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ABSTRACT

Statistics are developed from five weather stations on
Santa Cruz Island. Record length is 94 years for one station
and between two and eight years for the other four. Tem-
perature and humidity variations are limited by the marine
layer influence, except for the interior island valley which is
isolated by topography. The 1997-1998 water year was the
fourth largest rainfall total recorded since 1904. During a
large storm on December 5 and 6, 1997, these weather sta-
tions recorded precipitation values ranging from 152 mm (6
in) to 254 mm (10 in) over a 36-hour period. This event was
responsible for a large debris flow, which inundated a Na-
tional Park Service campground and moved historic build-
ings off their foundations in Scorpion Harbor. Observations
by park rangers reported rain totals of over 305 mm (12 in)
in that time period.

Keywords: Santa Cruz Island, weather, El Niño.

INTRODUCTION

Although significant climatological research has been
completed on coastal southern California, studies of the cli-
matology of the Channel Islands have been limited and have
not addressed specific islands (Figure 1). The climate of
Santa Cruz Island is especially difficult to generalize be-
cause of its many microclimates. This study, still in its pre-
liminary stages, examines air temperature, relative humid-
ity, wind and precipitation data collected at four recently
installed weather stations and a longer (94-year) record of
precipitation from the Main Ranch, located in the central
valley of the island. Particular attention is paid to a recent
flood event, which affected Santa Cruz Island in December
of 1997.

METHODOLOGY

Data for this study were collected from five sites lo-
cated on Santa Cruz Island: National Park Service (NPS)
Central Valley, Christy Airfield, Christy Pines, Prisoners
Harbor, and the Main Ranch (Figure 2). Automated as well
as standard meteorological instruments administered by NPS,
California State University Northridge, and the U.C. Re-
serve System were used. At the Main Ranch, temperature

and precipitation data have been manually collected. In this
paper, only the precipitation record is analyzed. At the four
automated sites hourly readings of temperature and relative
humidity were recorded at standard heights of 1.5 meter (m),
whereas wind speed/direction were recorded at heights vary-
ing between 2.5 and 6 m. In the vicinity of the Main Ranch
manual station, the National Park Service automated weather
station was established in April of 1990. However, it has
been moved three times from its original location near
Centinela (elev. 155 m), to the vicinity of the U.C. Research
Station approximately 1 km west of the Main Ranch (elev.
62 m), and finally to just south of the Main Ranch on a north-
facing slope (elev. 152 m). This change was noted in the
record but the move was not judged to be significant enough
to warrant separation of the data. The Prisoners Harbor
weather station was originally located in the Central Valley
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Figure 1. Southern California coastal region.

Figure 2. Location map of Santa Cruz Island weather stations.
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near Cañada de la Portezuela (elev. 137 m) in the late 1980s,
but in June of 1995 the station was moved to the coast (elev.
122 m) to fill a gap that existed in the coverage of the island.
Only the later data by the coast was analyzed for this report.
Two more stations, maintained by California State Univer-
sity Northridge, were added in December of 1996: Christy
Pines (elev. 419 m) and Christy Airfield (elev. 64 m) (Fig-
ure 2). The siting of these new stations was designed to fill
in gaps that existed in the climatic coverage of the island.
Thus, data are presently being collected from four distinct
geographic regions: the central valley, coastal plain, moun-
tain peak, and northern coast.

CLIMATE

Santa Cruz Island is the largest of the California Chan-
nel Islands, with an areal extent of 248 km2. It is located
approximately 25 km from the coast of Santa Barbara (Fig-
ure 1) and reaches a maximum elevation of 753 m. The is-
land is aligned approximately east-west, roughly parallel with
the prevailing winds. A large fault controlled valley runs
down the central axis of the island, bounded by mountains
that rise to elevations of 700 m or more. The climate of Santa
Cruz Island is Mediterranean Dry Summer Subtropical, with
a cool summer regime (Kimura 1974; Ryan 1994). The sur-
rounding Pacific Ocean effectively moderates seasonal and
diurnal temperature and humidity ranges. A steady inflow
of marine air minimizes temperature changes over much of
the island. Diurnal temperature ranges tend to be small, with
relatively cool days and warm nights (Kimura 1974). Sea-
sonal variations in wind in the region are related to shifts in
the location of a semi-permanent anticyclone over the east-
ern Pacific Ocean and the intensification of a semi-perma-
nent thermal low over California and the Great Basin (Nelson
1977). The semi-permanent Pacific subtropical anticyclone
or Pacific High is extremely important to southern Califor-
nia weather. The Pacific High deflects storms and produces
a prevailing onshore flow of moist Pacific air at the surface
into the region. At elevation, the Pacific High produces sub-
sidence of warm, dry air restricting the location of moist
marine air to the lowest few hundred meters above the sur-
face (Rosenthal 1972).

Topography plays an important role in defining the
island’s microclimate. The central valley has greater tem-
perature and humidity extremes due to its isolated location.
The central valley is hotter and drier in the summer and re-
ceives more precipitation in the winter months than any other
coastal station. Along the immediate Santa Cruz Island coast,
low clouds predominate during the summer months, while
inland valleys remain generally clear.

Summer Pattern

The most dominant climatic control for coastal south-
ern California during both summer and winter is the semi-
permanent Pacific subtropical anticyclone or Pacific High
(Kimura 1974; Ryan 1994). In summer, this high pressure

cell strengthens and moves northward from over the eastern
Pacific Ocean toward the northern California/Oregon coast.
A clockwise flow of air around the high results in persistent
northwest winds over most of the offshore area (Rosenthal
1972). Active subsidence with the high pressure results in
air warmed by compression and the creation of a tempera-
ture inversion (Neiburger et al.1961; Baynton et al. 1965;
Rosenthal 1972; Kimura 1974; Nelson 1977). The inver-
sion base near the coast of southern California is approxi-
mately 400 to 600 m but rises gradually westward and is
slightly higher at Santa Cruz Island. Cool water flowing
southward from the California Current helps maintain this
inversion at low elevations along the southern California
coast (Neiburger et al. 1961; Nelson 1977). Fog and low
stratus clouds are created as the overlying air is chilled by
cool water. These inversions create very stable atmospheric
conditions which limit convective activity and turbulent dif-
fusion above the inversion base. Thus, during the summer
months the only precipitation is light drizzle from stratus
clouds.

Infrequently, during non-winter months a deepening
of the marine layer known as a Catalina Eddy occurs off the
coast of the southern California. An eddy is the rotational
movement occurring in a flowing fluid that appears as ir-
regular whirls. The Catalina Eddy is responsible for creat-
ing a thick persistent marine layer with stratus clouds and a
weak cyclonic flow throughout the offshore region (Bosart
1983; Dorman 1985; Wakimoto 1987; Mass and Albright
1989; Clark and Dembek 1991; Thompson et al. 1996).
During such events, Santa Cruz Island is inundated with a
thick marine layer that persists at mountain summit loca-
tions as well as in the interior reaches of the Central Valley.

Winter Pattern

Toward the end of October and early November the
stable atmosphere of summer is broken down. The Pacific
anticyclone weakens and migrates southward, permitting
frontal systems to enter southern California (Kimura 1974).
As a result, precipitation is concentrated in the winter months,
with 94% of all rainfall occurring between the months of
November to April. The 94-year precipitation table at the
Main Ranch (Table 1) shows an average annual rainfall of
515 mm (20.26 in). Precipitation totals increase with eleva-
tion giving the island a diverse rainfall total. Average rain-
fall along the coast is approximately 380 mm (14.96 in).
Prevailing winds are generally from the west or northwest
with surface wind patterns modified by local topography. In
late fall and early winter as the Pacific anticyclone cell be-
gins to move northwest and surface high pressure develops
over the Great Basin, light offshore winds develop bringing
relatively clear days to southern California (Nelson 1977;
Dorman and Winant 1995). If the surface pressure over the
Great Basin greatly exceeds that found along the southern
California coast, very strong winds develop known as Santa
Ana winds (Small 1995). These high winds create an off-
shore flow strong enough to reach the Channel Islands and
be potentially dangerous to boaters (Small 1995).
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DATA ANALYSIS

Air Temperature

Central valley temperatures were analyzed from the
1990-1998 record of the NPS automated weather station.
For the time period analyzed, the mean annual temperature
was 13.4°C. The highest mean monthly temperature (17.5°C)
occurred in August, while the lowest mean monthly tem-
peratures (9.4°C) occurred in December and January. Dur-
ing winter in the central valley, it is not uncommon to find
minimum temperatures on the coldest days to be well below
freezing. Extreme minimum temperatures have reached as
low as –8.3°C. During summer and fall, central valley air
temperatures are warm, as cool marine air is held back by
the surrounding mountains. Maximum recorded temperatures
reached 39.4°C.

The Christy Airfield weather station is located on a
narrow coastal plain at the western end of Santa Cruz Is-
land. The climate at this site is influenced by its proximity
to the coast and location on the prevailing wind side of the
island. Temperatures are moderated by the cool sea breeze
throughout most of the year. Daily temperatures gradually
increase as the marine layer dissipates. The mean annual
temperature for Christy Airfield was 16.2°C. This relatively
high annual average is principally a result of the moderating
effect of the ocean and the low elevation (64 m) of the sta-
tion. Mean monthly temperatures were highest in August
(18.4°C) and September (19.1°C), while the extreme maxi-
mum temperature occurred on November 2, 1997 (37.2°C).
Mean annual minimum temperatures in winter were as low
as 9°C in December, with the extreme minimum tempera-
ture of 2.2°C recorded on February 26, 1997.

The Christy Pines weather station is also located in
western Santa Cruz Island, but at approximately 419 m el-
evation, it is the highest weather station used in this study
and the only station located on a mountain crest. The station
is sited in an open area among pine trees just below a north-
facing crest. A thick marine layer and the station’s proxim-
ity to the coast are the strongest factors in moderating tem-
peratures at this location. The Christy Pines mean annual
temperature was 15.0°C, which is less than the Christy Air-
field and Prisoners Harbor mean, but above the longer-term
record of the central valley (13.4°C). This difference in mean
annual temperatures is primarily due to colder winter tem-
peratures and less influence of the marine layer in the Cen-
tral Valley. The highest mean monthly temperature (21.2°C)
occurred in September, and the extreme high temperature
(36.0°C) occurred in August. Annual mean monthly tem-
peratures vary according to the depth and penetration of the
marine layer. For example, a significant drop in the mean
monthly temperature occurred in June 1997, when the tem-
perature averaged 13.9°C. This drop was due to an increase
in the marine layer, which effectively lowered temperatures.
The following July mean monthly temperature rose to
17.1°C. The lowest mean monthly temperatures (11.1°C)
were recorded in February. The extreme minimum tempera-
ture reached a low of 3.7°C in March. In autumn, mean

Table 1. Precipitation record from Santa Cruz Island Main
Ranch (courtesy L. Laughrin).  Data taken with a standard
four inch rain gauge.
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monthly temperatures begin to decline, but mean maximum
and extreme monthly maximum temperatures stay high due
to a less persistent marine layer.

The Prisoners Harbor weather station location greatly
affects its temperature regime. Located at an elevation of
122 m, the station sits on a north-facing coastal bluff over-
looking the harbor (Figure 2). Station temperatures are mod-
erated by nearness to the coast and are consistent through-
out the year. The mean annual temperature for Prisoners
Harbor is 16.1°C, just below that of Christy Airfield. The
highest mean monthly temperature (19.1°C) was recorded
in September. The extreme maximum temperature (34.8°C)
was recorded in October. The lowest mean monthly tem-
perature (13.6°C) was recorded in January and February.
The extreme low temperature (5.5°C) was recorded in Feb-
ruary. As with the Christy Airfield and Christy Pines sta-
tions, Prisoners Harbor weather station also exhibits a drop
in mean monthly temperatures in June due to an increased
marine layer. Interestingly, the central valley weather sta-
tion shows no dip in mean monthly temperature in June owing
to its interior position remote from the invading coastal
marine layer.

Relative Humidity

Central valley relative humidity is mainly affected by
the surrounding Pacific Ocean, but is also modified greatly
by its inland valley location. Geographically surrounded by
mountains, the central valley does not receive as much daily
influence from marine intrusion, and as temperature rises
humidity begins to decrease. The mean annual relative hu-
midity of 72% is lower than any of the other stations (Figure
3). Humidity tends to drop slightly in April (68%) and in
October/November (68 and 65%) but remains high in the
intervening summer months. In June, humidity readings in-
crease as the marine layer develops, creating early morning
fog that burns off during the day. With the development of a
Catalina Eddy, the thicker than normal marine layer allows
fog to persist in the Central Valley for the entire day. In the
late fall/early winter offshore winds develop bringing dry
continental air to the island decreasing humidity. During
periods of very strong offshore flow and high temperatures,
relative humidity has reached minimum values of 3 to 4%.

Christy Airfield has the highest mean annual relative
humidity (79%) of any weather station (Figure 3). Daily
humidity remains high over the course of the year, except
for October when mean monthly humidities drop to 67%
associated with an increase in temperature and a change in
wind direction as off-shore flow creates dryer conditions in
this part of the island. During May through September, ex-
treme minimum relative humidities remain high (35 and 51%)
due to a deep persistent marine layer.

Christy Pines has a mean annual relative humidity of
75% (Figure 3). Humidities remain high through winter and
peak in June with a mean monthly relative humidity of 92%,
the highest monthly average of any weather station. In June
mean monthly humidities never dropped below 49%, indi-
cating a thick persistent marine layer. Near the end of

October humidities begin to fall as the marine layer breaks
down due to increased offshore winds.

The mean annual relative humidity is 74% at Prison-
ers Harbor (Figure 3). Values of average relative humidity
remain relatively constant throughout the year, and do not
exhibit the drops in humidity seen at the Christy Airfield
and Christy Pines stations during the winter. Summer hu-
midities (June to September) remain high (80%) due to a
persistent marine layer with the highest monthly mean rela-
tive humidities (83%) occurring in July and August with a
range of 65 to 83%. The lowest mean monthly relative hu-
midity (65%) was recorded in the month of April. Average
monthly relative humidity values on Santa Cruz Island are
high throughout the year at all stations. Values of maximum
relative humidity are 99 to 100% for every month of the
year. The greatest difference between the stations occurs in
the summertime minimum values, which average about 10
to 12% at Prisoners Harbor and NPS Central Valley, but
reach 48 to 50% at Christy Airfield and Christy Pines. These
differences can be attributed to proximity to the coast and a
prevailing west-northwest wind which brings moist marine
air to Christy Airfield and Christy Pines throughout the sum-
mer.

Wind

Wind speed and direction within the central valley are
strongly influenced by local topography. A windrose of av-
erage hourly wind direction for 1997 displays how the pre-
vailing west-northwest wind is aligned parallel to the valley
axis (Figure 4). A smaller easterly component of air flow
results principally from cold air drainage within the central
valley. Drainage down the axis of the central valley from
east to west and input from nearby canyons helps to change
wind direction from predominantly west to east in the early
morning hours. Average wind speeds in the central valley
are 4 to 6 m s-1. Average hourly wind gusts ranging from 6 to
8 m s-1 are fairly common and are recorded from both the
east and the west.

Winds at the Christy Airfield are predominantly from
the west and west-northwest. Almost 84% of all winds

Figure 3. Mean monthly relative humidity comparison of four
automated weather stations on Santa Cruz Island.
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recorded flow from that direction. A smaller wind compo-
nent comes from the east and east-southeast direction. The
origin of this easterly component of flow is as yet unclear. It
may result from downslope flow from the mountain peaks
above the Christy Airfield and or from a contribution of
strong Santa Ana winds. Average wind speeds at the Christy
Airfield are between 4 and 6 m s-1 with gusts of up to 15 m
s-1. The strongest winds come from the east.

Wind speed and direction for the Christy Pines weather
station are incomplete. In August of 1997, the wind speed
sensor failed, leaving only values for wind direction. The
wind speed and direction data for the Christy Pines are from
January 1, 1997 to August 1, 1997. For this period, west
winds predominated with values from the west, west-south-
west, and west-northwest making up approximately 84% of
all wind readings (Figure 4). Easterly winds made up a very
smaller percentage of the total average, approximately 13%.
Average wind speeds were between 4 and 6 m s-1. Wind gusts
of over 20 m s-1 were from the west, although most gusts
greater than 16 m s-1 were from the east.

Wind speed and direction at Prisoners Harbor are
highly modified by local topography. The Prisoners Harbor
weather station recorded 50% of its total wind direction from
the north and north-northwest as prevailing westerly winds
are topographically modified to curl around the island. A
smaller wind component is seen from the south, south-south-
west and south-southeast. This wind from the south is mainly
due to cold air drainage, occurring in the early morning hours.
An easterly component of wind is also recorded approxi-
mately 12% of the time. Easterly air flows are due to both
offshore flow and as frontal storms pass over the island.
Average hourly wind speeds are between 4 and 6 m s-1, with
gusts of up to 21 m s-1. Most high winds at Prisoners Harbor
are seen during the passage of frontal storms over Santa Cruz
Island.

Precipitation

Hand-recorded precipitation for the Main Ranch dates
back to January 1904. This 94-year record was well main-
tained over the years and represents the longest precipita-
tion record for any Channel Island (Table 1). The rainfall
record was kept by the Caire Family, Stanton Family, and L.
Laughrin. The rainfall patterns during the 94-year record at
the Main Ranch are very similar to those for Santa Barbara
(elev. 34 m), although rainfall totals at Santa Cruz Island

slightly exceed those at Santa Barbara. Santa Barbara’s av-
erage rainfall total (431 mm) is nearly 85 mm less than that
for Santa Cruz Island’s Main Ranch station (515 mm). The
greatest annual total (1426 mm) at the Main Ranch occurred
in the 1940-1941 water year (July 1 to June 30), whereas
Santa Barbara’s greatest rainfall total (1194 mm) occurred
in the 1997-1998 water year. The second-ranked largest pre-
cipitation total at Santa Barbara was 1148 mm for the 1940-
1941 water year, 278 mm less than recorded at the Main
Ranch. The Main Ranch’s 1997-1998 water year total was
its fourth greatest recorded total with 1102 mm. The lowest
recorded rainfall total (161 mm) at the Main Ranch took
place during the 1989-1990 water year and Santa Barbara’s
lowest rainfall total since 1904 was 162 mm in the 1923-
1924 season. Santa Barbara’s all-time lowest rainfall total
was 114 mm in the 1876-1877 season, before records were
kept on Santa Cruz Island (Ryan 1994). The greatest single
monthly total for Santa Barbara was 615 mm in January of
1995 and in that same January, the Main Ranch recorded its
greatest single month’s precipitation total, 778 mm.

Rainfall totals for the Christy Airfield were recorded
from January 1997 to August 1998. During the 1997-1998
water year Christy Airfield received 764 mm of precipita-
tion (Figure 5). This was the lowest rainfall total from any
weather station and is primarily due to its low elevation along
the western coast of the island. The greatest monthly total
was 333 mm, recorded in February of 1998. During the large
two day storm of December 5 and 6, 1997, this station re-
ceived 145 mm of rainfall in the first 24-hours and 170 mm
total in 48-hours (Figure 6). This storm total was the lowest
of all stations on the island.

For the 1997-1998 water year the Christy Pines sta-
tion recorded the largest rainfall total (1082 mm) of any
automated weather station (Figure 4). This water year total
was just below that of the Main Ranch’s 1102 mm total. The
largest monthly rainfall total recorded at the Christy Pines
was 469 mm in February of 1998. During the December 5
and 6, 1997 storm, this weather station recorded 217 mm of
rainfall in 24-hours and 258 mm in 48-hours (Figure 6).
Between 6 and 7 PM PST, this station recorded the greatest

Figure 4. Average hourly wind direction in 1997 from four
automated weather stations on Santa Cruz Island.

Figure 5. Santa Cruz Island 1997-1998 water year precipitation
totals.
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hourly rainfall during the storm with 30 mm of recorded
precipitation.

Prisoners Harbor precipitation record is slightly longer
than Christy Airfield and Christy Pines, covering the period
between June 1995 and August 1998. The 1995-1996 water
year is invalid due to mechanical problems with the rain
gauge. This problem was corrected for the 1996-1997 and
1997-1998 water years. During the 1997-1998 water year
Prisoners Harbor received 949 mm of rainfall (Figure 4).
The highest monthly total rainfall recorded (413 mm) oc-
curred in February 1998. During the December 5 and 6, 1997
storm event, Prisoners Harbor received 205 mm of rainfall
in the first 24-hours and 271 mm for the entire 48-hours
period (Figure 6).

1997-1998 El Ñino Event

The 1997-1998 El Ñino event had a very significant
impact on Santa Cruz Island. Besides the above average wa-
ter year, Santa Cruz Island recorded its largest single day
and two-day precipitation event in recorded history. The De-
cember 5 and 6 storm brought a record 170 to 271 mm of
rain to parts of Santa Cruz Island (Figure 6). In the first 24-
hours of the storm totals ranged from 145 mm at Christy
Airfield, 217 mm at the Christy Pines, 176 mm at the Na-
tional Park Service station, 227 mm at the Main Ranch, and
205 mm at Prisoners Harbor. The event began as an area of
low pressure in the Gulf of Alaska. As the frontal storm
moved toward the southern California coast, it began to in-
tensify as it passed over the northeast Pacific Ocean. Early
on December 5, the system began to tap moisture from the
subtropical jet stream. This along with the typical slow down
of frontal systems as they near the southern California coast
allowed this storm to drop record moisture over the central
and southern half of the island. Reports from the National
Park Service Ranger at Scorpion Harbor detailed heavy rain-
fall, as much as 305 mm in the 48-hour event. This storm
caused a large flash flood and debris flow through Scorpion
Canyon and into the harbor. Buildings were moved off foun-
dations, while vehicles and National Park Service equip-
ment and data sheets were washed into the harbor.

Brumbaugh (1983) detailed significant storm events
for Santa Cruz Island from 1898 to 1980. A modified

version of Brumbaugh’s table (Table 2) includes significant
storm events from 1980 to 1998. Two more entries into the
table were made from 1980 to 1998. The December 5, 1997
storm total of 227 mm would rank first over the 100 year
precipitation record. The second entry from January 4, 1995
would be tied with two other storm events at 140 mm. This
storm was ranked tenth although in that month of January
1995, the all-time maximum monthly total rainfall occurred
on Santa Cruz Island with 777 mm (Table 1).

CONCLUSIONS

A preliminary analysis of the climate of Santa Cruz
Island has been derived from four automated weather sta-
tions with records of between two and eight years and a 94-
year manual rainfall record. The data suggest that there are
notable microclimatic differences on the island which relate
to distance from the coast, altitude, and position with re-
spect to the east-west fault controlled the central valley. Ad-
ditionally, it appears that the climate of Santa Cruz Island
differs from mainland southern California coastal commu-
nities, with significantly higher relative humidities owing to
the year-round influence of a marine layer, and rainfall to-
tals that exceed those of the nearest neighboring mainland
cities such as Santa Barbara.

Annual mean monthly temperatures on Santa Cruz Is-
land vary according to altitude, nearness to the coast, and
the depth and penetration of the marine layer. During sum-
mer, the marine inversion keeps coastal sites cool while the
interior valley, protected from invading maritime air, warms
rapidly. During winter strong westerly winds help dissipate
the marine layer allowing temperatures to drop, especially
in the interior valley.

The considerable thickness of the marine layer in the
vicinity of Santa Cruz Island exerts a strong control on rela-
tive humidities, even at elevations of 400 m or more. All of
the stations recorded mean maximum humidities of 99 to
100% during all months of the year, average relative humid-
ity ranged from 65 to 83%, and mean minimums only reached
very low values when strong offshore wind penetrated the
island.

Recorded wind direction were strongly related to sta-
tion position. The prevailing winds for the region are west-
erly, and this wind direction was clearly recorded at Christy
Airport. These stations are located along the axis of the east-
west trending central valley, which tends to topographically
enhance wind flow. This control can be seen in the tendency
of the secondary winds, related to cold air drainage and strong
off-shore flow from the east. Prisoners Harbor, on the north
coast, does not lie in the central valley, and its winds are
principally from the north and south due to the prevailing
wind being diverted around the island and cold air drainage.

Rainfall patterns on the island are similar to those re-
corded at Santa Barbara, but in general the totals are some-
what higher. The influence of island topography is shown in
the somewhat higher rainfall totals at Christy Pines (elev.
419 m) with respect to the other stations.

Figure 6. Hourly precipitation totals for Santa Cruz Island
December 5 and 6, 1997.
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The 1997-1998 El Ñino event brought record rainfall
totals to Santa Cruz Island. The largest single day rainfall
event was recorded on December 5, 1997. A devastating
flood resulted, damaging equipment and property. With the
addition of new weather stations in 1995 and 1996, this event
was captured throughout the island and warrants further ex-
amination. Future weather stations are planned for Santa Cruz
Island, which will help develop a more complete understand-
ing of its many microclimates.
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