook et al. 1982). It 
is impossible to know how effective the ban was, but the pollen 
record suggests that it was not significant enough to result in a long-
term change for oak woodlands (Mensing 1998). Such a change did 
not occur until a much-larger American population dramatically 
changed the fire regime.

The introduction of livestock and alien annual plants by the Span-
ish probably produced the largest impact on oak woodlands. The 
historic record indicates that initially, the distribution of livestock 
through California was extremely limited. Even after the initial es-
tablishment in San Diego in 1769, it took nearly a decade to develop 
a permanent livestock base in California (Mensing and Byrne 1998, 
1999). Records from the five earliest missions list only 205 head of 
cattle total by 1773 A.D. and fewer than 330 breeding animals in 
the state as late as 1778 (Burcham 1957). 

As herds expanded, population estimates became less precise. By 
1800, livestock were increasing in abundance at Mission sites, and 
feral horses and cattle are reported to have been present in the San 
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Joaquin Valley by 1807 (Preston 1981). By 1830, estimates for cattle 
in California ranged from 180,000 to 423,000 head (Burcham 1957). 
Livestock affect oaks largely through herbivory, or trampling of 
seedlings. Most studies have found that browsing by deer and live-
stock impairs the growth of individuals and may be responsible for 
reducing regeneration in oak woodlands (Griffin 1971; Borchert et 
al. 1989; Harvey 1989). Two studies in blue oak (Q. douglasii) wood-
lands found that intensive grazing pressure limited regeneration of 
oaks (Harvey 1989; Mensing 1992), but another study of blue oak 
on grazed and ungrazed sites found that the presence or absence 
of livestock does not guarantee successful regeneration or lack of 
regeneration among oaks (McClaran 1986; McClaran and Bartolome 
1989). The introduction of livestock into California probably had a 
minimal affect on oak regeneration during the Spanish period.

Several authors have suggested that the introduction of pigs have 
affected oak regeneration (Rossi 1980; Sweitzer and Van Vuren 2002). 
The Spanish drove pigs into oak woodlands to feed on the acorn mast 
(Rossi 1980). More recently, the impact of feral pigs on promoting 
or discouraging oak regeneration has been debated (Sweitzer and 
Van Vuren 2002).

Competition for soil moisture and nutrients between introduced 
Mediterranean annuals and oak seedlings may have negatively af-
fected oak woodlands. Introduced annuals such as red-stem filaree 
(Erodium cicutarium), curly dock (Rumex crispus), slender wild oat 
(Avena barbata), wild oat (Avena fatua), and ripgut brome (Bromus 
diandrus) successfully invaded California grasslands with the spread 
of Spanish livestock, and there is good evidence that red-stem filaree 
successfully invaded Alta California from Baja California prior to the 
arrival of livestock in 1769 A.D. (Figure 3) (Mensing and Byrne 1998). 
Mediterranean species were pre-adapted to California’s climate, and 
evidence of their rapid spread throughout the state suggests that 
they transformed the understory of oak woodlands at a very early 
date. Wild mustard (Brassica nigra) was so thick by the mid 1800s 
that vaqueros would make an annual two to three day “run through 
the mustard” to knock down these weeds that were tall enough to 
harbor runaway cattle (Cleland 1941). When the American John 
Fremont explored the Central Valley in 1844, he wrote, “Instead of 
grass, the whole face of the country is closely covered with Erodium 
cicutarium” (Fremont 1845). Laboratory studies comparing shoot 
and root growth of blue oak grown with two Mediterranean annuals 
(long-beaked storksbill, Erodium botrys, and ripgut brome, Bromus 
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diandrus) found that competition for soil moisture significantly in-
creased blue oak mortality (Gordon et al. 1989). Field experiments 
with blue oak support the conclusion that water availability signifi-
cantly affects oak seedling survival (Gordon et al. 1991). 

The impact of Spanish settlement on oak woodlands was limited to 
coastal California. Before 1800, several expeditions peered into the 
Central Valley from the San Francisco Delta region (Crespi in 1772, 
de Anza in 1776, Moraga in 1776, and Eliza in 1793) noting that 
“…the plain through which the river runs is as level as the palm of 
the hand without any trees except in the bed of the river” (Cutter 
1950; McGowan 1961). After 1800, several expeditions were sent to 
explore potential mission sites in the Central Valley, but none were 
ever built (McGowan 1961). Forays inland were generally for the 
purpose of pursuing deserters and runaways, capturing neophytes, or 
in later years searching for livestock (Johnson and Dawson 1993). 

Mexico declared independence from Spain in 1821 and soon turned 
its attention to California (Hutchinson 1969). Beginning in 1824, 
land grants were issued to encourage development of the territory. 
Only a few grants were given each year until 1833, after which the 
numbers increased (McGowan 1961). In the San Joaquin Valley, only 
one rancho was ever inhabited, and it was not developed (Preston 
1981). John Sutter was granted the first land grant in the Sacramento 
Valley in 1841, 19,500 ha of land east of the Sacramento River. John 
Bidwell, an employee on Sutter’s ranch wrote in 1843,

“...the plains are covered with scattered groves of spreading oaks; 
there were wild grasses and clover, two and three and four feet 
high, and most luxuriant. The fertility of the soil was beyond 
question, and the waters of Chico Creek were clear, cold and 
sparkling; the mountains were lovely.”

Only 707 land grants were made in California before fighting 
broke out between the United States and Mexico in July of 1846 
(McGowan 1961). Land use was dominated by ranching for hides 
and tallow that could be easily stored and exported to the Eastern 
United States (Dana 1937). Agriculture was a minor part of the Cali-
fornia economy. An informal census taken by Bidwell prior to the 
Gold rush of 1849 found that only about 82 Caucasians lived in the 
Sacramento Valley and another 120 in the San Joaquin Valley, for a 
total of only about 200 whites living in the Central Valley. 
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It is clear that through the Spanish and Mexican occupations, 
California remained a remote, sparsely populated region. The mis-
sions and ranchos served to deplete the native populations, with 
no replacements through immigration. In the 1830s it is believed 
that cholera and malaria epidemics killed as many as 75 percent of 
the Native Californians in the San Joaquin Valley (Preston 1981). 
Although the Spanish had a significant impact on the understory 
layer of oaks through the introduction of exotic annual plants and 
grazing livestock, their direct impact on oak woodlands was prob-
ably minimal. If anything, disruption of the practice of frequently 
set fires may have slightly increased oak woodland densities in some 
areas. Mensing (1998) and Vankat and Major (1978) both note a 
small increase in oaks during the period of Spanish and Mexican 
occupation. Remarkably, though, the first wave of European settle-
ment left California’s oak woodlands largely intact, and the trees 
seen by American settlers probably would have been familiar to the 
previous generations of Native Californians.

The American Period (1848 to Present)
Descriptions written by the earliest Americans confirm that 80 years 
of Spanish and Mexican occupation had done little to change oak 
woodlands. A quote describing valley oaks near Cache Creek taken 
from the 1854 railroad survey states,

“This timber belt is composed of the most magnificent oaks I 
have ever seen. They are not crowded as in our forests, but grow 
scattered about in groups or singly, with open grass-covered 
glades between them; the trunks often seven feet in diameter, 
soon divide into branches, which spread over an area of which 
the diameter is considerably greater than the height of the tree. 
There is no undergrowth beneath them, and as far as the eye 
can reach, when standing among them, an unending series of 
great trunks is seen rising from the lawn-like surface.” (Quoted 
in Thompson 1961 and Griffin 1988.)

With the Gold Rush in 1849, impacts on oak woodlands intensi-
fied. Changes to oak woodlands during the American period are 
complex. Although there has been a decline in the abundance of 
oak woodlands as a result of extensive clearing for agriculture, range 
improvement, and urban development, in some wildland areas 
changes in fire frequency have led to an actual increase in woodland 
densities and more abundant oaks. Changes in land use practices 
have led to poor oak regeneration in many but not all woodlands, 
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but the factors that result in low regeneration rates are not clearly 
understood.

Four broadly defined changes took place. First, along all major river 
corridors in the Central Valley where valley oaks dominated riparian 
woodlands, oaks were nearly completely removed for use as fuel and 
clearing for agricultural land. Second, in rich agricultural lands of the 
Coast Ranges, southern California, the Sacramento Valley, and the 
San Joaquin Valley, oak woodlands including coast live oak, valley 
oak, blue oak, and Engelman oak (Q. engelmannii) were cleared for 
charcoal production, agriculture, and range improvement. Third, 
in wildland settings, forests and woodlands increased in density as 
policies of fire suppression replaced the annual burning practiced 
by Native Californians as well as sheepherders and early American 
Settlers (Griffin 1988). In some communities, oaks increased in 
abundance with the absence of fires, whereas in others oaks have 
been out-competed by conifers. Finally, urbanization has expanded 
into oak woodlands, fragmenting wildland habitat.

Loss	of	Riparian	Woodlands
The earliest and most complete devastation of California oaks was 
along the rivers that provided transportation corridors during the 
Gold Rush. These rivers were lined with a growth of trees and vines 
so thick that they were difficult to penetrate. Trees included valley 
oaks, alders (Alnus), willows (Salix), sycamore (Populus), and ash 
(Fraxinus). Gallery forest width appears to have ranged from about 
1 kilometer along the smaller tributaries to up to 4 or 5 kilometers 
on each side of the banks for the Sacramento River. A description 
of riparian forests made in the 1840s indicates the massive size of 
these oaks.

“Within and at the very verge of the banks, oaks of immense 
size were plentiful. These appeared to form a band on each 
side, about three hundred yards in depth, and within (on the 
immense park-like extent, which we generally explored when 
landing for positions) they were seen to be disposed in clumps, 
which served to relieve the eye, wandering over what might 
otherwise be described as one level plain or sea of grass. Sev-
eral of these oaks were examined and some of the small felled. 
The two most remarkable measured respectively twenty-seven 
feet and nineteen feet in circumference at three feet above the 
ground. The latter rose perpendicular at a height of sixty feet 
before expanding its branches, and was truly a noble sight.” 
(Quoted in Thompson 1961.)
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Early maps and accounts indicate that beyond the riparian systems, 
much of the Central Valley was treeless, or groves were so small that 
they did not warrant mapping (Thompson 1961). The pattern was 
one of dense woodland along streams, few or no trees on much of 
the valley, and oak savanna along the valley margins and in the 
foothills, as described in the 1855 Railroad Survey:

“On the banks of the Sacramento, in a few instances, I saw this 
oak when considerably crowded… but, generally, both on the 
hills and on the plain, it inclines to form groups, or open groves 
in which the trees assume the spreading form.”

Few estimates of density exist; however, one account made in 1841 
by William Brackenridge calculated a density of “20 good trees to 
the acre” (49 per hectare) for oak woodlands near Willows (Griffin 
1988). Eastwood (1945) interpreted the species to be valley and 
interior live oak (Q. wislizenii).

Unfortunately, none of the riparian species had value as timber 
trees and were rapidly cut for fuel, fence material, and cordwood for 
passenger ships. Wood-burning steamships first embarked on the 
Sacramento River in 1847, with regularly scheduled paddlewheel 
service by 1849 (Garvey 1995). By 1850, 28 steamboats were in 
regular operation on the Sacramento and Feather rivers, with boats 
also serving the San Joaquin, American, Tuolumne, Mokelumne, and 
Stanislaus rivers (Garvey 1995). The riparian woodlands disappeared 
quickly. Not only were the woodlands easily accessible and the only 
ready source for fuel, but also the natural levees that bordered the 
Sacramento River were the most fertile and manageable agricultural 
land in the valley (Thompson 1961). The extensive groves of oaks 
on the natural levees indicated the productive nature of the soils; 
these lands were commonly converted into fruit orchards. Much 
of the Central Valley provided limited opportunities to farming 
because it was either waterlogged or required extensive irrigation. 
Native Californian population densities reflect the productivity of 
these groves, since the highest concentrations of people in northern 
and Central California (>10 persons per square mile) existed along 
the Sacramento River corridor (Lewis 1973). By 1870 A.D., a period 
of only 20 years, the extensive riparian oak woodlands along the 
river systems had virtually disappeared. Today only a few remnants 
remain.
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Charcoal	Production
Harvesting of oaks for both fuel and charcoal production also re-
moved many hectares of woodlands. One account describes fuel-
wood cutting near Monterey in 1881:

“On the uplands and low hills east of town there is an almost 
inexhaustible supply of good oak cordwood, and large trade in 
which with San Jose and other points is carried on by medium 
of the Southern Pacific Railroad.” (Quoted in Griffin and Muick 
1990.)

Another example of firewood cutting was documented from the 
Salinas River in San Luis Obispo County where valley oak, blue oak, 
and coast live oak were cleared from 4,800 ha and shipped to San 
Francisco and Los Angeles for fuel (Rossi 1980). 

Charcoal made from oak was an important fuel source during the 
Gold Rush era. In 1855, San Francisco consumed 110 tons of charcoal 
produced from local oaks, and industries in the area also relied on 
charcoal. Charcoal was used in the refining of metals, and in the late 
1800s, one iron company used 10,000 to 15,000 tons of charcoal per 
year, the equivalent of about 30,000 cords of oak (1 cord = 3.5 cubic 
meters) (May 1956). Consumption slowed in the 1900s; however, 
production continued until about 1960. Between 1905 and 1910, 
about 2,000 tons were produced, with the majority coming from 
oaks cut north of San Francisco. Charcoal declined in importance 
between 1920 and 1940 but then surged again after World War II 
with the increased popularity of barbecuing. In 1955, production had 
increased to 4,650 tons (May 1957), with the vast majority of trees 
cut for charcoal being oaks. By 1961, production increased to 5,400 
tons; however, after this date inexpensive charcoal from Mexico cut 
into the market and slowed woodland clearing (Rossi 1980).

Agricultural	Expansion
Agricultural expansion cleared much oak woodland throughout the 
state. In the Sacramento Valley, orange groves were planted as early 
as 1886. By 1900, 1,250,000 trees were in production, covering ap-
proximately 2,200 ha (Green 1902). By 1853, settlers were establish-
ing farms and ranches in the Tulare Basin of the San Joaquin Valley. 
In 1857, the local remaining Native Californians were put onto a 
reservation, removing their influence on the woodlands forever. 
Between 1857 and 1871, clearing of oak woodlands for cropland and 
settlements accelerated. Jepson (1910) reported 104,000 ha of valley 
oaks on the Kaweah River plain in the San Joaquin Valley. Alarmed by 
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the rapid removal of these trees, residents persuaded Tulare County 
officials to purchase 100 acres as an ecological preserve (Rossi 1980) 
that remains intact today (Pavlik et al. 1991). A 324-acre preserve was 
also saved in Kaweah (Pavlik et al. 1991), but this is a mere bauble 
in comparison with the original woodland. Falling water tables in 
the eastern San Joaquin Valley also may have caused loss of valley 
oaks and constitute an ongoing threat in the region.

A common pattern that emerged was that oaks were initially cleared 
for orchards, to be cleared again later for farming or urban devel-
opment. Between 1910 and 1925, 3,200 ha of dense coast live oak 
and 2,400 ha of valley oak and blue oak savanna were converted 
to almond orchards in the Coast Ranges around Paso Robles (Rossi 
1980). The orchards turned out to be unprofitable and were con-
verted to dryland farming. The entire Santa Clara Valley, south of 
San Francisco, was cleared of valley oak and coast live oak savanna 
for fruit orchards in the first half of the 20th century (Broek 1932). 
This landscape change caused one observer to note,

“Once a grassland dotted with evergreen oaks, a large portion 
of the valley is now covered by a veritable forest of deciduous 
trees.” (Broek 1932, quoted in Rossi 1980.)

Later, these orchards were cleared for homes and manufacturing 
plants as the computer industry created what is now known as Sili-
con Valley. Oak woodlands were removed in portions of the Napa 
and Sonoma valleys of northern California to plant vineyards for 
the California wine industry. In some cases, large valley oaks were 
destroyed using explosives (Pavlik et al. 1991). In an article docu-
menting the encroachment of agriculture into valley oak savannas, 
Griffin (1973) wrote, “… the scene is now one of tired relics tower-
ing over an intensively cultivated system.” Those relics in fields 
today are reminiscent of what the ecologist Dan Jansen termed 
the “living dead”—living individuals that are part of the existing 
population but are not contributing to the future population. Most 
regeneration is found in protected waste places such as along fence 
lines and along roadway borders, protected from repeated plowing. 
In the Santa Ynez Valley of Santa Barbara County, high mortality 
and lack of recruitment suggest that the scattered valley oaks that 
persist in these valleys will eventually revert to grassland (Brown 
and Davis 1991).
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Rangeland	Improvement
In the period from about 1940 until 1970, rangeland clearing was the 
major cause for removal of oak woodlands in California (Bolsinger 
1988). Agricultural land clearing was encouraged through federally 
funded programs after 1940, including the War Food Program started 
in 1941, and the Agricultural Adjustment Administration range 
improvement program intended for the Eradication and Control 
of Destructive and Competitive Plants (Griffin and Muick 1990). 
All oak savannas may form hardwood rangelands, as they are often 
referred to (Standiford 1991), but the most widespread are blue oak 
savannas. It was assumed that removal of blue oak would improve 
forage production, so inexpensive methods were devised for killing 
and removing oaks (Rossi 1980). These methods included poisoning 
with herbicides such as 2,4-D and 2,4,5-T (Leonard 1956; Leonard 
and Harvey 1956; Johnson et al. 1959), and burning and bulldozing 
(Brown 1973). 

Woodland clearing was concentrated in agricultural counties (Fig-
ure 4). Between 1948 and 1952, six counties (Amador, Calaveras, El 
Dorado, Placer, Tuolumne, and Mariposa) along the central Sierra 
Nevada foothills accounted for more than half of the 44,000 ha 
cleared (Rossi 1980). In Tehama County, in the 1950s and 1960s, 
36,000 ha of blue oak were cleared. But in 1973, a study found that in 
fact livestock forage was better under oaks rather than on the cleared 
land (Holland 1973). This work prompted a number of studies related 
to forage quality in the oak understory, as well as a reassessment of 
the policy on woodland clearing. But by then a great deal of damage 
had already been done. Between 1945 and 1973, about 356,000 ha 
of oak woodland were cleared for range improvements, averaging 
about 12,800 ha per year (Bolsinger 1988). 

Reduced	Fire	Frequency
Changes in fire frequency, associated with the demise of the na-
tive population and a policy of fire suppression supported during 
the American period, has led to an increase in the density of oak 
woodlands in many wildland settings. In the foothills of Sequoia 
National Park, Vankat and Major (1978) documented a period of 
successful blue oak regeneration between 1860 and 1880. They 
suggested that the increase in woodland density occurred at a time 
when the native population was diminishing and livestock grazing 
was increasing. They hypothesized that the increase in numbers of 
oaks was initiated by livestock grazing, that both removed compet-
ing herbaceous species and reduced fuel loads and fire frequency. In 
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contrast, in nearby Yosemite National Park, cessation of Indian-set 
fires led to an increase in growth of coniferous forests rather than 
oaks (Reynolds 1959).

Between 1850 and 1860, there was a major pulse of blue oak recruit-
ment in the Tehachapi Mountains (Mensing 1992). More than half of 
the trees at the site date to this decade, suggesting that the woodland 
has increased in density. This timing coincides with the removal of 
Native Californians to reservations and the beginning of intensive 

0             100           200            300           400
Kilometers
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Change in total area
of oak woodland
(1945 - 1985)

Figure 4.—Map by county identifying changes in area of oak 
woodlands in California between 1945 and 1985 A.D. (adapted from 
Bolsinger 1988).
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livestock grazing in the area. Prior to 1850, fire scars record fires at 
least once every 10 years, with many scars during the 1850–1860 
decade. After 1860, fires are nearly absent from the region for 50 
years. Similar to what Vankat and Major (1978) described, after 
1860, Native Californians were not carrying out traditional burning 
practices and the introduction of intensive livestock grazing reduced 
fuel loads. Fires kill small shrubby blue oaks, whereas keeping an 
area free of fire for a period encourages successful recruitment of 
saplings and an increase in woodland density (Bartolome et al. 2002). 
Under a regime of frequent fires during the pre-European period in 
the Tehachapi Mountains, young trees would have burned, keeping 
the woodland open. However, in the absence of fire after 1860, more 
trees survived, increasing woodland density. The modern woodland 
with dense stands of blue oaks is an artifact of European impacts 
(Mensing 1992).

Blue oak woodlands in the central Coast Ranges also show a pulse 
of regeneration during the early American period when livestock 
numbers were high (White 1966). Age-structure analysis of blue 
oak sampled in 49 stands of foothill woodland in Monterey County 
found that over half of the trees sampled dated to the decades from 
1875 to 1895. By 1880, livestock grazing within the woodland range 
declined sharply. White suggests that fires were probably not ef-
fectively controlled, but fuel loads were probably not sufficient to 
kill trees anyway. He did not propose a cause of the regeneration; 
however, it is worth noting that the timing matches other studies 
around the state. 

There is some evidence that Engelman oak stands increased in 
density in association with settlement activity during the Ameri-
can period. Age structure studies show that the highest density of 
Engelman oak occurs among trees dating to the period 1830–1880 
(Lathrop and Arct 1987). The authors do not suggest what caused 
this pattern, but again, the timing matches other studies.

Similar increases in oak woodland density in the late 1800s have 
been reported for coast live oak woodlands in the Santa Barbara re-
gion (Mensing 1998). Without periodic fires, coast live oak increase 
in density (Davis et al. 1988; McBride 1974; Callaway and Davis 
1993). Mensing suggested that the increase in woodland density 
after 1880, inferred from increases in percent oak pollen described 
above, coincides with increased population along the coast and im-
proved fire suppression for protection of property. The change from 
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periodic fires set by the Chumash (Timbrook et al. 1982) to a policy 
of fire suppression during the American period has favored coast live 
oak. Small coast live oaks (<7.6 cm diameter at breast height) are 
commonly killed by fire, but trees with trunks >15 cm will typically 
survive (Plumb and Gomez 1983). A cessation of frequent native 
Californian-set fires likely allowed saplings to increase in size suf-
ficiently to persist and increase woodland density. 

At higher elevations where oaks co-occur with pines, the absence of 
fire has favored succession to coniferous forest. At Zaca Lake (730 m 
elevation), at the transition zone between coast live oak and pon-
derosa pine, repeat photography and pollen analysis both show that 
pines have increased at the expense of oaks during the past century. 
No fires larger than a few hectares have burned in the Zaca Lake 
watershed since records began being kept in 1911 (Mensing 1998). 
Today, pines are invading oak woodlands, similar to the successional 
pattern found in Yosemite National Park (Reynolds 1959; Gibbens 
and Heady 1964). Thus where conifers and oaks are associated, fire 
suppression favors conifers, whereas in stands of pure coast live oak, 
the absence of fire favors increased density of oak woodlands.

In the northern Coast Ranges, conifers such as Douglas-fir (Pseu-
dotsuga menziesii) are invading oak woodlands dominated by Oregon 
white oak (Q. garryana) on north-facing slopes and oak savannas 
dominated by blue oak, black oak, and coast live oak on south-fac-
ing slopes (Barnhart et al. 1996). Fire histories indicate that prior to 
1900, fires were widespread and frequent (Finney and Martin 1992). 
The Pomo Indians of this region set fires annually, and these fires 
were probably responsible for maintaining open oak woodlands 
(Kniffen 1939). Reduction of fires over the past century allowed 
oak woodlands to increase in density, favoring the eventual estab-
lishment of the more shade-tolerant Douglas-fir. Douglas-fir shade 
oaks, limiting oak regeneration in the understory. Barnhart et al. 
(1996) conclude that as long as fire is excluded, unusually dense oak 
woodlands will continue to support establishment of Douglas-fir in 
the region, leading to eventual loss of oak woodlands.

Urbanization
In the decades since 1960, most of the loss of oak woodlands has 
been to urbanization as the state’s population has soared. Between 
1970 and 1984, oak woodland converted for residential uses in-
cluded 42,800 ha of blue oak, 15,600 ha of valley oak, 12,000 ha of 
interior live oak, and 9,200 ha of canyon live oak (Q. chrysolepis). 
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The majority of this clearing has taken place in the foothills of the 
Sierra Nevada on the eastern edge of the Central Valley (Bolsinger 
1988). A tongue-in-cheek assessment refers to the new “climax” for 
oak woodlands as ranchettes and housing developments (Barry and 
Huntsinger 2002). Often when land is cleared for residential uses, 
only 20 percent of the trees are removed from the land; however, 
the woodland is essentially removed from wildland status. In many 
cases, trees in residential property are more susceptible to early death 
due to rot associated with irrigation. Thus, although the actual loss 
of trees is slow in this process, it can be significant over time. Ongo-
ing residential development threatens at least another 112,000 ha 
of oak woodlands (Bolsinger 1988).

No historical accounts provide a good description of the original 
range of Engelman oak in southern California, the most restricted 
of the California oaks. Urban sprawl in the Los Angeles and San 
Diego basins has eliminated the species from its northern and 
western range, leaving concentrations on the Santa Rosa Plateau 
in Riverside County and the mountains of San Diego County from 
Palomar Mountain to Cuyamaca Peak (Scott 1991). Nearly two-thirds 
of all Engelman oak woodlands are on private land, and much of 
this occurs on small parcels, making preservation of this woodland 
species precarious. 

The state government and many municipalities have begun to create 
ordinances to slow the loss of oak woodlands in the state. Cities that 
were named for the woodlands they replaced, such as Thousand Oaks 
and Paso Robles, now work to preserve oaks (Elmendorf 1991; Obe-
rauer 1991). Public forums between the ranching community, land 
managers, and land protection groups are seeking ways to protect 
woodlands by maintaining land in farms and ranches in what are 
referred to as “working landscapes” (Barry and Huntsinger 2002). 
After a 150-year history that has treated oaks at best as a natural 
resource to exploit and at worst as an obstruction to be removed, 
Californians are finally recognizing oak woodlands as a valuable 
heritage to protect and use through sustainable means.

New threats—“Sudden oak death”
During 1994–95, a new threat to California oaks was recognized, a 
forest disease now referred to as “sudden oak death.” The disease 
was found to be caused by the pathogen Phytophthora ramorum and 
is known to infect coast live oak, black oak, and canyon live oak, as 
well as a number of other species, but tanoak (Lithocarpus densiflora) 
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appears to be the most susceptible species (Rizzo and Garbelotto 
2003). The pathogen thrives in cool, wet climates, and sites of in-
festation have been restricted to within 30 km of the Pacific coast-
line or San Francisco Bay. To date, 14 counties in California have 
been affected, ranging from Monterey County north to Humboldt 
County, and one county (Curry) in Oregon. In several counties the 
disease has reached epidemic proportions, killing tens of thousands 
of trees. Although a significant research effort is being conducted, 
many questions remain unanswered. The broad range of potential 
hosts of P. ramorum suggests that over time, the disease may cause 
significant ecologic change, including changes in woodland com-
position, reduced forage for wildlife, changing patterns of plant 
succession, and possibly a shift in genetic structure among oaks 
(Rizzo and Garbelotto 2003). 

Conclusion
The first humans arrived in California about 11,000 years ago, and 
soon thereafter there is evidence that indigenous people were using 
acorns as a food source. By the time of European contact, acorns were 
a major part of the diet for virtually every tribe. Native Californians 
were not cultivators; however, they manipulated the environment 
by frequently burning the landscape to improve the gathering of 
acorns, facilitate collection of grass seeds, stimulate growth of shoots 
used for basketry, and clear brush for hunting. These frequent fires 
helped maintain open oak savannas in environments where suc-
cession would have led to coniferous forest. Indian-set fires were 
probably responsible for creating many of the open oak parks that 
the earliest European explorers marveled at.

The Spanish built a string of 21 missions along coastal California 
throughout the range of coast live oaks, but appear to have had re-
markably little impact on changing the abundance or distribution 
of oak woodlands. Exotic annual grasses and forbs introduced with 
the Spanish completely altered the understory vegetation, which 
may have impacted oak seedling regeneration, but there is little 
evidence that they caused major changes among mature oaks. The 
same is true for the brief Mexican period. 

Major changes began during the American period, with the huge 
population influx that accompanied the Gold Rush. Within 2 de-
cades, riparian oak woodlands were nearly completely destroyed. 
Clearing of oaks for agriculture, fuel wood, charcoal, rangeland 
improvements, and urbanization destroyed over 400,000 ha of 
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woodlands. In the Sierra Nevada and northern Coast Ranges where 
fire suppression stopped the practice of periodic burning, conifers 
now out-compete oaks. In the Santa Barbara coastal region, below 
the elevation of coniferous forests, fire suppression has actually 
increased oak woodland density. These woodlands are not simply 
the result of ongoing processes of natural regeneration and recruit-
ment, but of changes in land use practices associated with Spanish 
and American settlement. The appearance of “sudden oak death” 
represents a new threat to oak woodlands.

The long-term history of oak woodlands in California illustrates that 
they have persisted through millions of years of climate change and 
thousands of years of human impacts. Oaks remain the characteristic 
tree of the California landscape.
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 Abstract
As the most populous state in the nation, California is not just 
a major national and international destination for migrants 
and a key source of migrants who head to other United States 
regions. It also has a very dynamic level of internal migration. 
As such, the population of California is very fluid and its people 
readily relocate themselves and their financial resources as socio-
economic situations warrant. Internal Revenue Service county 
level migration data and U.S. Census data were used to analyze 
the relationship of migration to income change in California 
for the years 1995 to 2001. The analysis revealed that during 
the study period certain parts of the state had much greater 
relative gains in income due to migration. Most of the central 
Sierra Nevada counties around Lake Tahoe/Yosemite and a select 
group of metropolitan counties witnessed solid income growth 
from migration while the Central Valley, the Imperial Valley, 
and the Los Angeles area had negative net income changes from 
migration. Although Los Angeles County is the state’s economic 
lynchpin, the flight of higher-income residents from Los Angeles 
gave it the distinction of having the greatest monetary loss due 
to migration of any California county. As migration continues to 
affect the socioeconomic characteristics of the state’s counties, its 
differential economic impact needs to be better understood. 

Introduction
California is the most populous state in the United States, with 
over 33 million residents in 2000. It is physically and culturally 
diverse and has a dynamic economy that attracts many newcomers. 
California’s fortunes have been inextricably tied to migration for 
over 150 years. Between 1985 and 1990 California was the largest 
recipient source and destination for interstate migrants in the United 
States. Within the past two decades, California also drew more in-
ternational migrants than any other state (Muller and Espenshade 
1985; Nogle 1997). Kirsch (1993) and Rogers and Raymer (1998) 
identified California as the population redistribution center of the 
United States. This immigration and emigration has affected policy 
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decisions, environmental concerns, housing, transportation, and 
many other vital socioeconomic issues in the state. Consequently, 
the movement of people into, out of, and within California has had 
a major impact on the state’s economic structure and landscape.

As large-scale population change continues, it is important to assess 
how recent migratory patterns have influenced California. Continual 
improvements in transportation, technology, and communication 
have allowed people more migration opportunities than ever. Recent 
studies of migration in the United States have examined how mi-
grants change the spatial distribution of income in various regions 
(Cromartie and Nord 1997; Nord 1998; Plane 1999). Because so 
many people are moving in and out of California, overall income 
and poverty levels within the state can be greatly affected by these 
migrants. Whether people are moving out of urban cores to the 
suburbs, from the San Francisco Bay Area to Los Angeles, or from 
the Sacramento Valley to the foothills of the Sierras, internal migra-
tion can also significantly affect local income levels. As the more 
wealthy and middle classes migrate out of the large cities of the state 
to distant locales, there could be serious economic repercussions in 
their former counties of residences. This study explores how migra-
tion between 1995 and 2001 changed the economic geography of 
California. It does this by examining the variations in the spatial 
distribution and redistribution of income within the state due to 
both interstate and internal migration. 

Background Literature
Although the focus of this paper is how California was affected by 
migration at the turn of the twenty-first century, some background 
relative to the part the state has historically played in interstate 
migration can put our focus on California’s recent experiences into 
proper context. Since the beginning of World War II, interstate 
migration has been especially important to California’s changing 
population geography. California has both lost and gained popula-
tion to various U.S. regions (Kirsch 1993). In-migration to California 
from other states was more noticeable after World War II; post-war 
and high-tech booms attracted people to the state (Muller and 
Espenshade 1985; Kirsh 1993). Between 1965 and 1970, California 
emerged as a center for the redistribution of people across the na-
tion. The number of interstate migrants both entering and leaving 
the state reached its peak between 1975 and 1980. By 1985, Cali-
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fornia was attracting migrants from other densely populated states 
and redistributing others to remote, less populated areas, but little 
growth was noted since there was a rough balance between those 
entering and leaving the state (Kirsch 1993). 

Knowing the size of migration inflow and outflow is important, 
but it is also critical to understand migrants’ individual character-
istics, such as income and source location. Frey (1995) emphasized 
the composition of migrant flow and income movement as they 
related to California. According to Frey, California’s out-migration 
was composed of two different migration systems in the late 1980s: 
“first, an immigration-induced flight that [exported] lower income 
and less-educated Californians, primarily, to the nearby states of 
Washington, Oregon, Nevada and Arizona. And second, a more 
conventional migration exchange with the rest of the United States 
that involves the exchange of better educated, higher income im-
migrants” (Frey 1995, pp. 354–355). Furthermore, Frey found that 
between 1985 and 1990 California’s population exchanges with 
these nearby states meant a net loss of some 190,000 people. On the 
other hand, migration flows from California to other parts of the 
country, equaled a net gain of 363,000, with many of these migrants 
having high income, high education, and young families, especially 
in comparison with the migrants who moved from California to the 
four nearby states. 

The impact of migration on income and poverty levels at the na-
tional level has been a recent topic of interest. During the 1990s, 
nonmetro areas in the United States had higher levels of in-migration 
than metro areas, and in-migrants tended to have higher incomes 
(Cromartie and Nord 1997; Fuguitt and Beale 1996; see also Frey et 
al 1996). For example, Nelson (1997) showed that in the Northwest, 
counties that experienced high growth (usually nonmetro) tended 
to attract in-migrants with higher incomes (Nelson 1997). Johnson 
and Beale (1994) also found that nonmetro population growth 
was likely to occur in counties that were near metropolitan centers 
(Johnson and Beale 1994). 

Nord (1998) in his study of the nation as a whole in the 1990s 
found that when people move, they usually go to counties with 
similar levels of income and poverty as the county from which they 
migrated. Individuals who moved to low-poverty counties tended 
to come from low-poverty counties, and people from high-poverty 
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counties tended to move to high-poverty counties. In high-poverty 
nonmetro counties, the poor tended to move out, but even larger 
numbers of poor migrated in and the “less” poor tended to migrate 
out (Nord 1998). In-migrants to high poverty counties had lower 
income levels than out-migrants and non-migrants (Plane 1999). 
Thus, both poverty and wealth at the national level and in the West 
became more spatially concentrated.

During the early 1990s, California experienced higher levels of net 
population out-migration than ever before in its history. Between 
1993 and 1994, out-migrants from California had almost $10 billion 
in income, while in-migrants had less than half this amount ($4.9 
billion), resulting in a net loss of more than $4.9 billion in total in-
come (Plane 1999). A similar redistribution of income has occurred 
within the state. This study shows which California counties lost 
income or experienced more growth in poverty during the period 
of 1995 through 2001 because of migration.

Throughout its history, California has been heavily impacted by 
large migration flows. Studies of the spatial effects of migration 
on income and poverty have been conducted for U.S. regions and 
for the nation as a whole. However, the impact of migration on 
income and poverty in California at the county level has not been 
thoroughly studied. In a state where migration has contributed 
significantly to its economic growth and well-being, it is critical 
to understand how migration has changed economic levels within 
individual counties.

Data and Methods
In order to analyze the relationship between migration and income, 
we used migration data published by the Internal Revenue Service 
for the years 1995 to 2001 (IRS 2002). The IRS tracks migrant flows 
at the county level by comparing mailing addresses of current tax 
returns with the previous year’s tax returns. The data are in two sets 
of files, one for in-migration and one for out-migration. These data 
sets provide information on how many individuals (exemptions) 
and households (tax returns) were moving to and from different 
states and counties, what counties migrants were coming from, 
where they were going, and what the aggregate income levels were 
for in-migrants, out-migrants, and non-migrants in each county. 
If a county-to-county migration flow for one year had ten or more 
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households (individual tax returns), then its characteristics were 
listed in the data. Otherwise, the flow was aggregated with others 
from similar regions of the county. 

To assess the impact migration has had on income in California, we 
took the basic IRS data and calculated a number of county-specific 
measures and totals for the period 1995 to 2001. These data figures 
included impacts of both intra-California and interstate migration 
flows. However, because the data are based on IRS tax returns, the 
income effects of illegal migrants and U.S. citizens who did not 
file tax returns could not be measured. For each year, the IRS data 
have totals of in-migrants, out-migrants, and non-migrants for all 
individual California counties. From this, total in- and out-migrant 
income, median in-, out-, and non-migrant median income, net 
income migration, income effectiveness, and per capita income 
change due to migration were calculated. 

Income effectiveness (E) is a percentage ratio of the net to total 
amount of aggregate income accruing to in- and out-migrants (Plane 
1999; see also Shumway and Otterstrom 2002):

E = 100 (YN/YT)

Net income migration (YN) is the difference between the aggregate 
money income of in-migrants (YI) and out-migrants (YO). Total in-
come migration (YT) is the sum of the two factors:

YN = YI - YO

YT = YI + YO

Positive income effectiveness (E) and net income migration (YN) 
values both mean that a particular county had a net gain in income 
from migration. Conversely, negative values of the two measures 
both mean a net loss. The difference is that net income migration 
(YN) is given in a straight dollar amount, while income effectiveness 
(E) is a standardized measure that accounts for differences in county 
population size, so the relative impact of migration on income can 
be compared among different-sized counties. 

We also calculated per capita income changes due to migration (see 
Plane 1999). The measure not only compares in- and out-migrant 
incomes as the net income migration and income effectiveness 
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statistics do, but it also adds in a comparison of the in- and out-mi-
grants with the non-migrants. It therefore has three components, 
which are added together to get the total per capita income change 
effect. The first component compares the income of non-migrants 
with that of the out-migrants. The second compares the income 
of in-migrants to the non-migrants, and the third compares the 
income of the in-migrants to the out-migrants. Because the per 
capita income measure compares migrants’ incomes with those of 
the non-migrants, it is possible for a county to have negative net 
income migration at the same time that there is positive per capita 
income change (the converse is also true).

We developed two other measures to highlight the average distance 
migrants moved in their county-to-county migrations, and to show 
the geographic spread of the source or destination counties. These 
are known as the weighted distance of migration (WDM) and the 
spatial focus. We calculated the WDM by first figuring the distances 
from the center of each California county to the centers of each of 
their top ten source (or destination) counties for migrants. Then we 
weighted the distance values by the number of migrants (IRS exemp-
tions) in each source (or destination) county. The spatial focus was 
figured by taking the percentage of the migrants who traveled to 
(or originated in) one of the top ten destination (or origin) counties 
compared with the total number of out- or in-migrants. These figures 
were averaged over the six-year period and they included counties 
outside of California if they were either a top ten source or destina-
tion. The WDM and spatial focus measures can therefore show the 
spatial reach of each county in terms of its largest migration flows, 
and in so doing it also can help one see the distance of the income 
flows attached to these migrants.

To better understand the role of relative income levels in migration 
patterns, we conducted an analysis of poverty categories. Base pov-
erty data for 1995 came from the U.S. Census Bureau. U.S. counties 
were placed into quintiles based on their poverty rates (Nord 1998). 
The categories range from very low to very high poverty levels. Coun-
ties in the quintile with the least poverty (best off economically) 
were given a rank of one, those in the second quintile received a rank 
of two, and so on to the lowest (poorest) quintile, which received 
a rank of five. In that way, levels of poverty in California counties 
were figured in relation to the nation as a whole. 
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To see the relationship between county poverty levels and income 
migration, we used a weighted rank migration index (WRMI) 
(Shumway and Otterstrom 2003). This index weights and averages 
the poverty ranks of the top ten source (or destination) counties 
for migrants. Most of the time the top ten source or destination 
counties were all in California, but in some cases, especially with 
counties such as Los Angeles and San Francisco, counties outside of 
California were among the top ten. The WRMI can potentially range 
from one to five; a one indicates that all the top ten source counties 
were in the wealthiest (or least poor) quintile, while a five indicates 
that all the top ten source counties for migrants were among the 
poorest quintile of the country. Most WRMI values fall somewhere 
in between the extremes of one and five. 

We then completed three more steps to help us interpret California’s 
income changes due to migration from 1995 to 2001. First, to avoid 
anomalies associated with a single year of IRS data, we averaged or 
totaled each county’s income variables from the six individual years. 
Second, we mapped the income effectiveness, per capita income 
change, weighted ranked migration index (WRMI), spatial focus, 
and the weighted distance of migration (WDM) for all of California. 
Third, in many cases we compared our calculated statistics using 
metropolitan (metro) and non-metropolitan (nonmetro) groupings 
(see Figure 1). The resulting data sets and illustrations are used for 
the upcoming results and discussion.1 

Results and Discussion
We first analyzed how the average per capita median income of 
in-migrants and out-migrants compared to the income of non-mi-
grants within the state. We included both interstate and intrastate 
migrants. Table 1 includes these three segments as well as the median 
income percentages of the migrant populations compared to the 
non-migrant population. The in-migrant and out-migrant median 

1Data Limitations: When studying migration in California using IRS data, there are 
a few limitations that must be mentioned. One major issue is our inability to assess 
illegal immigrants’ income change and economic impact on the counties of California 
using the IRS data. The effects of illegal immigration on California are impossible to 
ignore, yet government data from the IRS does not track undocumented immigrants. 
Also, the IRS data does not allow pinpointing any county to county flows that were 
less than ten households in size. Those smaller flows are aggregated. That means that 
some of the less-populous counties have fewer bilateral county flows identified in the 
different years.
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income values include all in- and out-migrants, whether their ori-
gins or destinations were in California or elsewhere. Surprisingly, 
in all fifty-eight counties, the out-migrant population earned less 
than the stable non-migrant population. Similarly, in fifty-six of 
fifty-eight counties, in-migrants had income averages that were 
lower than the non-migrant population (Calaveras and San Benito 
counties were the exceptions). This means that on average, in- and 
out-migrants to and from California counties made less money than 
the non-migrants in those counties. 

In- and out-migrant incomes were generally highest in the larger 
metropolitan regions, and lowest in the nonmetro counties. San 
Francisco, San Mateo, Santa Clara, Marin, Contra Costa, and Al-
ameda counties (all in and around the Bay Area) had among the 
highest out-migrant incomes in all California (see Table 1). On the 
other hand, the far-flung counties of Imperial, Humboldt, Siskiyou, 
Tulare, and Butte had the lowest out-migrant incomes. Furthermore, 
Humboldt, Imperial, Butte, Tulare, Mono, and Fresno counties had 
the distinction of attracting migrants with the lowest incomes, 
while the highest-income migrants went to San Benito, San Ma-
teo, Contra Costa, Marin, Placer, and Santa Clara counties (all in 
northern California). 

More telling is the comparison between out-, in-, and non-migrant 
incomes, where desirable nonmetro and smaller metro areas had 
the most favorable comparisons. Out-migrants from the populous 
metropolitan counties of San Francisco, Los Angeles, Santa Clara, 
San Mateo, and Alameda had the highest average incomes as a per-
centage of non-migrant median income. All of these counties except 
San Mateo were among those with the most negative differential 
with in-migrants’ income levels, meaning that out-migrants were 
much better off than in-migrants. On the other hand, San Benito 
and Calaveras were the only counties where in-migrant income 
matched or exceeded non-migrant income (all county out-migrant 
median incomes were below the non-migrant medians). San Benito 
and Calaveras as well as the other accessible smaller metro and 
nonmetro counties of Amador, El Dorado, Placer, Tuolumne, and 
Nevada counties had the most positive differentials between in-
migrant and out-migrant median incomes (see Table 1 and Figure 
2). Besides their proximity to the Bay Area and Sacramento, these 
counties also have natural amenities, which may help explain their 
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Table	1:	Comparison	of	Per	Capita	Median	Income	Levels	of	
Migrants	and	Non-migrants	for	California	counties,	Averaged	for	
1995–2001	(in	Dollars).	 	 	 	 	 	
	 	 	 	 	 	
	 	 	 	 Diff.	
	 	 	 	 Between	 In-migrant	 Out-Migrant	
	 Non-	 In-	 Out-	 In-	and	Out-	 (%)	of	 (%)	of		 	
County	 migrants	 migrants	 migrants	 Income	 Non-migrant	 Non-migrant

Alameda		 35,219	 27,940	 30,236	 -2,296	 79.33	 85.85
Alpine*	 25,221	 17,268	 18,596	 -1,328	 68.47	 73.73
Amador*		 29,121	 26,926	 19,574	 7,352	 92.46	 67.21
Butte		 24,511	 14,984	 15,503	 -519	 61.13	 63.25
Calaveras*	 27,734	 28,003	 19,648	 8,355	 100.97	 70.84
Colusa*	 21,569	 18,564	 16,696	 1,868	 86.07	 77.41
Contra	Costa		 40,769	 32,711	 31,371	 1,340	 80.23	 76.95
Del	Norte*		 24,786	 17,593	 16,579	 1,014	 70.98	 66.89
El	Dorado		 34,121	 28,070	 20,371	 7,699	 82.27	 59.70
Fresno		 22,221	 16,978	 17,102	 -124	 76.41	 76.96
Glenn*	 21,954	 17,094	 16,135	 959	 77.86	 73.49
Humboldt*		 23,977	 12,921	 14,078	 -1,157	 53.89	 58.71
Imperial*	 16,750	 13,967	 14,046	 -79	 83.39	 83.86
Inyo*	 26,736	 19,765	 16,423	 3,342	 73.93	 61.43
Kern		 24,634	 19,194	 19,452	 -258	 77.92	 78.96
Kings*		 23,184	 17,705	 18,760	 -1,055	 76.37	 80.92
Lake*	 22,680	 21,382	 16,893	 4,489	 94.28	 74.48
Lassen*		 31,575	 24,067	 20,050	 4,017	 76.22	 63.50
Los	Angeles		 26,290	 20,002	 23,523	 -3,521	 76.08	 89.48
Madera		 22,368	 19,955	 16,826	 3,129	 89.21	 75.22
Marin		 41,889	 32,571	 30,838	 1,733	 77.76	 73.62
Mariposa*	 25,286	 18,906	 16,681	 2,225	 74.77	 65.97
Mendocino*		 24,109	 18,811	 16,554	 2,257	 78.02	 68.66
Merced		 22,306	 19,606	 17,042	 2,564	 87.90	 76.40
Modoc*	 22,134	 19,522	 16,810	 2,712	 88.20	 75.95
Mono*	 24,459	 16,954	 18,058	 -1,104	 69.32	 73.83
Monterey		 26,887	 22,449	 21,542	 907	 83.49	 80.12
Napa		 32,359	 24,582	 23,301	 1,281	 75.97	 72.01
Nevada*		 30,435	 25,691	 20,120	 5,571	 84.41	 66.11
Orange		 32,924	 26,243	 26,604	 -361	 79.71	 80.80
Placer	 37,886	 31,903	 23,528	 8,375	 84.21	 62.10
Plumas*		 28,208	 23,335	 18,187	 5,148	 82.72	 64.48
Riverside		 27,578	 24,401	 20,686	 3,715	 88.48	 75.01
Sacramento		 30,774	 22,455	 24,160	 -1,705	 72.97	 78.51
San	Benito*	 30,695	 33,806	 24,384	 9,422	 110.14	 79.44
San	Bernardino		 28,483	 20,479	 20,725	 -246	 71.90	 72.76
San	Diego		 28,470	 19,144	 20,902	 -1,758	 67.24	 73.42
San	Francisco		 32,393	 27,008	 30,908	 -3,900	 83.38	 95.42
San	Joaquin		 27,776	 25,618	 20,796	 4,822	 92.23	 74.87
San	Luis	Obispo		 28,499	 19,623	 17,327	 2,296	 68.86	 60.80
San	Mateo		 39,923	 33,408	 34,288	 -880	 83.68	 85.88
Santa	Barbara		 28,836	 18,621	 20,251	 -1,630	 64.58	 70.23
Santa	Clara		 41,652	 30,882	 36,845	 -5,963	 74.14	 88.46
Santa	Cruz		 30,196	 21,371	 21,185	 186	 70.77	 70.16
Shasta		 25,381	 19,210	 16,271	 2,939	 75.69	 64.11
Sierra*	 28,789	 22,446	 22,142	 304	 77.97	 76.91
Siskiyou*	 22,349	 18,330	 14,639	 3,691	 82.02	 65.50
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Solano		 34,759	 26,407	 25,355	 1,052	 75.97	 72.95
Sonoma		 32,678	 24,778	 22,262	 2,516	 75.82	 68.12
Stanislaus		 26,328	 21,715	 19,132	 2,583	 82.48	 72.67
Sutter		 25,290	 19,072	 18,293	 779	 75.41	 72.33
Tehama*	 22,475	 17,563	 16,414	 1,149	 78.14	 73.03
Trinity*		 23,010	 19,226	 16,512	 2,714	 83.55	 71.76
Tulare		 20,230	 16,716	 15,288	 1,428	 82.63	 75.57
Tuolumne*	 27,006	 23,124	 17,470	 5,654	 85.63	 64.69
Ventura		 32,675	 27,239	 24,680	 2,559	 83.36	 75.53
Yolo		 28,988	 17,252	 19,546	 -2,294	 59.51	 67.43
Yuba		 22,313	 17,387	 18,708	 -1,321	 77.92	 83.84

*	=	Nonmetro	counties		(source:	calculated	from	IRS	county	to	county	migration	files,	1995–
2001	[IRS	2002]).	 	 	 	 	

Table	1	continued:	Comparison	of	Per	Capita	Median	Income	
Levels	of	Migrants	and	Non-migrants	for	California	counties,	
Averaged	for	1995–2001	(in	Dollars).	 	 	 	
	 	 	 	 	 	
	 	 	 	 Diff.	
	 	 	 	 Between	 In-migrant	 Out-Migrant	
	 Non-	 In-	 Out-	 In-	and	Out-	 (%)	of	Non-	 (%)	of	Non-			
County	 migrants	 migrants	 migrants	 Income	 migrant	 migrant

appeal to people with higher relative incomes (see Shumway and 
Otterstrom 2001 and Cromartie and Nord 1997). 

We examined the in- and out-migrant aggregate incomes for each 
county by calculating the average net income migration (income 
being lost or gained due to net migration) for each year. Average 
net income migration statistics indicate that individual counties 
had wide-ranging gains and losses in income, but that nonmetro 
counties often came up the winners. The twenty-four nonmetro 
counties gained an average of over $177 million each year (or $1.06 
billion during the six-year period), but together the thirty-four metro 
counties lost over $1.1 billion each year due to income migration 
(Table 2). Overall, California lost some $5.83 billion due to migra-
tion between 1995 and 2001.

Per capita income in nonmetro counties increased over $969 during 
the six years due to migration, while per capita income in metro 
counties increased only $337 over the same period (see Figure 3). 
However, within these categories, there were more differences related 
to geographic locale. The coastal counties of Marin, Monterey, San 
Luis Obispo, and Santa Barbara, and the Sierra Nevada counties of 
Alpine, Nevada, Mono, Calaveras, and Placer had the greatest aver-
age per capita income gains due to migration. The greatest declines 
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Table	2.	Average	Income	Effectiveness,	In-	and	Out-migrant	
Income,	Net	Income	Migration,	and	Per	Capita	Income	Change	
Due	to	Migration	for	California	Counties,	1995–2001.		 	 	
	 	 	 	
	 	 		 		 	 	 Per	Capita	
	 	 In-	 Out-	 Net	 	 Income	
	 Income		 Migrant	 Migrant	 Income	 	 Change	Due		
	 Effective-	 Income	 Income	 Migration	 	 to	Migration			
County	 ness	(%)	 	(in	$1000)	 		(in	$1000)	 		(in	$1000)	 County	 (in	$)

Placer	 29.40	 557,479	 289,996	 267,482	 Marin			 701.47
San	Benito*	 26.71	 85,946	 51,336	 34,610	 Alpine*	 699.38
Calaveras*	 26.15	 59,837	 34,180	 25,657	 Nevada*		 518.72
Nevada*		 25.81	 157,531	 90,784	 66,747	 Santa	Barbara		 468.18
Amador*		 24.84	 41,312	 23,890	 17,422	 Mono*		 453.28
San	Luis	Obispo		 23.72	 275,412	 166,576	 108,836	 Calaveras*	 449.86
El	Dorado		 22.20	 271,448	 171,145	 100,303	 San	Luis	Obispo		434.32
Tuolumne*	 20.80	 58,879	 38,461	 20,418	 Placer	 	 414.16
Riverside		 17.81	 1,489,148	 999,824	 489,323	 Monterey		 404.14
Lake*	 16.36	 50,857	 34,446	 16,411	 Napa		 	 389.37
Napa		 15.96	 171,786	 122,279	 49,508	 San	Benito*	 388.86
Sonoma		 15.22	 506,271	 369,971	 136,300	 El	Dorado		 368.52
Shasta		 13.46	 119,571	 87,442	 32,129	 San	Mateo		 339.55
Plumas*		 12.84	 25,316	 19,484	 5,833	 Amador*		 337.65
Mendocino*		 10.19	 60,101	 48,523	 11,578	 Plumas*		 284.50
Mariposa*	 9.87	 18,653	 15,239	 3,415	 Sonoma		 282.41
San	Joaquin		 9.83	 413,981	 322,068	 91,913	 Tuolumne*	 261.73
Siskiyou*	 9.72	 32,047	 26,258	 5,790	 Santa	Cruz		 261.33
Sierra*	 9.70	 3,448	 2,813	 635	 San	Francisco		 254.24
Monterey		 9.66	 417,785	 337,864	 79,921	 Trinity*		 223.06
Trinity*		 8.60	 9,990	 8,284	 1,706	 Siskiyou*	 214.63
Butte		 8.31	 137,219	 114,180	 23,038	 Sierra*		 213.09
Santa	Barbara		 7.67	 416,955	 350,782	 66,173	 Lake*	 	 204.32
San	Diego		 7.64	 2,503,704	 2,109,995	 393,710	 Mendocino*		 194.60
Marin		 7.43	 564,836	 486,466	 78,370	 Mariposa*	 188.91
Mono*	 6.51	 17,544	 15,343	 2,200	 San	Diego		 171.08
Ventura		 4.57	 794,496	 719,226	 75,269	 Ventura		 125.04
Madera		 3.72	 72,121	 66,657	 5,464	 Inyo*	 	 121.33
Inyo*	 3.44	 17,692	 16,447	 1,244	 Orange		 111.50
Stanislaus		 3.37	 260,291	 230,539	 29,752	 Riverside		 105.96
Contra	Costa		 3.19	 1,482,434	 1,384,395	 98,039	 Shasta		 97.01
Tehama*	 2.90	 30,588	 28,589	 1,999	 Butte		 	 93.57
Alpine*	 2.58	 2,016	 1,647	 369	 Modoc*	 86.52
Santa	Cruz		 2.26	 313,347	 306,108	 7,238	 Humboldt*		 81.78
Solano		 1.71	 412,159	 392,186	 19,973	 Madera		 80.65
Yolo		 1.46	 179,017	 168,944	 10,073	 Lassen*		 55.04
Lassen*		 0.10	 25,594	 25,008	 585	 Glenn*		 45.55
Orange		 -1.19	 2,696,778	 2,747,639	 -50,861	 Del	Norte*		 24.99
Humboldt*		 -1.35	 69,650	 71,313	 -1,663	 Fresno		 17.55
Merced		 -1.35	 101,579	 100,654	 925	 Tehama*	 13.77
Modoc*	 -1.56	 6,440	 6,666	 -226	 Colusa*	 13.45
Sutter		 -2.10	 57,163	 59,217	 -2,054	 Tulare			 13.18
San	Mateo		 -2.18	 1,470,081	 1,586,448	 -116,367	 Yolo		 	 8.32
Alameda		 -2.21	 1,954,372	 2,047,080	 -92,709	 Merced		 5.73
San	Bernardino		 -2.57	 1,143,559	 1,186,967	 -43,408	 Sutter			 -2.37
Sacramento		 -2.63	 939,972	 956,930	 -16,958	 San	Joaquin		 -3.34
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in per capita income due to migration were in Sacramento, Contra 
Costa, San Bernardino, and Santa Clara counties. Other losses oc-
curred in the Central Valley counties and Alameda County in the 
Bay Area. This emphasizes the greater per capita income benefit 
that the mountain and coastal counties (both nonmetro and metro) 
received over the valley and the largest metro counties. 

Since per capita income changes from migration consider the dif-
ferences of income between migrants and non-migrants as well as 
among the migrants themselves, they can diverge widely from the 
net income migration statistics. For example, even though Los An-
geles County had by far the greatest annual net income loss from 
migration ($1.77 billion), it dropped per capita income by only 
$16.72 per year. The reason for this small per capita loss was that the 
large negative average net migration of some 82,927 each year acted 
to hold per capita incomes up because the out-migrants made less 
per capita income than the non-migrants. Conversely, Sacramento 

Table	2	continued.	Average	Income	Effectiveness,	In-	and	Out-
migrant	Income,	Net	Income	Migration,	and	Per	Capita	Income	
Change	Due	to	Migration	for	California	Counties,	1995–2001.		 	
	 	 	 	 	
	 	 		 		 	 	 Per	Capita	
	 	 In-	 Out-	 Net	 	 Income	
	 Income		 Migrant	 Migrant	 Income	 	 Change	Due		
	 Effective-	 Income	 Income	 Migration	 	 to	Migration			
County	 ness	(%)	 	(in	$1000)	 		(in	$1000)	 		(in	$1000)	 County	 (in	$)

San	Francisco		 -2.99	 1,672,588	 1,801,145	 -128,557	 Alameda		 -3.90
Del	Norte*		 -3.29	 14,871	 15,907	 -1,036	 Imperial*	 -5.64
Kings*		 -5.41	 68,334	 76,187	 -7,853	 Los	Angeles		 -16.72
Glenn*	 -6.75	 12,146	 13,818	 -1,672	 Yuba		 -22.85
Yuba		 -6.90	 48,898	 55,570	 -6,673	 Solano		 -23.08
Kern		 -8.34	 289,658	 339,482	 -49,825	 Kings*		 -34.12
Fresno		 -9.75	 272,511	 325,760	 -53,249	 Stanislaus		 -41.27
Tulare		 -10.58	 115,521	 142,119	 -26,598	 Kern		 -46.40
Colusa*	 -11.22	 8,179	 10,221	 -2,042	 Santa	Clara		 -81.65
Santa	Clara		 -14.23	 2,299,251	 3,259,478	 -960,227	 San	Bernardino		 -99.77
Imperial*	 -18.41	 56,086	 80,964	 -24,879	 Contra	Costa		 -101.55
Los	Angeles		 -20.06	 3,667,382	 5,433,204	 -1,765,822	 Sacramento		 -137.75
Metro	^	 3.57	 28,088,773	 29,238,336	 -1,149,569	 	 56.20†	
Nonmetro	^	 7.05	 933,057	 755,808	 177,248	 	 161.65†	
All	Counties	^	 5.01	 29,021,830	 29,994,144	 -972,321	 	 59.715†	

*	=	Nonmetro	counties.	 	
^The	Metro,	Nonmetro,	and	All	Counties	lines	were	averages	of	all	counties	in	those	
respective	categories.		
†Totals	normalized	by	the	total	number	of	exemptions	for	non-migrants	in	1998–1999.	
(Source:	Calculated	from	IRS	county	to	county	migration	files,	1995–2001	[IRS	2002.])	 	
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had the greatest loss, with over $137 per capita decline each year 
from migration, but its net income migration loss was only $16.96 
million each year. Sacramento migrants had a larger relative negative 
effect on the income of the county as a whole, and its annual posi-
tive net migration of some 4,316 people with lower incomes than 
the non-migrants actually helped pull down per capita incomes. 

Income effectiveness figures (the statistic that shows the relative 
strength of the gain or loss of income due to migration) indicate 
that nonmetro counties were more positively affected by migration 
than metro counties: nonmetro counties had an average income ef-
fectiveness of 7.05 percent and metro counties had an average of 3.57 
percent. When income effectiveness is mapped, the most striking 
regional pattern in the state was the pocket of high income effective-
ness in the central Sierra Nevadas (around the Lake Tahoe/Yosemite 
area) (Figure 4). Many of the nonmetro counties in northern and 
eastern California had some of the highest income effectiveness 
values, further demonstrating the positive impact migration had 
on nonmetro counties. Spatial patterns of low income effectiveness 
(places that received the least relative economic benefit from migra-
tion) were apparent across the state. In the metropolitan areas, some 
counties in the Los Angeles and San Francisco regions stand out. Low 
values were also in the Central and Imperial valleys. These valleys 
are highly agricultural and have large populations of low-income 
migrant farm workers. Remote Humboldt, Del Norte, and Modoc 
counties in the north, with their high reliance on natural resource 
economies, had lower income effectiveness results as well.

Weighted distance of migration (WDM) and spatial focus statistics 
help contextualize the income migration analysis (see Table 3 and 
Figures 5 and 6). For example, San Benito County had the second-
highest income effectiveness in the state, after Placer County, as 
well as high per capita income changes due to migration. The source 
WDM for San Benito County indicates that the average migrant from 
one of the top ten origin counties moved only about sixty miles 
when moving to the county. It follows that San Benito is a nonmetro 
county within commuting distance of Silicon Valley and the Bay 
Area. The county’s spatial focus statistic also showed that fifty-eight 
percent of out-migrants went to its top ten migration destinations, 
while seventy-seven percent of its in-migrants came from the top 
ten source counties, mostly migrating to and from surrounding 
counties, such as Santa Clara, Monterey, and Santa Cruz. The rela-
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Table	3.	Average	Weighted	Ranked	Migration	Index	(WRMI),	
Weighted	Distance	of	Migration	(WDM),	and	Spatial	Focus	for	
California	Counties,	1995–2001.	 	 	 	 	
	 	 	 	 	 	

	 WRMI		 WRMI	 WDM	(miles)	 WDM	(miles)	 Focus	(%)	 Focus	(%)	
County	 Out-	 In-	 Out-	 In-	 Out-	 In-	
	 migrants	 migrants	 migrants	 migrants	 migrants	 migrants

Alameda		 1.66	 1.45	 60.51	 71.70	 59.15	 63.47
Alpine*	 2.39	 No	data	 15.65	 No	data	 95.67	 No	data
Amador*		 1.78	 1.61	 54.53	 74.96	 55.22	 61.65
Butte		 2.23	 2.26	 122.73	 126.39	 36.26	 40.18
Calaveras*	 2.04	 1.91	 57.58	 65.58	 56.71	 68.12
Colusa*	 3.34	 3.18	 51.14	 57.14	 55.74	 56.20
Contra	Costa		 1.41	 1.32	 71.44	 65.85	 52.26	 65.31
Del	Norte*		 2.67	 2.78	 176.07	 262.16	 39.66	 36.69
El	Dorado		 1.67	 1.60	 107.04	 111.32	 51.72	 58.49
Fresno		 3.21	 3.43	 117.39	 108.04	 40.26	 48.56
Glenn*	 3.32	 3.14	 56.66	 70.23	 57.92	 58.04
Humboldt*		 2.01	 2.00	 254.16	 303.40	 28.84	 32.99
Imperial*	 2.49	 2.54	 126.41	 132.40	 70.21	 69.05
Inyo*	 2.17	 2.23	 177.34	 174.46	 44.40	 59.28
Kern		 2.76	 2.82	 125.35	 109.79	 37.97	 48.88
Kings*		 3.91	 3.89	 113.38	 157.15	 44.71	 51.60
Lake*	 1.68	 1.38	 93.10	 81.57	 42.38	 59.28
Lassen*		 2.29	 2.36	 140.82	 190.25	 39.40	 41.36
Los	Angeles		 1.62	 1.71	 124.99	 213.26	 56.66	 51.17
Madera		 4.32	 4.02	 75.82	 84.54	 56.96	 63.64
Marin		 1.35	 1.59	 72.94	 84.87	 59.40	 60.81
Mariposa*	 3.37	 3.16	 69.56	 85.81	 50.71	 55.80
Mendocino*		 2.08	 1.76	 120.53	 135.45	 41.22	 45.73
Merced		 2.86	 2.37	 78.22	 66.49	 49.65	 64.50
Modoc*	 2.66	 2.50	 99.47	 100.35	 41.65	 40.55
Mono*	 1.93	 2.20	 231.49	 299.28	 50.46	 55.91
Monterey		 2.22	 2.05	 183.85	 138.37	 30.62	 39.73
Napa		 1.35	 1.23	 63.00	 62.66	 55.80	 60.28
Nevada*		 1.55	 1.34	 91.00	 125.50	 49.49	 52.33
Orange		 2.36	 2.56	 111.63	 94.49	 59.90	 65.57
Placer	 1.79	 1.63	 83.52	 95.75	 57.63	 62.67
Plumas*		 2.11	 1.88	 95.52	 133.02	 46.21	 42.97
Riverside		 2.12	 2.10	 107.15	 105.78	 63.70	 75.88
Sacramento		 1.70	 1.72	 91.22	 83.23	 45.27	 48.07
San	Benito*	 2.22	 1.46	 71.03	 59.88	 58.38	 77.01
San	Bernardino		 2.31	 2.50	 124.64	 131.07	 63.04	 73.64
San	Diego		 1.93	 1.94	 266.06	 292.69	 33.76	 35.08
San	Francisco		 1.29	 1.53	 134.54	 297.75	 67.91	 55.26
San	Joaquin		 2.03	 1.51	 77.45	 62.32	 52.00	 67.61
San	Luis	Obispo		 2.21	 2.50	 122.11	 121.80	 45.99	 53.91
San	Mateo		 1.43	 1.58	 59.67	 77.42	 65.79	 68.90
Santa	Barbara		 1.85	 2.12	 131.85	 125.10	 44.04	 46.81
Santa	Clara		 1.72	 1.56	 80.37	 121.88	 48.20	 44.86
Santa	Cruz		 1.59	 1.45	 87.18	 82.13	 47.81	 57.78
Shasta		 2.54	 2.35	 168.55	 178.74	 32.49	 36.01
Sierra*	 2.17	 2.28	 57.54	 42.18	 81.22	 66.10
Siskiyou*	 2.61	 2.13	 144.05	 221.76	 40.01	 36.55
Solano		 1.62	 1.40	 69.67	 57.23	 44.76	 57.39
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tive location of San Benito allows it to have the best of both worlds 
that many migrants look for: city close, yet country quiet. 

The WDM figures highlight counties with more local migration 
and those where movers traveled longer distances. What was the 
geographic migration pattern for Los Angeles County’s large net 
migration income loss and low income effectiveness values? The 
data show that Los Angeles’ out-migrants were moving much shorter 
distances than its in-migrants (125 miles versus 213). This suggests 
urban spillover from Los Angeles County (see Frey 1995), and in 
this case, income loss to neighboring counties. In-migrants to San 
Francisco also traveled quite far in their moves, compared with 
out-migrants, but both in- and out-migrants of San Diego County 
traveled long distances in their moves. This is evidence that the at-
tractive reach of these three metropolitan centers extended to not 
only neighboring counties, but to more distant regions as well. Ad-
ditionally, the in-migration distances of these counties rivaled those 
of the more remote northern counties of Humboldt, Del Norte, and 
Siskiyou. In-migration distances to less-important metro and less-
remote nonmetro counties were generally much less than in San 
Diego, San Francisco, and Los Angeles counties. 

Humboldt County had the lowest spatial focus value for the source 
of in-migrants of about thirty-three percent (one-third of the mov-

Table	3	continued.	Average	Weighted	Ranked	Migration	Index	
(WRMI),	Weighted	Distance	of	Migration	(WDM),	and	Spatial	
Focus	for	California	Counties,	1995–2001.	 	 	 	 	
	 	 	 	 	 	

	 WRMI		 WRMI	 WDM	(miles)	 WDM	(miles)	 Focus	(%)	 Focus	(%)	
County	 Out-	 In-	 Out-	 In-	 Out-	 In-	
	 migrants	 migrants	 migrants	 migrants	 migrants	 migrants

Sonoma		 1.71	 1.47	 94.77	 94.17	 38.35	 49.10
Stanislaus		 2.82	 2.32	 69.27	 59.81	 50.01	 64.22
Sutter		 3.19	 3.27	 50.82	 52.48	 59.42	 65.41
Tehama*	 2.71	 2.57	 102.08	 106.82	 46.11	 48.27
Trinity*		 2.67	 2.74	 61.20	 129.63	 58.50	 52.26
Tulare		 3.61	 3.50	 106.32	 110.41	 47.09	 56.52
Tuolumne*	 2.33	 1.88	 89.48	 97.17	 44.36	 55.50
Ventura		 2.53	 2.61	 105.27	 81.97	 50.20	 62.11
Yolo		 1.72	 1.65	 76.31	 79.48	 55.47	 54.98
Yuba		 2.64	 2.62	 77.31	 91.10	 52.07	 53.19

*	=	Nonmetro	counties		(source:	calculated	from	IRS	county	to	county	migration	files,	1995–
2001	[IRS	2002]).	 	 	 	 	
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ers came from one of the top ten source counties for migrants) (see 
Figure 6). Other remote northern counties of Shasta, Siskiyou, and 
Del Norte also had low spatial focus values, as did metro San Diego. 
This means that these counties were attracting migrants from many 
counties across the state and other states, and not predominantly 
from a few counties. San Benito, Riverside, San Bernardino, Impe-
rial, San Mateo, Calaveras, and San Joaquin counties all had spatial 
focus percentages over sixty-seven, which means that at least two-
thirds of the in-migrants to those counties came from their top ten 
source counties. Therefore, these counties had more focused regional 
in-migration streams. In summary, on average, out-migrants from 
California counties moved shorter distances (smaller WDM num-
bers) but to a greater variety of places (lower spatial focus values) 
than in-migrants who had larger WDM numbers and higher levels 
of spatial focus (more concentrated source origins).

We next explored the relationship between income migration and 
poverty. The poverty type of each county showed similarities with 
the map of income effectiveness values (see Figures 4 and 7). Very 
high poverty areas were in the Central Valley counties and in Impe-
rial County. Low poverty counties included the Bay Area and the 
central Sierra (Lake Tahoe/Yosemite) regions. While the Bay Area 
and Los Angeles region had many of the lowest income-effective-
ness values, the actual counties of San Francisco and Los Angeles 
had moderate and low poverty values respectively. Orange and 
Ventura counties had lower poverty rates than Los Angeles County, 
showing the better economic conditions in the suburbs compared 
with the core metropolitan area. Additionally, although the Bay 
Area had negative income effects from migration, its poverty levels 
were still low. 

The weighted rank migration index (WRMI) shows the average pov-
erty level of migrant source and destination counties. After mapping 
average poverty levels of the top-ten source and destination counties 
(see Figures 8 and 9), we determined that in general, the counties 
with lower poverty levels received migrants from low-poverty coun-
ties, and the migrants leaving those counties moved to low-poverty 
counties as well. Most counties with high poverty levels were in the 
Central Valley (plus Imperial County) and in the southern Sierra 
Nevada. Some counties with lower levels of poverty in these regions 
(i.e., Mariposa and Kings counties) still faced the same regional mi-
gration patterns despite having better economic conditions than 
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their neigh-
bors. Not sur-
prisingly, the 
Central Valley 
had generally 
low income-
effectiveness 
levels and ei-
t h e r  l o s s e s 
or small per 
capita income 
g a i n s  f r o m 
migration. In 
contrast, the 
counties with 
lower levels of 
poverty in the 
San Francisco 
Bay Area and 
in the central 
Sierra Nevada 
area showed 
s t r o n g  m i -
gration flows 
to and from 
l o w e r  p o v -
erty counties. 

These results mirror Nord’s (1998) findings for migration among 
counties across the nation from 1985 to 1990. That is, migration 
tends to reinforce existing patterns of poverty and wealth.

By combining the income and poverty data sets, we calculated the 
total income migration statistics by poverty type and metro/non-
metro status (see Tables 4 and 5). For the metro category it was the 
“Low” poverty counties and not the “Very Low” poverty counties 
that garnered income due to migration. All other groups of metro 
counties lost income due to migration. The “Low” poverty coun-
ties included Monterey, Riverside, Sacramento, San Bernardino, 
San Diego, San Luis Obispo, Santa Barbara, Santa Cruz, and Shasta 
counties, and gained some $5.93 billion over the six years due to 
net income migration. Los Angeles County was in the “Medium” 

Figure 9.
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poverty group, which greatly affected that category’s net income 
migration loss of nearly $9.88 billion.

On the other hand, the nonmetro counties fared better with only 
the five “High” and one “Very High” poverty counties losing income 
to out-migration. Additionally, the total net income migration of 
over $1 billion for “Very Low” poverty nonmetro counties (Amador, 
Calaveras, Mono, Nevada, San Benito, Sierra, and Tuolumne coun-
ties), was the largest (most positive) in comparison with every other 
nonmetro and all metro county grouping besides the “Low” poverty 

Table	4.	Total	Aggregate	Net	Income	Migration,	and	Income	of	In-	
and	Out-Migrants	by	Poverty	Rate,	for	Metro	California	Counties,	
1995–2001.

Poverty	Rate	>>	 Very	Low	 Low	 Medium	 High	 Very	High

In-Migrant	Aggregate		
Income	(in	$1000)	 79,088,338	 55,752,239	 26,392,899	 4,361,472	 2,937,663

Out-Migrant		
Aggregate	Income		
(in	$1000)	 81,457,853	 49,821,795	 36,270,162	 4,469,002	 3,411,192

Net	Income	Migration		
(in	$1000)	 -2,369,515	 5,930,444	 -9,877,263	 -107,530	 -473,529

Total	2000	Population	 10,011,211	 9,535,534	 10,608,863	 1,216,804	 1,377,982

N	=	34	 12	 10	 4	 5	 3

(Source:	calculated	from	IRS	county	to	county	migration	files,	1995–2001	[IRS	2002].)	 	

Table	5.	Total		Aggregate	Net	Income	Migration,	and	Income	of	
In-	and	Out-Migrants	by	Poverty	Rate,	for	Nonmetro	California	
Counties,	1995–2001.	 	 	 	

Poverty	Rate	>>	 Very	Low	 Low	 Medium	 High	 Very	High

In-Migrant	Aggregate		
Income	(in	$1000)	 2,546,982	 764,884	 977,141	 972,812	 336,514

Out-Migrant		
Aggregate	Income		
(in	$1000)	 1,540,844	 675,938	 804,785	 1,027,494	 485,785

Net	Income	Migration		
(in	$1000)	 1,006,138	 88,946	 172,356	 -54,682	 -149,271

Total	2000	Population	 291,830	 152,832	 237,569	 296,662	 142,361

N	=	24	 7	 6	 5	 5	 1

(Source:	calculated	from	IRS	county	to	county	migration	files,	1995–2001	[IRS	2002].)	 		
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category. In sum, the relationship between net income migration 
and poverty level was apparent but not exact. “Low” poverty metro 
counties and “Very Low” poverty nonmetro counties gained the 
most, while the remaining groups of metro counties and two poor-
est nonmetro groups lost money through migration. 

Conclusion
Around the turn of the millennium, California’s income migration 
patterns varied greatly around the state. From 1995 to 2001 Califor-
nia experienced overall net losses in income due to migration, but 
this general statistic does not give a complete picture. Los Angeles 
County lost the largest share of migration-related income, while the 
rest of the state generally fared better. Nonmetro counties, especially 
those in high-amenity areas, made significant economic gains, while 
metro counties, not including Los Angeles, also showed total net 
income gains. However, a number of other metropolitan counties 
such as Orange, San Francisco, and Sacramento lost income during 
the period.

Both income effectiveness measures and poverty analysis using our 
weighted rank migration index (WRMI) illustrated that California 
faced the issue of uneven income benefits from migration during 
our study period. Weighted Distance of Migration (WDM) and 
spatial focus statistics also helped summarize the geography of the 
migration flows. Nonmetro and smaller metro counties in accessible, 
high natural-amenity areas (especially the coast and the central 
Sierra Nevadas) had higher income-effectiveness levels and greater 
per capita income gains due to migration than other parts of the 
state. Many large metropolitan counties, such as Los Angeles, had 
low income-effectiveness and large net migration income losses, 
losing residents with higher incomes than the new in-migrants. 
Areas that were heavily based on agriculture were also negatively 
affected by income migration, especially in the Central Valley and 
Imperial County. 

Migration also reinforced existing patterns of poverty. Migrants from 
counties with higher poverty rates were more likely to migrate to 
other high-poverty counties, while movers from better-off counties 
often moved to other counties with low poverty rates. The Central 
Valley showed particularly strong patterns of migration to and from 
high poverty counties, while counties around the Bay Area generally 
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migrated to and from low poverty counties. The nonmetro counties 
with “Very Low” poverty rates and the metro counties with “Low” 
poverty rates gained the most from income migration, while other 
poverty classes of both metro and nonmetro counties either had 
significantly smaller income gains or losses in income. 

Although we have moved into the middle of a new decade, the im-
portance of the questions analyzed here has not lessened. Continu-
ing income migration in this decade may further strain some of the 
largest counties in the state, which are at the same time grappling to 
accommodate the large number of international migrants, many of 
whom have lower incomes, who continue to find their home in the 
state. The state of California has attracted the rich and the poor for 
over 155 years. As the state’s economic picture continues to shift, 
so will thousands of its people, taking their talents and their money 
with them. Will they find their new home in the Golden State or 
somewhere else?

References
Cromartie, J. D. and M. Nord. 1997. Migration contributes to non-

metro per capita income growth. Rural Conditions and Trends 
8:40–45.

Frey, W. H. 1995. Immigration and internal migration “flight”: A 
California case study. Population and Environment: A Journal of 
Interdisciplinary Studies 16(4):353–373.

Frey, W. H., K. Liaw, Y. Xie, and M. J. Carlson. 1996. Interstate mi-
gration of the US poverty population: Immigration “pushes” and 
welfare magnet “pulls.” Population and Environment: A Journal of 
Interdisciplinary Studies 17(6):491–536.

Fuguitt, G. V. and C.L. Beale. 1996. Recent trends in nonmetro-
politan migration: Toward a new turnaround? Growth and Change 
27:156–174.

IRS. 2002. County-to-county migration flow data (1995–2001) [digi-
tal data files]. Washington, D.C.: Internal Revenue Service.

Johnson, K. M. and C. L. Beale. 1994. The recent revival of wide-
spread population growth in nonmetropolitan area of the United 
States, Rural Sociology 59(4):655–667.

Kirsch, S. L. 1993. California’s redistributive role in interstate migra-
tions, 1935–1990, The California Geographer 33:59–78.

Muller, T. and T. J. Espenshade. 1985 The Fourth Wave: California’s 
Newest Immigrants. Washington, D.C.: The Urban Institute.



56	 The	California	Geographer	n	Volume	46,	2006

Nelson, P. B. 1997. Migration, sources of income, and community 
change in the nonmetropolitan Northwest, Professional Geographer 
49(4):418–430.

Nelson, S. S. and R. O’Reilly. 2000. Minorities Become Majority in 
State, Census Officials Say. Los Angeles Times, 30 August 30. 

Nogle, J. M. 1997. Internal migration patterns for U.S. foreign-born, 
1985–1990. International Journal of Population Geography 3:1–13.

Nord, M. 1998. Poor people on the move: county-to-county migra-
tion and the spatial concentration of poverty. Journal of Regional 
Science 38(2):329–351.

Plane, D. A. 1999. Geographical pattern analysis of income migration 
in the United States, International Journal of Population Geography 
5:295–318. 

Rogers, A. and J. Raymer. 1998. The Spatial Focus of US interstate 
migration flows. International Journal of Population Geography 
4:63–80.

Shumway, J. M. and S. M. Otterstrom. 2001. Spatial Patterns of Migra-
tion and Income Change in the Mountain West: The dominance 
of service-based, amenity-rich counties. The Professional Geographer 
53(4):492–502. 

Shumway, J. M. and S. M. Otterstrom. 2002. Spatial Patterns of 
Migration and Income Change in Pennsylvania Counties, The 
Pennsylvania Geographer 40:83–102.

Shumway, J. M. and S. M. Otterstrom. 2003. Migration and Poverty in 
the Mountain West. Espaces, Populations, Sociétés 2003–1:15–28.



A Climatology of Solar Radiation 
Attenuation During Fog Episodes 
in the Central Valley of California

S. Jeffrey Underwood*, Delphis Levia#, and John Lavin*
*Department of Geography, University of Nevada, Reno

#Department of Geography, University of Delaware, Newark

Introduction 
During the winter season, portions of the Central Valley in Califor-
nia experience as many as twenty-five days with widespread radia-
tion fog (Holets and Swanson 1981). The development of radiation 
fog in this large valley system is reported routinely from October 
through April, with the months of December and January recording 
the most occurrences. During the winter season, the synoptic-scale 
circulation brings an alternating pattern of cyclonic weather systems 
followed by large anticyclones. The winter season storms often 
produce persistent rainfall across the Central Valley, which adds to 
soil moisture and raises the level of boundary layer moisture. The 
anticyclones that follow these storms bring clear skies, calm surface 
winds, and surface-based temperature inversions, which encourage 
radiation fog formation. 

The development of valley-wide radiation fog was the focus of a 
study by Underwood et al. (2004}. In that study, the Geostation-
ary Operational Environmental Satellite (GOES) Nighttime Fog 
Product (NFP) was used to detect variability in fog development 
parameters during nighttime hours across the Central Valley. Fog 
depth and areal extent were found to vary substantially from south 
(near Bakersfield) to north (near Chico). Other radiation fog studies 
conducted in the Central Valley over the past twenty years include 
Suckling and Mitchell (1988), who investigated urban radiation 
fog at four locations near Sacramento, and Lee (1987), who briefly 
described visible satellite images showing preferential dissipation 
of radiation fog over urban locations in the Central Valley. Herckes 
et al. (2002), Collett et al. (1999a), Collett et al. (1999b), Hoag et al. 
(1999), and Lillis et al. (1999) conducted radiation fog studies in the 
San Joaquin Valley as part of the 1995 Integrated Monitoring Study 
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(IMS95). These studies focused on various aspects of radiation fog 
chemistry in the San Joaquin Valley. 

Researchers have assessed the synoptic and local-scale meteorological 
conditions that are required precursors for radiation fog develop-
ment in other parts of the world, including the Hudson River Valley 
in New York, (Meyer et al. 1986; Fitzjarrald and Lala 1989; Meyer 
and Lala 1990), the Netherlands (Duynkerke 1991), the Nord-Pas de 
Calais region of northern France (Guedalia and Bergot 1994), and 
Northern India (Pasricha et al. 2003). 

Background
One aspect of dense fog that is apparent to even the casual observer 
is the reduction in sunlight that reaches the surface during such 
an event. Solar radiation is essential for numerous ecological pro-
cesses, including evapotranspiration (ETo) and photosynthesis. A 
simulation experiment found that frequent fog occurrences in the 
Atlantic maritime provinces of Canada reduced ETo losses by one 
to six percent (Yin and Arp 1994), and in the absence of adequate 
solar radiation, decreased water loss (via transpiration) can lead 
to increase seasonal carbon fixation in forest species (Burgess and 
Dawson 2004). Additionally, Herzog et al. (1998) found that ETo 
losses from forest canopies are most significant where the canopy 
is least coupled with the atmosphere, causing internal competition 
for water resources within individual trees.

This study will develop a climatology of shortwave radiation (SWR) 
attenuation attributable to prolonged fog episodes in the Central 
Valley, and describe the impact of SWR attenuation on ETo and 
surface temperature in the region. 

Upon entering the earth’s atmosphere, SWR, measured in Wm-2, 
may be considered a conserved quantity. SWR, however, may be 
transmitted, reflected, and absorbed as it encounters atmospheric 
gases, liquid or frozen water, suspended particulates, and other 
constituents of the atmosphere. This relationship can be described 
in terms of a single wavelength (λ) as:

 ψλ + αλ + ξλ = 1 (1)

where λ represents a particular wavelength, ψλ represents the amount 
of SWR at wavelength λ that is transmitted by constituents in the 
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earth’s atmosphere, αλ the amount of SWR at wavelength λ that 
is reflected by constituents in the earth’s atmosphere, and ξλ the 
amount of SWR at wavelength λ that is absorbed by constituents in 
the earth’s atmosphere (Oke 1993). The amount of SWR partitioned 
to each of the three variables is a function of the wavelength and 
the size of the atmospheric constituent or the material composition 
and color of a surface. 

Low stratus clouds and fog have the propensity to transmit, absorb, 
and reflect SWR reaching the cloud top. The magnitude of absorp-
tion and reflection is dependent on the solar zenith angle, droplet 
size distribution within the cloud, water content of the cloud, cloud 
height, and vertical extent or depth of the cloud. Fog depth during 
widespread winter season episodes in the Central Valley routinely 
exceeds 300m (Underwood et al. 2004). 

Study Area
The study area (the Central Valley of California) is presented in 
Figure 1. Much of the Central Valley lies below 300m in elevation 
with mountain ranges to the east (Sierra Nevada Range) and west 
(Coastal Range). The valley is prone to cold air drainage and strong 
boundary layer temperature inversions during the winter months. 
The topography and the inversion climatology are two elements 
that make this region prone to frequent and extensive radiation 
fog episodes. 

Data
Data for December and January over the period 1996–2005 were used 
for this analysis. These two months represent the core of the radia-
tion fog season in the Central Valley. Hourly weather observations 
were retrieved from the archived data sets for four National Weather 
Service (NWS) first-order stations (NCDC 2006). A fog-hour was 
identified by an hourly weather report of “FG” (fog) in the weather 
log at each station. Six continuous hours of fog were required for the 
fog episode to be included in the study. Additionally, at least three 
of the hourly observations must have been reported after sunrise 
and prior to sunset (approximately 0800–1600PST). These criteria 
ensure that the fog episodes identified were indeed prolonged and 
therefore more likely to develop vertically and attenuate SWR.
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Solar radiation data, ETo data, and surface temperature data were 
obtained from the California Irrigation Management and Informa-
tion System (CIMIS) (CIMIS 2006). This data set was then paired with 
weather observations from four NWS first-order weather stations to 
perform the solar radiation analysis. NWS and CIMIS stations were 
paired based on proximity between the stations. The station pairs 
follow: 

Figure 1.

Figure 1. Study area. The Central Valley of California is outlined with 
the 300m elevation contour (dashed line). The four analysis sites are also 
identified.
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1) NWS-Oroville (39°29’N, 121°37’W, 57.9m) 
 CIMIS-Durham (39°36’N, 121°49’W, 39.6m)
2) NWS-Sacramento (38°42’N, 121°35’W, 7.0m) 
 CIMIS-Dixon (38°24’N, 121°47’W, 11.3m)
3) NWS-Fresno (36°47’N, 119°43’W, 101.5m) 
 CIMIS-Fresno State (36°48’N, 119°43’W, 103.6m)
4) NWS-Bakersfield (35°26’N, 119°03’W, 149.0m) 
 CIMIS-Arvin-Edison (35°12’N, 118°46’W, 152.4m)

Hourly estimates of Horizontal Solar Irradiance (HIS) were obtained 
from the University of Oregon’s Solar Radiation Monitoring Labora-
tory (SRML). This information was accessed via the SRML Web site 
and matched to the latitude and longitude coordinates of the CIMIS 
stations listed above. The HSI at each site was calculated in units of 
Wm-2h-1 (SRML 2006).

Methods
To estimate hourly SWR attenuation during fog episodes in the 
Central Valley, an analysis was performed comparing SWR receipt 
during foggy conditions to SWR receipt during clear-sky conditions. 
Estimating SWR receipt at the surface for clear-sky conditions re-
quired a modeling approach. Many solar-radiation codes and models 
are available for estimating SWR; however, most of these codes and 
models require extensive initialization data, which was not available 
to this study. A linear modeling approach using HIS as the indepen-
dent variable was chosen for its regional applicability and ease of 
calculation. The modeling was carried out using the general linear 
modeling module from the software package Statistica (Statsoft, 
Tulsa, Oklahoma). The assumptions of normality, linearity, and 
homoscedasticity were checked for individual variables in the regres-
sion equation. The regression variate was checked for the above as-
sumptions as well as for the additional assumption of independence. 
Normal probability plots (of individual variables and residuals) were 
employed to check for normality. Scatterplots were constructed to 
check for linearity between hourly HSI (independent variable) and 
SWR (dependent variable). Scatterplots of the independent variable 
and residuals were utilized to check for homoscedasticity. Residual 
analyses were employed to examine for linearity, homoscedasticity, 
and independence of the regression variate. 

The model designed in this study allowed for estimation of SWR 
receipt at the surface for any hour as if skies were “clear,” present 
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weather was “none,” and surface visibility was “10 miles.” Model 
input consisted of a dependent variable (SWR) and a single inde-
pendent variable (HSI); SWR data were obtained from the CIMIS 
network for each clear-day identified during the POR. The criteria 
for selecting a clear-day for inclusion in the modeling application 
included an NWS hourly weather report of “CLR” in the “sky con-
dition” column of the daily summary (which means that 0/8 of 
the sky is covered with cloud), a blank present weather report (no 
significant weather reported), and surface visibility listed as ten 
miles (unlimited visibility). An independent model estimate was 
calculated for December and January for each of the four analysis 
sites (a total of eight model equations). For the site at Fresno, an 
insufficient number of clear days were identified. To remedy this 
situation, surface data from the first-order station at Visalia was used 
in place of Fresno to identify a sufficiently large population of clear 
days. The spatial proximity (approximately 50km) of the two stations 
provides confidence that the data from Visalia is representative of 
conditions in the Fresno area.

For the comparative analysis, it is assumed that the hourly SWR re-
ceipt at the surface during clear-sky conditions takes the form of:

SWRclr = HSI - (αc + ξc) (2)

where HSI is horizontal solar irradiance, αc represents clear-sky refec-
tion, and ξc represents clear-sky absorption. 

The amount of SWR reaching the surface hourly during a radiation 
fog episode (SWRfog) is assumed to be:

SWRfog = HSI - (αc+f + ξc+f) (3) 

where αc+f and ξc+f represent clear-sky plus fog cloud refection and 
clear-sky plus fog cloud absorption respectively.

To determine the hourly amount of SWR attenuated by radiation 
fog, the parameter SWRdiff is estimated:

SWRdiff = SWRclr – SWRfog(4)

SWRdiff is the amount of SWR in units of Wm-2h-1, attenuated during 
a fog episode.
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Results 
The selection criteria set out above identified a population of ninety-
eight fog episodes at the four sites over the POR 1996–2005. The 
linear modeling application then estimated incoming SWR for each 
of these days as if the skies were clear. The model’s equations for 
each month at each location are shown in Table 1. 

Comparing the modeled clear-sky conditions to the observed SWR 
receipt at the four sites in the Central Valley reveals that there is 
variability in the amount of SWR attenuation from one site to an-
other in the valley. Additionally, the mean hourly percent of SWR 
attenuation varies both between stations and between hours at a 
single station. Figure 2 illustrates the mean hourly attenuation of 
SWR at each of the four stations for the months of December and 
January. The full extent of the stacked bars represents the hourly 
amount of SWR expected at the surface during clear-sky conditions. 
The lightly shaded bars depicted in the figure represent the aver-
age values for SWR receipt at the surface (in units of Wm-2) during 
fog episodes. The dark-hatched portion of each bar in the figures 
indicates the amount of SWR attenuated during a fog episode at a 
particular hour. 

The climographs in Figure 1 suggest that the northern portion of 
the valley represented by Oroville experiences greater than ninety 
percent attenuation of SWR in the early morning hours and sees 
greater attenuation of mid-day SWR in January compared to Decem-
ber. The Sacramento analysis reveals that radiation fog episodes last 

Table	1.	Least-square	Regression	Equations	Derived	for	Calculation	
of	SWR	(W	m-�)	Based	on	HSI	(W	m-�)	for	Clear	Daysa.

	 Regression	equation	 r�	 p	value

Oroville—December			 y	=	-��.946	+	0.69�x	 0.841	 0.000

Oroville—January	 y	=	-66.61�	+	0.��8x	 0.886	 0.000

Sacramento—December	 y	=	-�4.99�	+	0.�61x	 0.8�8	 0.000

Sacramento—	January	 y	=	-6�.94�	+	0.808x	 0.89�	 0.000

Fresno—December	 y	=	-1.8�1	+	0.�1�x	 0.6��	 0.000

Fresno—January	 y =	-1.18�	+	0.�6�x	 0.�61	 0.000

Bakersfield—December	 y	=	-9.6��	+	0.�99x	 0.819	 0.000

Bakersfield—January	 y	=	-1��.�48	+	0.84�x	 0.�86	 0.000
aAll	r�	and	p	values	are	significant	at	the	0.0�	level.
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into the early afternoon in both December and January and that 
more attenuation (as a percentage of hourly totals) occurs during 
December fog episodes as compared to January episodes. Fresno 
seems to experience a uniform hourly attenuation pattern during 
December fog episodes, with peak SWR receipt during fog episodes 
peaking at noon. There is, however, more than fifty percent attenu-
ation during each hour that fog is present. In the southern portion 
of the Central Valley, represented by Bakersfield, fog attenuates more 
than seventy percent of incoming SWR for all hours 0800–1300PST 
during January episodes. Underwood et al. (2004) found that radia-
tion fog develops earlier in the diurnal cycle in the southern portion 
of the valley and that this early development allows fog clouds in 
the southern valley to grow vertically and reach greater thickness.

Since frequently occurring fog has marked impacts on the ecology of 
regions prone to such episodes, this section concludes with an assess-
ment of the impact of SWR attenuation on two primary ecological 
drivers—air temperature and ETo. The mean values of temperature 
and ETo were calculated for a sample of clear hours and a sample 
of fog hours from the population of episodes. The sample analysis 
revealed that temperature was reduced during fog episodes by as little 
as three percent and as much as thirty-nine percent, with a mean 
of twenty percent at the study sites. Mean hourly ETo was reduced 
during fog episodes by sixty-nine percent at Bakersfield, eight-two 
percent at Sacramento, eighty-five percent at Oroville, and ninety 
percent at Fresno. 

Conclusions
To the residents of the Central Valley, winter-season radiation fogs 
are seen as an annoyance that on occasion pose a highway hazard 
or delay air traffic. However, these fog episodes have a tremendous 
impact on the SWR, ETo, and temperature climatology of the Val-
ley. Through this simple comparative analysis, the Central Valley 
is shown to experience substantial attenuation of SWR along a 
north-south transect of the study area. The attenuation of SWR 
varies from hour to hour at each station (with highest attenuation 
percentages at earlier hours), and there is significant variability in 
the percentage of SWR attenuated between December and January 
at each station. The analysis also suggests that when fog episodes 
extend into the afternoon hours, the SWR attenuation percentage 
is still extremely high (greater than fifty percent during each after-



S.	Jeffrey	Underwood,	Delphis	Levia,	and	John	Lavin:	A	Climatology	of	
Solar	Radiation	Attenuation	During	Fog	Episodes	 11

noon hour except 1300 and 1400PST at Sacramento in January). It 
is during the afternoon hours that the greatest gross attenuation 
occurs, resulting in the greatest depression of air temperature and 
the greatest retardation of ETo rates. 

The substantial reduction in SWR, air temperature, and ETo across 
the Central Valley during radiation fog episodes suggests that 
changes in the long-term fog climatology may have broader implica-
tions for the winter season ecology of Central Valley. The long-term 
fog climatology of this large valley system is, in turn, impacted by 
in-valley surface fluxes and circulation patterns as well as synoptic 
scale circulations external to the valley. The interaction, feedback, 
and long-term variability of these elements is the focus of ongoing 
research by the authors.
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Introduction
According to the California Department of Finance, California’s 
population grew by 444,000 people (1.2 percent) in 2005, bring-
ing the total over 37 million by the start of 2006. Californians 
now account for about 12.5 percent of the U.S. population as the 
state’s gross product grows toward $1.7 trillion, accounting for an 
even larger share of the U.S. economy. California continues to rank 
around sixth or seventh among the most powerful economies in 
the world. The state’s cultural diversity has no rival, while attempts 
by its citizens and leaders to make the great cultural experiments 
work remain in the world spotlight. How is California living up to 
its responsibilities as a world leader? These are powerful forces shap-
ing the state and its human landscapes, and they deserve attention 
in a separate sort of state-of-the-state update focusing on human 
trends and landscapes. 

In this paper, the focus is on human-environment interactions in 
California. Specifically, how do Californians perceive and how are 
they working with and adapting to particular natural hazards and 
accelerating environmental changes? Also, how are Californians 
impacting their natural environments? We might consider this a 
brief summary and update, a kind of 2006 state-of-the-state of how 
we are working with natural forces, sharing and living on the land, 
and adapting to the changes and surprises nature throws at us. 
In this limited space, I will focus on just a few of the hazards and 
changes that (arguably) deserve or are already getting the most at-
tention in our state. It takes some courage to present a generalized 
unconventional paper for such a scholarly publication. Consider it 
an entertaining challenge, another call to geographers to use your 
diverse skills and become more involved in the tough decisions 
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being made in your community and your state, decisions that will 
affect California life and landscapes for a very long time.

Natural Hazards
April 18, 2006, marked the 100th anniversary of the great San Fran-
cisco earthquake. This was more than just an extraordinary annual 
commemoration. It gave San Franciscans and Californians one 
more opportunity to reflect upon the devastation caused by an ap-
proximately magnitude eight seismic event near The City. Officials 
and citizens met on Market Street to remember the poorly built 
buildings that crumbled to the ground. They and other Californians 
have learned plenty from this event, including the consequences 
of poor planning and corrupt political deals made with contractors 
who designed and built faulty buildings. Not only did the tenements 
collapse south of Market, but City Hall and many downtown struc-
tures were leveled. Still, it was the more than fifty fires started that 
morning that caught most people by surprise and eventually nearly 
destroyed a helpless city. (San Francisco’s fire chief had warned of-
ficials in 1905 about The City’s substandard water system.) The fires 
merged and burned for four days before the conflagration was con-

Figure 1. The old Bay Bridge is being replaced with new seismic 
engineering.
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trolled with the help of dynamite. As with other California disasters 
that have forever changed us and our landscapes, opportunity and 
renewal erupted out of the devastation and misery. Rapid recovery 
and reconstruction produced a new urban landscape with a new 
government in a city reborn.

Californians have suffered from many earthquakes and other natural 
disasters since. But geographers and others continue to ask what we 
have learned from them, how they impact our landscapes, and if 
we are prepared for the next event that is certainly on the horizon. 
From earthquakes and volcanic events, to weather anomalies and 
climate change, to mass wasting and wildfires, what are the risks and 
which of them should get our attention? These topics are difficult 
to write about, partly because life in twenty-first-century California 
is challenging enough without considering the inevitable disasters 
awaiting us and also because once science pins down the most likely 
threats, nature sends a surprise. Acknowledging that such a surprise 
may have occurred by the time you read this, here are a few natural 
hazards that are most likely to impact Californians and change the 
state’s landscapes. These are hazards that geographers and other 
scientists must keep officials and the public educated about and 
focused upon. Though we may see them as geographic realities, 
the way many Californians continue to perceive them and react to 
them can be embarrassingly absurd.

The Big One
Compared with the 1906 quake in northern California, it has been 
much longer since a major earthquake released substantial energy 
on the southern section of the San Andreas Fault, trending south 
from Parkfield and finally into the San Gabriel Mountains (Ft. Tejon, 
1857). As geologists have estimated average recurrence intervals 
along that section of the fault at somewhere around 130–185 years, 
you can do the math. Still, it is the slice of San Andreas trending 
farther south from Cajon Pass and San Bernardino across the east-
ern edge of the Coachella Valley that has been locked since about 
1690. Seismologists are most concerned that something must soon 
give. Since geologists have estimated chances of the southern sec-
tion breaking at roughly sixty percent in less than thirty years, 
that more southern section into the Coachella Valley may be even 
more likely to produce a big event. Regardless of which segment 
finally breaks, we are talking about violent shaking that will affect 
more than ten million people. Compared to a few decades ago, 
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millions more people have located in harm’s way as the Inland 
Empire population continues to multiply. Add threats from other 
faults that lie directly below major cities (such as the Hayward and 
Newport-Inglewood) and reality sets in: Californians must prepare 
for a catastrophic earthquake that will be the worst natural disaster 
in the history of the U.S.

Of course, this is why new buildings must meet stringent building 
codes while retrofits continue to make many of our older structures 
safer in a race against time. Such standards continue to impact ur-
ban architecture and landscapes across the state. Perhaps the most 
dramatic example is the current replacement of the Oakland-San 
Francisco Bay Bridge with a new structure that should be left stand-
ing after a major seismic event. Such projects costing billions prove 
that Californians recognize the dangers and are willing to pay in 
the short term to decrease long-term risks and costs.

There is plenty of new information coming out of seismologists’ 
recent research. One of the most-recent projects involves the San An-
dreas Fault Observatory at Depth (SAFOD). Funded by the National 

Figure 2. New housing projects compete with Joshua trees near the San 
Andreas Fault, western Antelope Valley.
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Science Foundation in collaboration with the USGS, seismologists 
are gathering new data from deep inside the fault.

Still, after all the scientific studies and reminders of the inevitable, 
are we really ready? When I ask my classes if they have prepared 
for the big one with just a minimum of water and food for several 
days and a few other items in a survival kit, only a small minority 
of students answer yes. One specific example appeared last fall in 
our student paper, The Corsair, at Santa Monica College, after the 
fallout from Hurricane Katrina left its mark on America. Here are 
two sample replies from students who were asked, “Are You Prepared 
for a Disaster?” One student said, “I can’t say I am, I’ve never been 
through one before.” Another student replied, “I haven’t made my 
preparations for a disaster. I don’t think anyone is ready for a di-
saster. I am not scared of any type of catastrophic event, whatever 
happens, happens, it’s meant to be.”

Various surveys across the state yield similar troubling results. And 
when you watch our political leaders falling over themselves to ini-
tiate more deficit spending, including bonding our way into debts 
that will last decades, you must ask whether anyone is visualizing 
the day after. Imagine the sixth or seventh most powerful economy 
in the world brought to its knees by the big one as its residents 
compete for the remaining food, water, and medical care. Think of 
the impact this will have on the already stretched-to-the-limit U.S. 
economic deficit and such agencies as FEMA and our armed forces. 
And if you think there is any exaggeration in this vision, I have this 
reminder for you: Hurricane Katrina.

So, if anyone is paying attention out there, it had better be us ge-
ographers—and that is where there is plenty of hope. Many public 
officials and agencies do get it and are making preparations as I write 
this. But the educational wake-up call about the inevitable earth-
quake catastrophe (whether it hits northern or southern California) 
must be directed to the average Californian. It’s not about trying to 
scare people; it’s about living smart by learning your basic geography 
and preparing for the inevitable. It’s called empowerment. And if the 
Chambers of Commerce are uncomfortable with such discussions, 
we might remind them that they can always move themselves and 
their businesses away from the prosperous Pacific Rim to hurricane 
country, tornado alley, or a place that has real winters where they 
can experience sub-zero-degree weather. I’m staying in California, 
where I can experience some of the most dramatic landscapes 
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sculpted into mountains built by the very forces that threaten us, 
but I’m also hoping my neighbors are ready.

The Great Delta Flood
Now we move on to another disaster that will surprise a lot of 
hydrologists if it does NOT happen: an unprecedented flood on 
the Sacramento-San Joaquin Delta system. Prior to our great water 
projects and the suburbs sprawling east into the Central Valley from 
the Bay Area, such a disaster would not be as noteworthy. But the 
stakes are much higher now as thousands of Delta residents look 
around from their new tract homes near sea level at earthen levees 
built during the 1800s by Chinese laborers.

Similarities to the Mississippi River Delta and New Orleans are star-
tling. Here is a delta that was fed with sediment during each natural 
flood. Organic material grew on top of that and the entire system 
was a vast spongy wetland filter where fresh water mainly from the 
north and the Sierra Nevada trickled and meandered toward the 
west into Carquinez Strait and San Pablo Bay. Meanwhile, salt water 
intruded from the west and into Suisun Marsh and the Delta. Ordi-

Figure 3. Excess runoff floods into Yolo bypass with Sacramento in the 
distance, spring 2006.
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nary tides flooded nearly three-fifths of the Delta, and nearly all of 
it was submerged when flooding combined with the highest tides. 
Runoff from hydraulic mining in Sierra Nevada’s gold fields in the 
mid-1800s brought frequent floods with enormous sediment loads 
down the Sacramento River. Individual farmers sometimes tried to 
control the flooding on their land by competing to build higher 
levees. The result was water chaos. Diking and filling in the Delta 
began in 1850 and continued for more than 100 years. Agencies 
such as the U.S. Bureau of Reclamation, the California Reclamation 
Board, and the U.S. Army Corps of Engineers brought some order, 
working since the early 1900s to control flooding and successfully 
reclaim large areas of the Delta, much of it for farming.

The price of this control and reclamation has been subsidence of 
huge tracts (islands) of Delta land below sea level due to the decom-
position of exposed organic material and continued farming. If some 
of the old levees were to break, the breach could pull sea water in 
from the west and an uncontrollable and almost irreversible flood 
to the Delta. Enter one of California’s top hydrologists: Dr. Jeffrey 
Mount from UC Davis. He correctly refers to the Sierra Nevada/Cen-
tral Valley geography as the perfect flood machine. During normal 
years, runoff from seasonal rains and melting snow is carried in riv-
ers flowing down from Sierra Nevada peaks into the Central Valley 
flood bowl and toward the Pacific. Reservoirs and other flood control 
projects along the way are designed to discharge safe quantities of 
water into the Central Valley and Delta river systems and to store 
the rest. Much of this flow is pumped out of the Delta and diverted 
south for irrigation and urban consumers, using some of the greatest 
water projects on Earth. An unusual spring storm, such as a warm 
heavy rain event on top of a thick Sierra Nevada snow pack, could 
overwhelm the system. Once the levees are breached, sea water will 
rush in and there will be no fresh water to pump south. It could take 
more than a year to fix the system and restore the water projects, 
cutting off water to thirsty water agencies, farms, and millions of 
urban residents to the south.

Agriculture would suffer losses in the billions while cities would 
be forced to find other water sources for industries and residents 
for many months. Adding to the risks are recent studies (reported 
throughout California media) that an earthquake over six magni-
tude in the nearby Bay Area could cause up to thirty of the major 
earthen levees to fail, submerging more than 3,000 homes and 
85,000 acres of farmland. Adding almost unbelievable drama to all 
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of this are the thousands of new homes and tens of thousands of 
people who are spreading across some of the very low-lying Delta 
lands that are at risk. People who can no longer afford to live in the 
Bay Area but still work there are purchasing their California com-
muter dream, gambling that earthen levees built in the 1800s will 
keep their suburban sprawl dry. Simply put, we may be recreating 
the environment for a New Orleans-style disaster, as if we are so 
jealous of their 2005 nightmare.

Though Californians have manufactured this whole complicated 
Delta crisis, there might be some pretty simple geographical solu-
tions. One of the most complicated involves moving water around 
the Delta using a peripheral pipeline. Though this is much more 
than a rehash of the failed Peripheral Canal concept from the early 
1980s, there are some stakeholders who might take advantage of the 
pending Delta doom to push their agendas. Such plans carry plenty 
of questions and problems regarding water quality, the impacts on 
fish and other species, and more general impacts on ecosystems 
all the way into San Francisco Bay. Keep your eye on the environ-
mental groups, farmers, water agencies, and other leaders who are 
compromising, hoping to make the state-federal CALFED Bay-Delta 
Program a success.

There are some simpler solutions. First, stop building at or below 
sea level, especially behind levee systems that are considered un-
safe. We all agree that the Sacramento River and parts of the Delta 
occasionally flood. As Dr. Mount has argued for years, we can give 
the rivers room to do what they naturally do with smart land-use 
planning that preserves enough adjacent farmland and open space 
to absorb occasional floods. There is also the recent media standard 
solution: we must spend the necessary resources to reinforce the old 
levee systems to protect what is already there, including our water 
projects. Fine, but don’t confine these river systems into smaller 
channels so that we can squeeze more developments closer to their 
banks. That will require billions of our tax dollars to build enor-
mous super levees, not to mention the inevitable exorbitant costs 
to taxpayers when the rivers finally and inevitably flood over those 
levees. And if you are wondering why some of these risky develop-
ments are still getting permitted to spread farther into harm’s way, 
try looking at the enormous pressures on families who are trying 
to afford a piece of their own California dream. Then, investigate 
the sources of campaign dollars that fund the politicians making 
these decisions that allow developers to build in harm’s way. Yes, it 
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may be somewhat unconventional to include such obvious politi-
cal controversies within such a scholarly journal. But, regardless of 
your political philosophies, we all know how politics continues to 
play a powerful role in shaping our landscapes and how money is 
shaping the politics. The way we are repeatedly taught these same 
lessons would be hilarious if it weren’t so tragic for some and costly 
to the rest of us. It is easy to be entertained when considering such 
geographic absurdities.

Other Hazards
Now that we’ve summarized what many argue are the top two im-
minent threats, there is a variety of other environmental changes 
and natural hazards that earn our attention, threaten lives, and 
mold landscapes. During the spring of 2006, we were reminded of 
the sometimes dangerous volcanic activity surrounding the Long 
Valley Caldera and Mammoth Mountain. Three Mammoth Moun-
tain ski patrol members died within minutes of being trapped in a 
volcanic vent. The U.S. Geological Survey measured ninety-eight 
percent carbon monoxide emissions from the same vent a few years 
earlier. Numerous other volcanic features and events in the region 
include hot springs, eruptions of toxic gases, and relatively recent 
lava flows. Though Long Valley’s catastrophic eruption occurred 
hundreds of thousands of years ago, smaller eruptions in the region 
date back only hundreds of years. And after numerous earthquake 
swarms since 1980, the caldera has risen more than sixty centime-
ters. Though volcanic hazards are not as widespread as earthquakes 
in California, there are a few spots, such as this region from around 
the Owens Valley north to Mono Lake, but also especially in the 
Cascades, where we must prepare for the possibility of dangerous 
volcanic eruptions and the new landscapes they may create.

As expected, California has also had its share of mass wasting events 
during the past few years. One landslide that many of you are famil-
iar with is found along that steep cliff dropping to the Pacific, called 
Devil’s Slide, just north of Montara on the way to San Francisco. (It 
is said the slide earned its name when bodies were dumped there 
during Prohibition years.) Engineers had to close the Pacific Coast 
Highway again in the spring of 2006 as Devil’s Slide became more 
unstable during the steady March rains. The transportation problem 
should be solved by 2011 when two tunnels are completed through 
the mountain. Since each mass wasting event presents its own ex-
pensive challenges, scientists and communities scattered across the 
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state continue to debate about how to allocate precious resources 
to decrease such threats.

The frequency and nature of catastrophic wildfires in California dur-
ing the past several years also deserves attention in a separate paper. 
Residents of more than a few parts of the state would rank fire as 
the top natural hazard, especially after conflagrations have repeat-
edly scorched landscapes and destroyed property. With our cool, 
moist winter and hot, dry summer Mediterranean environments, 
it would be difficult to write a script to purposely create greater fire 
hazards. The effects of forest management, fire suppression, land 
use, and climate change have created ominous fire environments 
in California, rich for research and analysis.

Recent research confirms the threats from other natural hazards in 
California, such as tsunami, that also deserve specific recognition 
and analysis in separate papers.

Water, Watersheds, Habitat Destruction,  
and Species Extinction
As the state’s population and economy grow, Californians continue 
to struggle over how to use land and water resources. These con-
troversies occur within a global environment where biologists and 
ecologists warn that during this century, we may be participating 
in one of the five greatest periods of mass extinctions in the history 
of the planet. Some of the reasons for these accelerated extinction 
rates include habitat destruction, climate change, pollution, and the 
introduction of exotic species. Californians are fighting battles on 
many fronts to deal with these crises. Here are just three examples 
of how we are coping with the complicated issues and problems that 
erupt when more people with varied interests and needs compete 
for limited resources that include land and water.

The Klamath River
One of the classic water dramas of this young century continues 
along northern California’s Klamath River. During a drought that 
dragged through the first years of this century, potato farmers in the 
upper basin near the Oregon Border complained and demonstrated 
that they needed more diversions from the Klamath watershed. The 
fishing industry and Native Americans in the lower basin and along 
the north coast worried that more diversions would devastate annual 
salmon runs. Still, the federal government sided with the farmers in 
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2002 and allowed the diversions—despite a lack of scientific data to 
predict what might happen to the fish downstream. Sure enough, 
the resulting low flows were blamed for the greatest salmon die-off 
in history. Up to 70,000 returning Chinook salmon were killed by 
parasites in the trickle of remaining water that year, and by 2006 
the total die-off was estimated in the hundreds of thousands. Not 

Figure 4. Diverse stakeholders rely on Klamath River resources.
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only was this devastating to Native Americans on the lower Klamath 
River, but it was determined that the region’s threatened fishing 
industry was worth at least as much as the crops being grown with 
the diverted water upstream.

By 2006, regulators had to enforce a weekly catch limit and a 
shortened season from the Oregon coast down to Point Sur so that 
enough salmon would return to reproduce in the fall. Since one of 
the Pacific Northwest’s most important salmon spawning grounds 
was in danger, the federal government declared a commercial fishing 
failure and offered disaster relief to the region’s fishermen in 2006, 
the worst fishing season on record. The Commerce Department 
estimated losses at $16 million, while politicians and others closer 
to the disaster estimated losses closer to $80 million as local fisher-
men struggled to keep their boats and learn new trades. Meanwhile, 
fish ladders and dam demolitions are among other options being 
considered to restore the Klamath River’s great fisheries.

Forest Resources and Watersheds
California’s forested watersheds represent billions of dollars of 
ecosystem services. Besides providing the obvious forest products, 
recreational opportunities, wildlife habitats, and air sheds, they act 
as great flood-control sponges, absorbing huge volumes of snowmelt 
and rainfall that is gradually released into streams, often during dry 
seasons when we need it most. So, it is no surprise that one of the 
more important reasons for establishing our National Forests and 
other public forestlands was to manage valuable watersheds that 
protect the people and activities downstream. Californians have 
debated and fought since the 1800s about how best to manage 
these resources. Too often, diverse stakeholders do not find com-
mon ground: the results can be poor management of our common 
resources and inevitable disaster.

The good news is there are California examples where timber and 
wood products industries, environmentalists and ecologists, and 
local communities are trying to cooperate, finding win-win compro-
mises that everyone and our resources can live with. Consider this 
mission statement from the WRTC in little Hayfork, way up in the 
mountains west of Redding, a stop during a California Geographical 
Society 2006 field trip:

The Watershed Research and Training Center (WRTC), a com-
munity-based nonprofit organization, was started in 1993 to 
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promote healthy communities and sustainable forests through 
research, education, training, and economic development. This 
work centers around the belief that the relationship between lo-
cal communities and the public forest must change so that the 
economy can rebuild itself based on an ethic of land stewardship. 
The following program activities reflect this attempt to develop 
and encourage sustainable forest-based activities and a vibrant 
economic system for Hayfork and all of Trinity County.

When you talk to the folks up at Hayfork, it becomes clear that this 
mission is not just a façade or some kind of public relations ploy. 
Local stakeholders seem very sincere about working together to 
solve local environmental and economic problems. And the next 
time you step into a Whole Foods market, check out the wooden 
crates used for their food displays; it is likely you will be inspecting 
a wood product from little Hayfork.

There are other examples of responsible leadership within Califor-
nia’s forests. Consider the work of the Conservation Fund, a con-
servation organization that has been acquiring forestland along the 
Garcia River, Salmon Creek, and Big River watersheds south and east 
of Mendocino. Using the latest forest management techniques and 

Figure 5. CGS field trip tours wood products industry in Hayfork.
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input from the region’s stakeholders, it protects the most sensitive 
resources while using sustainable logging to fund its operations. 

Coastal Wetlands
Also important to Californians and our landscapes are the efforts to 
save what is a very small remaining percentage of our rich coastal 
wetlands, unique habitats where fresh water finally reaches the sea. 
Specifically, keep an eye on what is sometimes considered the “string 
of pearls” that includes Upper Newport Bay and the new multi-mil-
lion dollar Bolsa Chica restoration project in Orange County that is 
just being opened to the sea. Another potential restoration site near 
the mouth of the San Gabriel River on the border of Seal Beach and 
Long Beach (Los Cerritos wetlands) is also earning attention. And 
then there’s what’s left of the Ballona Wetlands near Marina del Rey, 
now that the developments are in. These serve as productive rest 
stops for migrating birds and rich, nurturing habitats where fresh and 
saltwater meet and local species reproduce. But they also represent 
prime real estate, especially when developments are planned. How 
many similar dramas can you remember when competing interests 
set their sights on remaining undeveloped but valuable land along 

Figure 6. Wildlife meets developments in upper Newport Bay.
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the California coast? Sounds like another perfect topic for a more 
specific paper in The California Geographer.

Future Water Choices
California’s water struggles already represent some of the greatest 
dramas in the state’s history. But when it comes to current and future 
water resources in California, our growing demands and diversion 
projects raise some serious questions, especially if we take more 
than nature provides. Greater demands for this limited resource may 
cause a decrease in water quality, an increase in costs, and negative 
impacts on ecosystems and species that depend on water. Addition-
ally, as pressures grow on aging existing facilities and infrastructure, 
competition between agriculture, domestic and industrial use, and 
the environment also increases.

Historically, Californians have taken the supply-side management 
approach by building more infrastructure and increasing diversions. 
Two of the most recent trends on the supply side that will carry well 
into this century are the planning of desalination plants along our 
coast and the transfer of water originally meant for agriculture to 
the cities. Still, most Californians and water agencies are finding 
easier and less-expensive solutions by managing on the demand side. 
This includes cutting waste with more-efficient irrigation systems, 
plumbing, and fixtures, and it even includes recycling systems that 
can capture water otherwise lost. California cities and suburbs are 
realizing some of the greatest water savings with smart landscaping, 
including the use of natives or other plants requiring less water.

Climate Change
One of nature’s more recent wild cards involves the frequent 
anomalous weather events that have impacted our state in the past 
several years. As I write this, the most recent event is the July 2006 
heat wave that broke records from north to south across the entire 
state, except on the very north coast. A stubborn high-pressure ridge 
hovered over the southwestern U.S., wandering over and east of 
California. When it meandered east of us, the clockwise flow of air 
from the southeast brought unusually high dry-season dew points 
along with soaring temperatures, especially across southern portions 
of the state. The results were remarkable.

Los Angeles recorded its hottest July ever, with an average high 
temperature near 90 degrees. Woodland Hills recorded more than 
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20 straight days over 100, including the hottest temperature ever 
recorded in L.A. County: 119. Sacramento experienced more than 
10 straight days at 100 or above for the first time, while some hot-
ter Central Valley cities topped 115 for several consecutive days. 
As records were set from the central and south coast to the inland 
valleys and deserts, even southern coastal areas were surprised by 
several different lightning displays and monsoon thunderstorms 
more typical of Arizona. The unusually high humidity also helped 
produce record-warm overnight lows, often dipping into the 70s 
only by early morning, even along the coast. A few desert locations, 
including Needles, experienced overnight lows of 100. In the ab-
sence of northwest winds, coastal upwelling stopped. Ocean water 
temperatures off Orange and San Diego counties soared into the 
high 70s and a few spots briefly topped 80. Coastal residents swel-
tered even at night, and a few days later scores of dead sea urchins 
washed on to some southern California beaches, likely victims of 
the warm water. As air conditioners continued working through 
the heat, the state set new power-consumption records while older 
transformers failed under the load. More than 140 people, many in 
Central Valley cities such as Fresno, died from health complications 
caused by the heat.

This is just one more example of anomalous weather events and 
patterns that have become more frequent, though residents and 
state officials were and are not expecting or prepared for them. You 
might remember just two years ago when some climatologists stuck 
out their necks and used the Pacific Decadal Oscillation to explain 
and analyze natural climate cycles in California. Some predicted 
that we were in a period that would bring cooler-than-normal ocean 
temperatures to the California coastline, resulting in more-frequent 
droughts and more fog along the coast. After these confident mes-
sages got out in the media, southern California experienced its sec-
ond-wettest year in history and that epic July 2006 heat wave. These 
events remind us that natural climate cycles are complicated enough, 
but when we throw anthropogenic factors such as greenhouse gases 
into the equation, we have an experiment never seen before with 
unpredictable results. As records continue to fall, climate change 
is altering our state faster than we can understand it. Scientists are 
already measuring the results.

During the past several decades, the Sierra Nevada snow pack has 
been melting earlier, decreasing spring runoff by about ten percent. 
New studies are finding Sierra Nevada animal species migrating to 
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higher elevations than in any previous time. Sea levels along the 
California coast have risen more than eighteen centimeters (seven 
inches) in the past 150 years. In a July 2006 study published online 
in the journal Science, researchers show a direct correlation between 
increasing temperatures over thirty-four years and the increase in 
western forest fires. The length of wildfire seasons increased by sev-
enty-eight days and the time each fire burned increased by nearly 
thirty days. Scientists from many different fields have been surprised 
to already find such measurable responses to climate change in Cali-
fornia. These trends have also captured the attention of insurance 
companies and emergency service and other state officials, for good 
reason. How should we respond to these climate changes that are 
impacting California landscapes faster than most researchers had 
predicted? In California the answer is more than just responding to 
severe weather events. Instead, scientists and state officials have been 
exploring ways to decrease our impacts on natural climate cycles. 
New knowledge is leading to empowerment that is producing the 
leadership people might expect from California.

By 2005, you could find some scientists and state officials working 
together at the California Climate Change Center on the state’s 
climate-change-portal Web site. A declaration from U.S. West Coast 
Governors read:

“Global warming will have serious adverse consequences on the 
economy, health, and environment of the West Coast states. 
These impacts will grow significantly in coming years if we do 
nothing to reduce greenhouse gas pollution. Fortunately, ad-
dressing global warming carries substantial economic benefits. 
The West Coast region is rich in renewable energy resources 
and advanced energy-efficient technologies. We can capitalize 
on these strengths and invest in the clean energy resources of 
our region.”

Like so many corporations and organizations, California has discov-
ered the green ($) in turning green to clean up the environment and 
slow climate change. Skyrocketing oil prices are helping to fuel this 
trend. There are plenty of examples. California continues to lead 
the world in clean-car technology, and Californians are investing 
in popular wind and solar energy (such as solar roofs) initiatives, 
which are already saving millions of energy dollars and cleaning 
our air. Sustainable industries and jobs are being created as the state 
tries to lead the nation into this new era of economic and resource 
efficiency. As one specific example, during the summer of 2006, 
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Los Angeles and San Francisco joined a consortium of major world 
cities proposing to share technical assistance to reduce greenhouse 
gas emissions and to purchase energy-saving products. The long-
term results may include saving financial resources while making 
our cities cleaner and more livable.

Small businesses have been discovering the profits in running green, 
efficient operations for several years. Unlikely corporations doing 
business in the state, such as BP/Arco, Shell Oil, and even WalMart, 
Home Depot, and GE, have not only acknowledged the problems, 
but are finding ways to decrease their negative impacts as they in-
crease profits and even help their customers become more efficient. 
Those who are stuck in the inefficient ways of the past will be left 
behind.

Summary
Too often, environmental changes and natural hazards get atten-
tion only when they finally become inconvenient or are perceived 
as immediate threats to humans. It is also difficult to get any two 
experts to agree on what are the most important changes and hazards 
that confront us and which deserve our immediate attention. The 
attempt here has been to summarize the risks posed by earthquakes, 
floods, climate change, and a few other environmental changes and 
natural hazards, and to consider how they are shaping our state’s 
landscapes. There are many other natural disasters, cycles, and 
trends worthy of consideration that were left out of this discussion 
due to limited space, so I hope I didn’t frustrate too many readers 
with this unconventional update. This paper provides a convenient 
target, a starting point for others to assess specific natural hazards 
and environmental change in California.

For instance, successes and failures in the battle to curb air pollu-
tion, especially in the polluted Los Angeles Basin and Central Valley, 
continue to be debated. (One specific example of recent cooperation 
is the joint agreement between the ports of Los Angeles and Long 
Beach to reduce pollution from ships, trains, and trucks by more 
than fifty percent.) These are large-scale problems that also deserve 
more attention. The purpose within the limits here is to keep the 
discussions alive; your comments and opinions are welcome.

Again, if there were more space, a logical second part of this paper 
would focus on the state of our human landscapes in California. 
For now, consider how our population and migration patterns, our 
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growing cultural and economic diversity, our connections to the 
world economy, and our urban trends and suburban sprawl con-
tinue to present some challenging problems as they dramatically 
change California. Consider how suburban growth keeps spreading 
inland as people look for affordable housing in a state where only 
thirteen percent of its residents can afford to buy. Consider how 
our cities are accommodating those who want to shed their long 
commutes from the suburbs for a more cosmopolitan life experi-
ence. These and related topics will make for an excellent paper full 
of updates on the state of our state’s human trends and changing 
human landscapes.

All this serves as a reminder that we geographers have the diverse 
skills to help make more-informed decisions about how we will 
live on and use the land. Sometimes as we observe and study the 
drama, it is important to remember that we are all in it together 
and are empowered to move it in a more positive direction. Put in 
other words, helping to direct the train and avert the wreck might 
be more difficult than just observing, but it is also more rewarding, 
and geographers are equipped to do both. One thing is certain: in 
California, we will never be bored trying.
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The Redding Conference

This year’s annual meeting hosted by Shasta College in Redding 
showed the energy, goodwill, collective knowledge, and spirit of 
inquiry that define the California Geographical Society. After a wet 
spring and unseasonably warm temperatures in the North State, 
the 2006 meeting got underway, treating geographers from across 
the state to fascinating landscapes and an engaging geographic 
discourse. 

Friday field trip participants returned with smiles, stories, and 
perspiration-soaked brows from their excursions to Mt. Shasta, the 
Sacramento River (on bike!), and beyond. The Sundial Bridge and 
Turtle Bay Museum provided a fine setting for getting reacquainted 
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with old friends and meeting new friends. Bill Hirt (College of the 
Siskiyous) captivated the crowd with his slides and insightful address 
on Mt. Shasta, the mountain that Joaquin Miller called “lonely as 
God and white as a winter moon.”  

Saturday’s events got underway at Shasta College with breakfast and 
an historical map exhibit of the North State. During the Presiden-
tial Plenary Session, Stephen Cunha (Humboldt State University) 
chronicled twenty years of landscape change in Glacier Bay, Alaska, 
through his signature mix of slides, anecdotes, and scholarly re-
search. Throughout the course of the day, paper, poster, and map 
presenters demonstrated a great breadth and depth of geographic 
inquiry. One particular highlight for students was the working 
geographers’ panel discussion, where job seekers gained valuable 
information to help in their geography career searches. Lastly, with 
the Shasta College cafeteria decked out in a western motif and live 
music playing in the background, the Saturday evening awards 
banquet was a joyous, energetic event. President John Aubert, de-
spite nearly missing the event due to his wife’s false labor, deftly 
orchestrated the awards ceremony.

Sunday provided yet another sunny day as field trippers trekked 
to Mt. Lassen, Hat Creek, Weaverville, and downtown Redding to 
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explore local and regional geographic curiosities. As the last folks 
loaded up to head home, I was left feeling exhausted yet gratified. 
It was clear to me that geographers know how to make the most of 
the environs in which they find themselves. I will not soon forget 
the strong sense of camaraderie and of shared interest among those 
in attendance. I am already looking forward to the 2007 meeting 
in Borrego Springs.

Dan Scollon,
Shasta College Geography
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California Geographical Society 
Award Winners 2006

DAVID LANTIS SCHOLARSHIP AWARDS
Graduate award ($500):
 Mary Brown, San Francisco State University
underGraduate award ($400):
 Cary Blocker, American River College

GEOSYSTEMS AWARD ($250)
Kevin McManigal, Humboldt State University
Applying Remote Sensing and GIS Techniques in Measuring Mass Loss 

in the Palisade Glacier, Sierra Nevada, California

TOM MCKNIGHT PROFESSIONAL PAPER AWARDS
Undergraduate Papers
First Place ($125):
 Julia Howland, University of Southern California
	 The	Effects	of	Highway	Fragmentation	on	Neotropical	Birds	in	

Braulio	Carrillo	National	Park,	Costa	Rica
second Place ($100):
 David Scott, Humboldt State University
 High Populations of Llareta at 5300m on Nevado Sajama, Bolivia
third Place ($75):
  Frank Gravante, Sonoma State University
 Territoriality and the California Secondary School District System
Graduate Papers
First Place ($125):
 Adam Tischler, CSU Chico
 Residential Housing Policies in Eugene, Oregon’s Central Business 

District
second Place ($100):
 Shasta Ferranto, Univ. of Nevada, Reno
 Assessing Mule Deer Habitat in the Eastern Sierra Nevada
third Place ($75):
 Zia Salim, CSU Fullerton
 “Artivist” Landscapes: Community Murals in South Los Angeles
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peer review: Manuscripts are subject to anonymous peer review, a process that takes 
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SuBMiSSion: Please send by mail (or e-mail attachment) three double-spaced hard 
copies of the manuscript and figures to: Dolly Freidel, CG Editor, Department of 
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Mapping the West: 
America’s Westward Movement

Paul E. Cohen. Mapping the West: America’s Westward Movement 
1524–1890. New York: Rizzoli International Publications, Inc., 2002. 

Introduction by David Rumsey. 208 pp., maps, photographs, index. 
$50 hardback (ISBN 0-8478-2492-6).

Reviewed by Frank Gravante, Department of Geography and Global 
Studies, Sonoma State University, Rohnert Park, CA.

At first impression, Mapping the West appears to be one of those books 
that when placed strategically on a coffee table in the home or of-
fice would successfully invite a stranger to browse its pages and not 
be disappointed. And indeed they would not be, as the quality of 
the book, especially the map illustrations, is excellent. Some of the 
maps in the book are very rare and others are reproduced in color 
for the first time. Should you happen to know a little something 
about antique map collecting, then you would expect to find this 
level of quality in a book by this author. Paul E. Cohen is an accom-
plished antique maps dealer and is the coauthor of Manhattan in 
Maps. David Rumsey, who wrote the introduction, is the president 
of Cartographic Associates, a digital publishing firm and a private 
collector of historical maps. 

There are several old adages that come to mind about books, espe-
cially those with many illustrations: “Do not judge a book by its 
cover,” “A picture is worth a thousand words.” Well, in this case 
perhaps a new “old adage” is appropriate: “Maps bring history to 
life!”

This book is both an historical volume and a cartographic reference 
text containing some of the most interesting mappings of America’s 
West, nicely placed in their historical context in such a way that 
they carry the reader along on a special journey. From the genesis 
of the American West, the Cortes Map of 1524, the Map of the Gulf 
of Mexico and Plan of Mexico City, to the 1883 Rand McNally Map 
illustrating the Transcontinental Railroad, Route of the Northern 
Pacific, the author chronicles the advancing territorial boundaries 
during America’s expansion. 
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The table of contents is well outlined, allowing for quick reference 
to a particular time, place, or event, and the index is sufficient for 
reference as well. The author provides a thorough bibliography of 
selected sources for further reading or research along with the il-
lustrations’ credits.

The author engaged the help of seventeen distinguished contribut-
ing authors, from geography scholars to historical curators, from 
specialists in cartographic history at the Library of Congress to state 
historical librarians, each providing sections of the story intermixed 
with the author’s own commentary.

One of the most enjoyable aspects of Mapping the West, though, is the 
storytelling that is woven through the book.  The story is illustrated 
not only by the maps that carry the reader to another era and an-
other place, but also through the individual characters who lived and 
breathed the experiences. Therefore when you begin a section, such 
as the one on the Map of Maris Pacifici, a hand-colored copperplate 
engraving drawn in 1589 by Abraham Ortelius and now held in the 
collection of Richard B. Arkway, you don’t just get a magnificent 
map and those particulars, you also get the fascinating background 
story. The Map of Maris Pacifici, one of the most famous maps ever 
published, is placed in the context of its historical perspective in 
a section titled “The Father of Modern Cartography, Magellan’s 
Legacy.” This section relates the story of the mapmaker Abraham 
Ortelius creating not only this map and others but also something 
new for the era, a new kind of book: the modern geographical atlas. 
In doing so, he secured his place as the “Father of Modern Cartogra-
phy.” This is told within the greater historical context of Magellan’s 
Voyages across the oceans of his maps.

Each map illustration is given a similar section. These include 
“California At Sea: California Becomes an Island” and “Up the Wide 
Missouri: A French Spy in America.” There is also “A Geologist At 
Yellowstone: America’s First National Park.” Each section tells an 
historical and cartographic story. In all, there are sixty sections, 
further grouped under eleven headings. Examples of headings are: 
“The Maps of the Lewis and Clark Expedition”; “Military and Com-
mercial Mapmaking”; and “The End of The Frontier.” 

This organization allows you to read by sections in chronological 
order, or by their larger header groupings, or simply by browsing 
a particular section that interests you. In any manner you choose, 
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it works well. You get the overall movement of history because the 
maps themselves are the visual keys to the temporal journey. Written 
at the level of an advanced college text, although not as technical 
and much more entertaining than most, it is, therefore, informative 
while maintaining interest for the reader.

Overall, Paul E. Cohen’s Mapping the West, America’s Westward Move-
ment 1524–1890 is an excellent scholarly work, with beautifully 
reproduced maps. If I had any criticism, it would be that it is not 
an oversized book, since the maps are so terrific it left me wishing 
I could see them closer to full size! That aside, it will easily find a 
treasured place in my personal reference library.
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INSTRUCTIONS TO CONTRIBUTORS
The California Geographical Society welcomes submissions in the following cat-
egories:

GeoGraphic ScholarShip—refereed articles that reflect the diverse interests of our 
membership and the range and depth of geography (all subfields, regions, and ap-
proaches). Maximum length: twenty pages, double-spaced.

GeoGraphic education—short articles on topics that stimulate geographic education at 
all levels, including innovative teaching techniques, classroom and field activities, 
educational initiatives, and special workshops.

GeoGraphic chronicleS—includes chronicles of annual CGS meeting and presentation 
abstracts, reflective essays about the Society and its members, and items of general 
geographical interest including commentary on issues within the discipline, notices 
of grant or travel/study opportunities, and research notes.

Book reviewS—reviews of recently published books or atlases of particular interest 
to our members.

SUBMISSION GUIDELINES
ManuScriptS: Manuscripts must conform to the guidelines published in recent issues 
of the Annals of the Association of American Geographers. (The Annals follows “Docu-
mentation Two” of the Chicago Manual of Style.) Pay special attention to formatting 
of references and citations, and use endnotes sparingly and only to explicate the 
text. Provide an abstract of 150 words or fewer. Place tables/charts within the body 
of the manuscript, but provide graphics separately as described below.

GraphicS: All graphics—maps, photographs, drawings, graphs—must be clearly read-
able in black and white and cited within the text. For proper formatting of graphics 
and captions, follow Annals examples. For final submission, graphics must be in 
one of two digital formats: EPS (Encapsulated Postscript) for most illustrations, or 
TIFF (Tagged-Image File Format) for raster images. Resolution should be 300 dpi or 
better. Provide each graphic as a separate document, and in addition provide a list 
of captions.

taBleS: Follow examples in the Annals for proper formatting. Place tables in appro-
priate location in the manuscript, not at the end.

diSclaiMer: In your cover letter, provide a statement that your manuscript has not 
been published elsewhere, is not under review elsewhere, and will not be submit-
ted to another publication while under consideration by The California Geographer. 
Articles that have been previously published or are being considered for publication 
elsewhere cannot be considered.

peer review: Manuscripts are subject to anonymous peer review, a process that takes 
approximately four to six weeks.

SuBMiSSion: Please send by mail (or e-mail attachment) three double-spaced hard 
copies of the manuscript and figures to: Dolly Freidel, CG Editor, Department of 
Geography and Global Studies, Sonoma State University, Rohnert Park, CA 94928 
(e-mail: freidel@sonoma.edu). E-mail attachments of manuscript and figures are 
preferred. Do not identify yourself as author anywhere in the manuscript except on 
a cover page. E-mail inquiries to Dolly Freidel at freidel@sonoma.edu.
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