
By Luis M. Farfán, CICESE, La Paz, 
Baja California Sur, Mexico

Sixteen tropical cyclones developed in 
the eastern Pacific Ocean during the 
season of 2008. Seven of them reached 
hurricane strength with maximum wind 
speeds that exceeded 120 kilometer 
per hour, or 75 miles per hour, lashing 
coastal areas and causing significant 
flooding. Three of these systems made 
landfall in northwestern Mexico (Figure 
1), prompting the mobilization of an 
emergency coordination and planning 
protocol established by the Mexican 
government that taps the expertise of 
state officials, military personnel, and 
scientists to help ensure public safety. 

Tropical Storm Julio developed in 
August, and Tropical Storm Lowell 
made landfall on the Baja California 
peninsula and the mainland in mid-
September. Norbert, which made land-
fall in mid-October, was the most in-
tense hurricane of the season. Persistent 
strong winds and heavy rainfall tore off 
roofs, felled trees, and caused significant 
damage to infrastructure in the state 
of Baja California Sur, home to the La 
Paz campus of Centro de Investigación 
Científica y de Educación Superior de 
Ensenada (CICESE). By the next day, 
Norbert had moved over the mainland, 
causing major flooding in Sinaloa, So-
nora, and Chihuahua.

To help protect life and property, 
the Mexican government created the 
Sistema de Alerta Temprana (SIAT, 
http://www.proteccioncivil.gob.mx/
upLoad/Editorial/252/SIAT_CT.pdf ) in 
2000 as an operational tool to monitor 
the development of tropical cyclones. 

During the active season, May through 
November, this system is applied during 
the occurrence of cyclones over the At-
lantic and Pacific oceans. Because Baja 
California has a coastal length covering 
one-third of the total coast of Mexico, 
this area receives special attention.

State council
According to the SIAT, when a develop-
ing tropical cyclone presents a danger to 
the population in Mexico, early warning 
coordination is activated. This requires 
both state and municipal councils to 
coordinate emergency preparedness 
and response in each of the potentially 
affected states. Government representa-
tives, military personnel, and academic 
institutions participate in coordination 
meetings in the state capitals.

In Baja California Sur, for example, sev-
eral emergency plans are activated when 

An overview of Hurricane Norbert landfall 
in Baja California

Figure 1. Tracks of Tropical Storm Julio (August 23–26, 2008 in blue), Tropical Storm Lowell 
(September 5–11, 2008 in red) and Hurricane Norbert (October 3–12, 2008 in green).

a cyclone is approaching, and Comisión 
Nacional del Agua (CNA), through Ser-
vicio Meteorológico Nacional (SMN), 
is responsible for monitoring weather 
conditions, providing track forecasts, 
and defining zones of coastal impact. 
These updates are released to the public 
every six hours and, upon landfall, every 
three hours.

Municipal council
Baja California Sur provides a good 
example of the emergency preparedness 
process and shows the coordination 
between scientists and decision-makers 
through CICESE’s representation in the 
state. Because the municipality of La 
Paz contains 43 percent of the popula-
tion in Baja California Sur and covers 
30 percent of the state’s area, it is an 
important spot to protect during emer-
gencies. As in the state meetings, CNA 
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Executive Summary

In General – Tropical storms brought floods and very high precipitation to parts 
of Baja California, Sonora, and Sinaloa during the autumn. Much of the rest of the 
autumn was dry in the western part of the border region. Forecasts project a very 
dry winter in northern Mexico, and increased chances of below-average precipita-
tion for the U.S. border states.

Temperature – September–November seasonal temperatures were 1-2 degrees Cel-
sius above average for all of Baja California, California, western Arizona and north-
ern Sonora. The rest of the border region had average to below-average temperatures.

Precipitation – September through November accumulated precipitation in the 
border region was mostly average to below-average, except for the southern parts of 
Sonora, northern Sinaloa, southeastern Chihuahua and Baja California Sur. Tropi-
cal cyclones caused much of the above-average autumn precipitation in Baja Cali-
fornia Sur, Sinaloa, and southern Sonora. 

Precipitation Forecast – Forecasts predict below-average winter precipitation in the 
border region.

ENSO – Equatorial Pacific Ocean temperatures are expected to transition from 
neutral to La Niña status during the winter and spring of 2009. La Niña usually 
brings below average precipitation to the border region.

Table of Contents:

Disclaimer–This packet contains official and 
non-official forecasts, as well as other information. 
While we make every effort to verify this informa-
tion, please understand that we do not warrant 
the accuracy of any of these materials. The user 
assumes the entire risk related to the use of this data. 
CLIMAS disclaims any and all warranties, whether 
expressed or implied, including (without limita-
tion) any implied warranties of merchantability 
or fitness for a particular purpose. In no event will 
CLIMAS or The University of Arizona be liable to 
you or to any third party for any direct, indirect, 
incidental, consequential, special or exemplary 
damages or lost profit resulting from any use or 
misuse of this data.
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provides information to municipalities 
about the event’s present and projected 
future conditions, as well as its impact 
on the population. This includes the 
storm center location and distance from 
landmarks, as well as estimates of ac-
cumulated precipitation and maximum 
winds from the regional network of 
weather stations.

By request of this municipal council, 
CICESE presented a meteorological 
perspective associated with the struc-
ture, intensity, and motion of Hur-
ricane Norbert. This consisted of 
high-resolution satellite imagery used 
to explain the spatial and temporal pat-
terns of cloudiness (Figure 2). SMN 
forecasts were used to define a set of an-

Figure 2. Satellite image and meeting participants during the La Paz municipal council meeting, October 10, 2008.  
Credit: Luis Farfán, CICESE

ticipated scenarios prior to and during 
landfall, including estimates of strike 
time and changes in weather condi-
tions. This material provided an integral 
analysis of Norbert’s behavior during its 
approach and passage over Baja Cali-
fornia, and it was one element, used 
by emergency managers, to determine 
evacuation areas. For example, emergen-
cy managers in the southern peninsula 
used the information about Hurricane 
Norbert’s high wind speeds to evacuate 
residents who live in houses made of 
wood and sheet metal.

This was the fourth time during the 
last three years that CICESE provided 
support—this is, the application of 
real-time observations and analysis of 

uncertainties associated with forecast 
products—to the La Paz municipal 
council. Previously, CICESE participat-
ed in meetings associated with the ap-
proach of Hurricanes Lane (2006) and 
Ivo (2007) and Tropical Storm Juliette 
(2007). Fortunately, none of these cases 
moved across the peninsula, although 
periods of heavy rain occurred over lo-
calized areas along the mountain ranges. 

For the upcoming season of 2009, CI-
CESE will be supporting the operational 
analysis and prediction of tropical cy-
clones that approach northwestern Mex-
ico and continuing to provide contribu-
tions to protect lives and infrastructure. 

Hurricane Norbert, continued
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Temperature
November temperatures for most of southern Baja California 
and the west coast of mainland Mexico were between 20 and 
25 degrees Celsius (Figure 1a) and were 1–3 degrees C above 
average for the southwestern United States, Baja California, 
and Sonora (Figure 1b). The rest of northwestern Mexico 
had average temperatures for the month. The September–
November seasonal temperatures were 1–2 degrees above av-
erage for all of Baja California and California (Figures 1c and 
1d). Warmer-than-average temperatures across the western 
part of the border region were due to a pattern of persistent 
high pressure over western North America. The high pressure 
pattern did not dissipate until mid to late December. Fall 
temperatures were 1–2 degrees C below average for the east-
central part of the border region, including southern Texas, 
eastern Chihuahua, Coahuila, and western Nuevo Leon.

Notes:
Maps of recent temperature conditions were produced by the Na-
tional Oceanic and Atmospheric Administration’s Climate Prediction 
Center (NOAA-CPC). Temperature anomalies refer to departures from 
the 1971–2000 arithmetic average of data for that period.

Figure 1a. Mean temperature at 2-m elevation 
for November 2008.

Figure 1b. Mean temperature departure from 1971-2000 
average at 2-m elevation for November 2008.

Figure 1d. Mean temperature departure from 1971-2000 
average at 2-m elevation for September–November 2008.

Figure 1c. Mean temperature at 2-m elevation 
for September–November 2008. 
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On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/products/Drought/
Atm_Circ/2m_Temp.shtml



On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/cgi-bin/US_anom_realtime.sh

Precipitation
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The eastern part of the border region, including northern 
Mexico, New Mexico, and Texas, received little to no pre-
cipitation in November, while the Mojave Desert of southern 
California, parts of Baja California, and western Arizona 
received above-average precipitation (Figure 2a and 2c). Sep-
tember through November accumulated precipitation in the 
border region was mostly average to below-average except 
for the southern parts of Sonora, northern Sinaloa, south-
eastern Chihuahua, and Baja California Sur (Figure 2b and 
2d). Above-average fall precipitation in Baja California Sur, 
Sinaloa, and southern Sonora can be attributed to Tropical 
Storm Lowell (September) and Hurricane Norbert (Octo-
ber). In particular, Hurricane Norbert, a category 2 hurricane 
on the Saffir-Simpson scale (category 2 is characterized by 

Figure 2d. United States and Mexico precipitation percent 
of 1971-2000 average for September–November 2008.

Figure 2c. United States and Mexico precipitation 
percent of 1971-2000 average for November 2008.
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November 2008.

Figure 2b. United States and Mexico precipitation for 
September–November 2008.
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winds of 154 to 177 kilometer per hour or 96 to 110 miles per 
hour), brought flooding to parts of Baja California and Sono-
ra. Ciudad Constitución in Baja California Sur suffered power 
outages, and fallen trees were reported in many neighborhoods 
in the capital, La Paz (El Sudcaliforniano, October 11).

Notes:
Maps of recent precipitation conditions were produced using data 
from the National Oceanic and Atmospheric Administration’s Climate 
Prediction Center (CPC). Precipitation anomalies refer to departures 
from the 1971–2000 arithmetic average of data for that period.  Per-
centage of normal is masked out where normal precipitation is less 
than 0.1 mm per day.

On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/products/Drought/
Atm_Circ/2m_Temp.shtml



On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/cgi-bin/US_anom_realtime.sh

Standardized Precipitation Index
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On the Web:
For more information: 
http://www.ncdc.noaa.gov/oa/climate/monitoring/
drought/nadm/indices.php

For a primer on SPI, visit http://www.climas.arizona.edu/
forecasts/archive/oct2002/oct2002figs/16_The_SPI.html.

The June–November 2008 Standardized Precipitation Index 
(SPI) map shows decreasing drought status in the southern 
part of the border region (Figure 3). The pattern of dry to 
average drought status in the northern part of the region and 
average to wet status in the southern part reflects the strong 
influence of tropical storms and hurricanes in northwestern 
Mexico (see article starting on page 1), some November 
storms in northern Baja California and southern California 
in the United Sates, and Hurricane Dolly along the east-
ern border region. Summer thunderstorm activity was also 
substantial in parts of northern Mexico and southern New 
Mexico. Because SPI shows precipitation compared with the 
historical record, the very high SPI values along the western 
coast of Mexico and in Baja California Sur indicate unusually 
high precipitation for the June–November time frame.

The Figure 3 map shows SPI values at individual stations 
because the usual interpolated map (see October 2008 Border 
Climate Summary) was not available. Please let us know if 
you prefer the station map to the interpolated map by send-
ing an email to gmgarfin@email.arizona.edu.

Notes:
Source: NOAA National Climatic Data Center and Servicio Meteorológico 
Nacional.

The Standardized Precipitation Index (SPI) expresses precipitation in 
units that correspond to a normal or “bell-curve” statistical distribu-
tion. The values are standardized so that an index of zero indicates 
the average precipitation.  The index values correspond to standard 
deviation units. This gives the user an immediate sense of how recent 
precipitation compares with the historical record. The index is nega-
tive for drought, and positive for wet conditions. As the dry or wet 
conditions become more severe, the index becomes more negative or 
positive. The use of a common statistical distribution allows users of the 
SPI to compare drought severity across regions with markedly different 
climates.  

The National Oceanic and Atmospheric Administration (NOAA) and 
Servicio Meteorológico Nacional (SMN) have provided the individual 
station data that are used to calculate SPI on this map. The continuous 
color map is derived by taking measurements at individual meteoro-
logical stations and mathematically interpolating (estimating) values 
between known data points. Interpolation procedures can cause pecu-
liar values in data-sparse regions.

dry near normal wet

<-2.0 -2.0 -1.6 -1.2 -0.8 -0.4 0.0 0.4 0.8 1.2 1.6 2.0 >2.0

Figure 3. Standard Precipitation Index for June– 
November 2008.



On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/cgi-bin/US_anom_realtime.sh

North American Drought Monitor
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On the Web:
For more information: 
http://www.ncdc.noaa.gov/oa/climate/monitoring/drought/nadm/

Compared with conditions displayed in the October 2008 
Border Climate Summary, the North American Drought 
Monitor map shows substantial drought amelioration in 
Baja California Sur, Sinaloa, Sonora, Durango, eastern Chi-
huahua, Coahuila, and west Texas (Figure 4). Much of the 
improvement is due to summer precipitation, including 
substantial tropical storms that continued into October. In 
November 2008, drought increased in severity in California 
and northern Baja California, despite some precipitation 
(see Figures 2a and 2c). Drought is still a big concern for 
southern California, which receives much of its drinking and 
agricultural water from the Sierra Nevada. Recent Sierra Ne-
vada snowpack is greater than it was in early 2008 but is still 
below average. La Niña conditions, which are strengthening 
in the Pacific Ocean, usually result in dry winters in southern 
California and northwestern Mexico.

Notes:
The North American Drought Monitor maps are based on expert 
assessment of variables including (but not limited to) the Standard-
ized Precipitation Index, soil moisture, streamflow, precipitation, and 
measures of vegetation stress, as well as reports of drought impacts.  It 
is a joint effort of several agencies, including NOAA’s National Climatic 
Data Center, NOAA’s Climate Prediction Center, the U.S. Department of 
Agriculture, the U.S. National Drought Mitigation Center, Agriculture 
and Agrifood Canada, the Meteorological Service of Canada, and the 
National Meteorological Service of México (SMN - Servicio 
Meteorológico Nacional).

Figure 4. North American Drought Monitor released
December 18, 2008.

Drought Impact Types

        Delineates Dominant Impacts

A = Agricultural (crops, pastures, grasslands)

H = Hydrological (water)

AH = Agricultural and Hydrological

D3 Extreme Drought

D4 Exceptional

Drought Intensity

          

                                         

D0 Abnormally Dry

D1 Moderate Drought

D2 Severe Drought



On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/cgi-bin/US_anom_realtime.sh

Temperature Forecast

On the Web:
For more information: 
http://smn.cna.gob.mx/productos/map-lluv/p-clim01.gif
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The Servicio Meteorológico Nacional (SMN) predicted cool 
temperatures for most of México during December 2008 
(Figure 5). The December forecast shows the coldest border 
region temperatures in Chihuahua and northeastern Sonora. 
Predicted temperatures for these areas are 5–10 degrees C; 9 
degrees C is the average December temperature for the state 
of Chihuahua. Temperatures between 10 and 15 degrees C 
are predicted for northern Baja California, most of Sonora, 
Durango, Coahuila, Zacatecas, and Nuevo León; the average 
temperatures for these states are within the predicted range. 
December temperatures of 15 to 20 degrees C are predicted 
for the border region states of Baja California Sur, Sinaloa, and 
Tamaulipas, and for much of central México. Average tempera-
tures for these states are also within the range of predictions.

The International Research Institute for Climate and Society 
(IRI) seasonal forecast for January–March (not shown) pre-
dicts a 45–50 percent chance of above-average temperatures 
and only a 15–20 percent chance of below-average tempera-
tures for most of the border region. The greatest chances of 
above-average temperatures are centered on the eastern half 
of the border region (the Texas-México border).

Notes:
This forecast was prepared by the Servicio Meteorológico Nacional 
(SMN). The forecast methodology was developed by Dr. Arthur Douglas 
(Creighton University, retired) in collaboration with SMN scientists. 

The forecasts are based on the average of temperature values from 
analogous years in the historical record. Selection of analogous years 
is based on statistical analysis of factors in oceanic and atmospheric 
circulation known to influence precipitation in Mexico. Unique com-
binations of climate indices are used in the forecasts each month. A 
statistical method known as cluster analysis is used to identify evolving 
climate patterns observed in the historic record and place each year in 
historical context; the years with the evolving climate patterns most 
similar to the current year are selected. Average atmospheric flow 
patterns and surface temperature anomalies are constructed with the 
historic data and compared with the climatological average.

Examples of atmospheric and oceanic factors used in identifying ana-
logue years, include: Pacific and Atlantic Ocean temperatures, tropical 
upper atmosphere oscillations, the position and strength of persistent 
high and low atmospheric pressure centers, and other factors.

The map show predicted percent of monthly temperature. The legend 
shows the ranges of predicted temperatures associated with each color. 
Blues and greens indicate above-average precipitation; yellows and 
reds indicate below-average precipitation. White indicates precipita-
tion within 20% of the climatological average (based on data from 
1941-2002).

Figure 5. Temperature forecast for December 2008.



On the Web:
For more information: 
http://smn.cna.gob.mx/productos/map-lluv/p-clim02.gif

Precipitation Forecast
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Notes:
This forecast was prepared by the Servicio Meteorológico Nacional 
(SMN). The forecast methodology was developed by Dr. Arthur Douglas 
(Creighton University, retired) in collaboration with SMN scientists. 

The forecasts are based on the average of precipitation values from 
analogous years in the historical record. Selection of analogous years 
is based on statistical analysis of factors in oceanic and atmospheric 
circulation known to influence precipitation in Mexico. Unique com-
binations of climate indices are used in the forecasts each month. A 
statistical method known as cluster analysis is used to identify evolving 
climate patterns observed in the historic record and place each year in 
historical context; the years with the evolving climate patterns most 
similar to the current year are selected. Average atmospheric flow 
patterns and surface precipitation anomalies are constructed with the 
historic data and compared with the climatological average.

Examples of atmospheric and oceanic factors used in identifying ana-
logue years, include: Pacific and Atlantic Ocean temperatures, tropical 
upper atmosphere oscillations, the position and strength of persistent 
high and low atmospheric pressure centers, and other factors.

The maps show predicted percent of monthly average precipitation. 
The legend shows the ranges of predicted percent of average precipita-
tion associated with each color. Blues and greens indicate above-aver-
age precipitation; yellows and reds indicate below-average precipita-
tion. White indicates precipitation within 20% of the climatological 
average (based on data from 1941-2002).

The Servicio Meteorológico Nacional (SMN) predicts well be-
low-average January precipitation for most of México. Among 
the few exceptions are Veracruz, Oaxaca, and Chiapas, where 
the precipitation is predicted to be near or above average (Fig-
ure 6a). The outlook for February is similar (Figure 6b). Much 
of Baja California, Sonora, the northern border, and east coast 
are predicted to receive average to above-average precipitation 
(Figure 6c). These predictions are based on the progression of 
atmospheric and oceanic conditions for 1951, 1955, 1956, 
1976, 1999, and 2000. The Pacific Ocean saw La Niña con-
ditions during each of these years, and storms follow a more 
northern path during La Niña winters.

The International Research Institute for Climate and Society 
(IRI) seasonal forecast for January–March (not shown) predicts 
a 40 percent chance of below-average precipitation and only a 
25 percent chance of above-average precipitation for most of 
the border region. 

Figure 6a. Precipitation forecast for January 2009 released 
December 1, 2008.

Figure 6b. Precipitation forecast for February 2009 released 
December 1, 2008.

Figure 6c. Precipitation forecast for March 2009 released 
December 1, 2008.



Notes:
Figure 7a shows the standardized three month running average values 
of the Southern Oscillation Index (SOI) from January 1980 through 
November 2008. The SOI measures the atmospheric response to sea 
surface temperature (SST) changes across the tropical Pacific Ocean. 
The SOI is strongly associated with climate effects in parts of Mexico 
and the United States. Values greater than 0.5 represent La Niña condi-
tions, which are frequently associated with dry winters and sometimes 
with wet summers in the southwestern U.S. and northwestern Mexico. 
Values less than -0.5 represent El Niño conditions, which are often as-
sociated with wet winters in those regions.

Figure 7b shows the IRI probabilistic El Niño-Southern Oscillation 
(ENSO) forecast for overlapping three month seasons. The forecast 
expresses the probabilities (chances) of the occurrence of three ocean 
conditions inthe ENSO-sensitive Niño 3.4 region, as follows: El Niño is 
defined as the warmest 25 percent of Niño 3.4 SSTs during the three 
month period inquestion, La Niña is defined as the coolest 25 percent 
of Niño 3.4 SSTs, and neutral conditions are defined as SSTs falling 
within the remaining 50 percent of observations. The IRI probabilistic 
ENSO forecast is a subjective assessment of monthly model forecasts 
of Niño 3.4 SSTs. The forecast takes into account the indications of the 
individual forecast models (including expert knowledge of model skill), 
an average of the models, and other factors.

ENSO-neutral conditions dominated the equatorial Pacific 
Ocean through November 2008.  However, recent below-
average sea surface temperature (SST) observations in the 
central Pacific Ocean and more consistently positive South-
ern Oscillation Index (SOI) values suggest the development 
of La Niña conditions (Figure 7a). ENSO forecasts made by 
the International Research Institute for Climate and Society 
(IRI) show approximately equal chances of La Niña and 
neutral ENSO conditions through early spring 2009 (Figure 
7b); this is in sharp contrast to forecasts shown in the Octo-
ber 2008 Border Climate Summary, which indicated a high 
chance of neutral conditions. The distinction is important, 
because La Niña favors dry winters in much of the border re-
gion. Equally important, recent and older forecasts agree that 
there is a low chance of an El Niño event, which often brings 
above-average winter precipitation to the border region, 
developing this winter. Climate assessment experts at the 
National Oceanic and Atmospheric Administration Climate 
Prediction Center note that La Niña conditions currently 
exist in the tropical Pacific Ocean, and the U.S. National 
Centers for Environmental Prediction forecast model predicts 
cooler-than-average ocean temperatures in the La Niña range 
for the winter and spring months.
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Figure 7a. The standardized values of the Southern 
Oscillation Index from January 1980–November 2008. La 
Niña/El Niño occurs when values are greater than 0.5 (blue) 
or less than -0.5 (red) respectively. Values between these 
thresholds are relatively neutral (green).

Figure 7b. IRI probabilistic ENSO forecast for El Niño 3.4 
monitoring region.  Colored lines represent average 
historical probability of El Niño, La Niña, and neutral.
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On the Web:
For more information: 
http://iri.columbia.edu/climate/ENSO/currentinfo/update.html
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ENSO
(El Niño – Southern Oscillation)


