
By Tereza Cavazos, CICESE, 
Ensenada, B.C., México

Observed changes in the North Amer-
ican Monsoon (NAM)
The summer climate of northwestern 
Mexico and the southwestern United 
States varies greatly from year-to-year 
(interannually), and the major seasonal 
feature is the North American Monsoon 
System (NAMS). NAMS is character-
ized by a distinct shift from westerly to 
easterly winds in the middle levels of 
the atmosphere due to a strong contrast 
between land and sea temperatures. 
This contrast produces a rapid onset of 
rainfall in June in northwestern Mexico 
and then spreads into the southwestern 
Unites States in July. Between 40 and 
80 percent of the annual rainfall occurs 
during the monsoon season in June–
September, with greater percentages oc-
curring southward into Mexico. 

Monsoon rainfall is often supplemented 
by the passage of tropical cyclones, 
which sometimes cause severe dam-
age and fatalities, but also help to refill 
major reservoirs in the border region. 
Changes in summer rainfall can have 
great socioeconomic impacts on agri-
culture and livestock. Moreover, ac-
cording to the Mexican National Water 
Commission (CNA, 2004), many of 
the aquifers in northwestern Mexico 
are already overexploited and there is 
an extreme degree of pressure on water 
resources (i.e. 40–77 percent of 
average natural water resources have 
already been used). Thus, even without 
climate change, water availability is 
a problem if population continues to 
increase. The 2020 water availability 
projection for northern Mexico and the 
Rio Grande/Rio Bravo Basin is less than 
1,000 m3/inhabitant/year—the United 
Nations critical limit for water scarcity 
(SEMARNAT, 2001).

Climate change in the North 
American Monsoon

Early review of 
the 2008 NAM
By David J. Gochis, National 
Center for Atmospheric 
Research, Boulder, CO

While the summer rains of the mon-
soon continue to fall, the shortening 
days of September are a reminder 
that the 2008 monsoon season will 
soon be over. It’s a good time to take 
a first glimpse back at what has trans-
pired and how some of the North 
American Monsoon Experiment 
(NAME) Forecast Forum (NFF) 
forecasts have performed.

A quick look back
Waning La Niña conditions (cooler-
than-average tropical sea surface 
temperatures) in the central and 
eastern Pacific Ocean and warmer-
than-average land temperatures over 
western Mexico and the Southwest 
U.S. helped set the stage for a mod-
estly early and robust onset to the 
North American Monsoon during 
mid-to-late June. 

The regionally-averaged precipita-
tion accumulation maps derived for 
the NFF (Figure 1, page 5) show the 
northward progression of rainfall, 
beginning in early-to-mid June in 
central and southwest Mexico (Re-
gions 4 and 5), and moving west 
and north during late June (Regions 
1–3). July brought abundant precipi-
tation, and all regions experienced 
significant increases, with the western 
and northernmost regions (Regions 
7 and 8) accumulating substantial 
precipitation by mid to late July. 

A.

B.

Figure 1. Projected temperature and precipitation changes over North America, averaged 
over 21 models. Top row (A): annual, winter (December–February), and summer (June–August) 
change between 1980–1999 and 2080–2099. Bottom row (B): same as the top, but for the per-
cent change in precipitation. Source: IPCC (2007).
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Executive Summary

In General – Summer monsoon and tropical storm moisture increased soil mois-
ture and streamflow across much of the border region. Forecasts project a very dry 
autumn and early winter in northern Mexico, and increased chances of below-
average precipitation for the U.S. border states.

Temperature – Summer season temperatures in the U.S.-Mexico border region 
have been near-average, except in southern California. August temperatures were 
cooler than average in northern Sonora and Chihuahua.

Precipitation – The border region where Arizona, New Mexico, Sonora, and Chi-
huahua meet received above-average summer season precipitation. Tropical storms 
brought above-average summer precipitation to Baja California Sur and the Sonora 
and Sinaloa coasts, especially during August.

Temperature Forecast – Increased chances of warmer than average temperatures 
are forecast for the autumn and early winter.

Precipitation Forecast – Forecasts predict below-average autumn and early winter 
precipitation in the border region, from California/Baja California east to west 
Texas/northeast Chihuahua.

ENSO – Neutral equatorial Pacific Ocean temperatures are expected during the rest 
of calendar year 2008.

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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Among the documented climate 
changes in the monsoon region during 
the last quarter of the 20th century is a 
statistically significant increase in sur-
face temperatures in the U.S. Southwest 
and northwest Mexico (Karoly and Wu 
2005). Such an increase should have an 
effect on the contrast between land and 
sea temperatures, which influences the 
position of the monsoon upper-atmo-
spheric high pressure feature (anticy-
clone) and hence the onset and intensity 
of the monsoon rainfall. However, these 
connections still need to be investigated 
in a thorough manner.

It has been argued that the impact of 
climate change will be felt most strongly 
through changes in precipitation ex-
tremes rather than changes in mean pre-
cipitation. In the monsoon region, there 
is evidence that the annual frequency 
and amount of heavy precipitation in-
creased significantly in the last 25 years 
of the 20th century. Daily precipitation 
is considered heavy if it is within the 
top 5 percent of historical precipita-
tion values for that day. Possible reasons 
for these increases include increased 
frequency of El Niño events, which 
increase winter moisture in the border 
region, and a positive Pacific Decadal 
Oscillation (PDO). The PDO describes 
15- to 30-year-long changes in Pacific 
Ocean circulation; a positive PDO, like 
El Niño, increases the flow of moisture 
into the border region during winter. 
However, it appears that while the mon-
soon season has become shorter, the in-
tensity of heavy precipitation events has 
increased significantly. Within the NAM 
region, extreme precipitation can result 
from strong monsoon convective activ-
ity or from the passage of tropical cy-
clones. Atmospheric circulation features, 
such as easterly waves (which move in 
the atmosphere from east to west over 
the Atlantic Ocean and Gulf of Mexico 
and are associated with tropical cyclone 
activity), moisture surges (which send 
moisture from the surrounding ocean 
onto the land), and inverted troughs continued on page 4

Figure 2. Increase in probability of extremes in a warmer climate. Diagram shows how the dis-
tribution of temperatures will change in a warmer world. The current temperature distribution 
(gray line) defines what we currently consider to be hot or cold. Even a relatively small increase 
in the average temperature will shift the distribution of temperatures into a warmer range, 
which will greatly increase the chances of hot and very hot weather. Source: based on a graphic 
from CCSP (2008)

(low pressure storm systems that travel 
from east to west) are common during 
the summer and influence both tropical 
cyclone and monsoon activity. Recent 
CICESE research (in review) indicates 
that heavy precipitation in the moun-
tains of the Sierra Madre Occidental (in 
the core monsoon region) significantly 
increased at the end of the 20th century 
due to the influence of tropical cyclone-
derived extreme rainfall.

Fourth Assessment Report of the IPCC
The fourth assessment report (AR4) 
of the Intergovernmental Panel on 
Climate Change (IPCC), published in 
2007, states that global climate models 
(GCMs) provide credible quantitative 
estimates of future climate change at 
continental, hemispheric, and global 
scales (IPCC 2007). The AR4 also states 
that GCM estimates are better for tem-
perature than for precipitation. Confi-
dence in GCM projections comes from 
the foundation of models in accepted 
physical principles and in their ability to 
reproduce observed features of current 

climate and past climate changes. Nev-
ertheless, current GCMs have signifi-
cant limitations due to their coarse spa-
tial resolution, with grid cell sizes of 150 
km to 350 km. Consequently, GCMs 
are limited in their representation of re-
gional processes and clouds, which lead 
to uncertainties in the magnitude and 
timing of predicted climate change. 

Scientists’ theoretical understanding of 
the climate system is incomplete; thus, 
climate models are still not perfect, and, 
as reported in the AR4, GCMs have 
some systematic biases, especially in 
the simulation of regional precipitation 
in areas with complex terrain, such as 
the NAM region and the tropics. The 
AR4 report dealt with the problem 
of inconsistent predictions, resulting 
from the use of different models, by 
taking the average of all models as the 
best estimate for future change. At a 
global scale, the multi-model averages 
(ensembles) outperform the outcome of 

Climate change, continued
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Climate change, continued
any individual climate model, possibly 
because individual models have particu-
lar strengths and weaknesses. 

Climate change projections in the 
NAM region
Chapter 11 of the AR4 physical sci-
ence report (IPCC, 2007) documents 
regional projections of temperature 
and precipitation changes (2080–2099 
minus 1980–1999) for North America 
under the A1B greenhouse gas (GHG) 
emissions scenario. In the A1B scenario, 
GHG emissions double and world 
population continues to grow at a rapid 
rate until around 2070. For the NAM 
region, the multi-model ensemble cli-
mate projections for the end of this 
century show temperature increases 
of between 2.5 and 4 degrees Celsius 
when compared with 1980–1999 tem-
peratures (Figure 1a). For the summer 
season (June–August or “JJA”), this 
would imply higher maximum tempera-
tures (Figure 2), more evaporation, and 
possibly more intense and longer heat 
waves. With more intense heating over 
the continental United States in JJA, 
the monsoon anticyclone could move 
farther north, reducing the amount of 
rainfall in the coastal areas of northwest-
ern Mexico (Figure 1b), but, as men-
tioned earlier, there has not been suffi-
cient research on the specific atmospher-
ic consequences of larger warming over 
land than over the ocean. In the South-
west U.S., precipitation changes are 
relatively small during the summer, but 
GCM projections do not show strong 
and consistent agreement about whether 
precipitation in this region will increase 
or decrease (not shown). Moreover, 
warmer winter and spring temperatures 
could produce more extreme rainfall 
events, less snow in the mountains, and 
faster drying of the soil moisture, which 
may promote droughts and fires. The 
general picture is that the NAM region 
will become drier and warmer on an an-
nual basis than it is today.

Uncertainties of climate projections in 
the NAM region
Model projections show significantly 
weaker monsoon circulation in the 
world’s monsoon regions, due to 
human-caused factors. However, scien-
tists are not very confident about these 
projections, because there is still consid-
erable uncertainty with respect to the 
models’ ability to accurately reproduce 
important features of summer season at-
mospheric circulation and precipitation. 
The global monsoon systems involve 
atmospheric circulations between the 
tropics and the subtropics, and depend 
on many factors, including regional in-
teractions between the atmosphere and 
the ocean; land-based processes, such as 
the amount of winter snow cover; and 
interannual or decadal influences, such 
as El Niño or the PDO. Multi-model 
ensemble projections indicate a possible 
shift towards mean El Niño conditions, 
with the eastern Pacific warming more 
than the western Pacific; however, many 
models do not adequately simulate 
ocean temperatures in the region of El 
Niño development. 

Dynamical (model-based) and statistical 
downscaling techniques have been de-
veloped to overcome some of the GCM 
regional biases and their spatial limita-
tions; these techniques are being directly 
applied to impact assessment studies. 
However, before applying these down-
scaling techniques, it is crucial to first 
validate the GCM models using a series 
of observed metrics that characterize the 
climate of a region. Only three studies 
have evaluated IPCC models using a 
few intraseasonal (within season) to in-
terannual metrics for the NAM region. 
These studies found that individual 
models vary in their ability to repro-
duce observed patterns of atmospheric 
pressure, surface air temperatures, and 
precipitation over the NAM region. 
Therefore, it is necessary that the scien-
tific community develop common met-
rics to assess the credibility of the GCM 
climate projections for the NAM region.
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During July and into mid-August, the 
monsoon atmospheric circulation was 
well established, which allowed plenty 
of moisture from the Gulf of Califor-
nia and the Gulf of Mexico to pen-
etrate into the region. This resulted 
in above-average rainfall in nearly all 
monsoon regions. One particularly ac-
tive period in Region 3 occurred when 
the remnants of Hurricane Dolly 
swept into the Rio Grande valley and 
the borderlands of Chihuahua and 
New Mexico. Another sequence of 
isolated heavy rainfall pelted northern 
Arizona on August 17. About a week 
later, Tropical Storm Julio rapidly in-
creased accumulated precipitation in 
Baja California (Region 6) and, as of 
this writing, is the only 2008 Pacific 
storm that has produced significant 
precipitation over land. 
 
Assessing monsoon forecasts
In addition to the observed and average 
accumulated precipitation shown in 
Figure 1, several lines show forecasted 
precipitation accumulation for each 
region from several climate forecast 
models that were run prior to the mon-
soon season. An example assessment 
of two of these models compares the 
percent of average accumulated precipi-
tation for July 2008 (Figure 2, page 6). 
Note that the model figures indicate 
the percentage of July 2008 rainfall 
compared to the long-term model av-
erage. The forecast models each show 
some skill, such as drier-than-average 
conditions in the Northwest U.S. and 
wetter-than-average conditions over the 
lower Colorado River basin. However, 
these forecasts also show significant 
differences. For example, the NASA 
GISS model accurately predicted 
greater-than-average rainfall over the 
Arizona-Sonora-New Mexico-Chihua-
hua region, whereas the NOAA CFS 
model did not. During the next several 
months, researchers will study the exact 
timing and mechanisms that produced 
the forecasted precipitation patterns.
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Zone 2

Zone 3

Zone 6

Figure 1. North American Monsoon regions. Graphs show forecasted and observed, regionally-
averaged accumulated precipitation as of September 1, 2008. Thick black lines in the graphs show 
observed accumulated precipitation; thin, green dashed lines show two estimates of average accu-
mulated precipitation. All other lines show different forecast model runs or model-derived averages.



Tropical 
cyclones in the 
eastern Pacific
By Luis Farfan, CICESE

The 2008 tropical cyclone season 
has resulted in 10 named tropical 
cyclones in the eastern Pacific Ocean 
from late May through August (Fig-
ure 1, page 7). Each track pictured in 
Figure 1 represents the cyclone center 
during its life cycle. Together the tracks 
provide an integrated way to determine 
the geographical areas that were affected. 

One exception to the eastern Pacific 
systems this year was Hurricane Dol-
ly. Dolly’s track, from the Atlantic 
Basin, shows how it moved through 
the Yucatan Peninsula and the Gulf 
of Mexico before dissipating near 
the U.S.-Mexico border in late July 
(Hernández and Bravo, 2008). 

On the eastern Pacific side, most of 
the systems have developed far away 
from the Mexican coast. However, 
in August, Tropical Storm Julio 
made landfall over northwestern 
Mexico and moved across the central 
Baja California Peninsula, reach-
ing the northern part of the Gulf of 
California. Julio was first detected, as 
Tropical Depression 11-E, east of Isla 
Socorro (18.8°N, 111.0°W) and was 
active from August 23 to 26. While 
moving northward, it was upgraded 
from a depression to a tropical storm 
and made landfall just west of La 
Paz, Baja California Sur. The storm 
passage over land generated heavy 
rainfall and flooding over portions of 
the central peninsula. These condi-
tions were also associated with prop-
erty damage, highway closures, and 
evacuation from communities located 
in some watersheds at risk.
During the last 38 years, a significant 

continued on page 7
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Early review, continued

Figure 2. Maps of percent of average total monthly precipitation for July 2008 from A) NOAA 
Climate Prediction Center observations, B) the NOAA CFS model, and C) the NASA GISS model.  
Model forecasts used April 15 initial conditions.

A. NOAA/CPC Observations
Percent of Normal

B. NOAA–CFS
Percent of Normal

C. NASA–GISS
Percent of Normal



number of tropical cyclones moved over 
northwest Mexico. The most affected re-
gions were the southern Baja California 
peninsula and the mainland from Na-
yarit through Sonora. Research studies 
performed at Centro de Investigación 
Científica y de Educación Superior de 
Ensenada (CICESE; http://www.cicese.
mx) reveal a tendency for cyclones to 
make peninsular landfall from late Au-
gust to early October, whereas the main-

Figure 1. Tracks of named tropical cyclone. Issued by the U.S. National Hurricane Center, Miami, Florida.

land events tend to occur slightly later, 
from mid-September through the entire 
month of October. One element that 
favors such a pattern is the development 
of mid-latitude westerly winds, typical 
of the fall, which move inland from the 
Pacific Ocean. This implies that north-
western Mexico and the U.S.-Mexico bor-
der region may yet experience at least one 
storm in September or October 2008.
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So when does the monsoon season begin?
By Michael Barnes, Hydrology 
and Water Resources, UA; David J. 
Gochis, NCAR; Andrea Ray, NOAA 
Earth Systems Laboratory

The arrival (onset) of the North Ameri-
can Monsoon (NAM) is of great signifi-
cance to wildland firefighting, energy, 
transportation, agriculture, and other 
key sectors. However, existing meth-
ods of calculating monsoon onset that 
have been derived using locally-relevant 
absolute metrics, such as dewpoint tem-
perature thresholds, fail to account for 
important large-scale changes in the at-
mosphere that create conditions favorable 
to widespread monsoon thunderstorms. 

In 2004, Zeng and Lu (ZL) of The 
University of Arizona developed a 
monsoon onset index that is generally 
applicable to monsoon climates around 
the world. The index uses a daily global 
dataset of precipitable water (defined 
as the amount of water vapor in the 
atmosphere over a region of the earth), 
and a mathematical procedure designed 
to detect strong and persistent seasonal 
changes in atmospheric moisture. In 
most monsoon regions, including 
northwest Mexico and the Southwest 
U.S., the precipitable water index reli-
ably identifies monsoon onset, provid-
ing an objective technique to assess it 
over the whole region. 

Using the North American Regional 
Reanalysis (NARR) dataset, which more 
accurately portrays regional topographic 
and coastline features than the global 
dataset used by ZL, we applied ZL’s 
methods to the NAM region for the 
NARR period of record, 1979–2006 
(Figure 1). There is a clear progres-
sion of onset date from around June 
1 in central Mexico to late July in the 
low desert regions of the lower Colo-
rado River Valley. Along the Arizona-
Sonora border, there is a weak east-west 
gradient with onset dates ranging from 
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early to mid-July. Early onset dates in 
the Sierra Madre Occidental of western 
mainland Mexico are consistent with 
the early occurrence of rainfall in high 
elevation regions, compared to the sur-
rounding deserts. Overall, the results 
obtained by using the NARR dataset 
are generally similar to those of Zeng 
and Lu, except that the high spatial 
resolution of NARR data refines the 
geographic description of onset. In 
2009, we plan to apply ZL’s index to 
North American Monsoon Experiment 

Forecast Forum seasonal forecasts. Fore-
casts using the ZL index will inform 
regional land and water managers when 
monsoon moisture is likely to enter the 
region. Such information may be useful, 
for example, to fire management deci-
sions and water provider estimates of 
peak water demand.

References
Zeng, X. and Lu, E., 2004. Globally 
Unified Monsoon Onset and Retreat In-
dexes. J. Climate, 17, 2241–2247. 

Figure 1.  Average monsoon onset date estimated using the onset index of Zeng and Lu ap-
plied to the North American Regional Reanalysis dataset.  Hatch marks indicate areas not typi-
cally considered to fall under the influence of the monsoon.
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Temperature
Temperatures were very close to average for most of the 
southwestern United States and northwestern Mexico dur-
ing August and the summer season. During August, tem-
peratures were 1–2 degrees Celsius (1.8–3.6 degrees Fahr-
enheit) below average in central Baja California, northern 
Sonora, Chihuahua, and West Texas (Figure 1b) as a result 
of substantial rainfall from monsoon thunderstorms and 
tropical storms. Southern California temperatures were 1–2 
degrees C (1.8–3.6 degrees F) above average for the season 
(Figure 1d). Anomalously high pressure persisted over Cali-
fornia and the U.S. West Coast during the summer, which 
contributed to unusually dry conditions and many fires in 
parts of California. Southern California is in a moderate 
drought, according to the North American Drought Moni-
tor (Figure 4, page 12).

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 August 2008.

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

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

Figure 1c. Mean temperature at 2-m elevation 
for June–August 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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During August, precipitation was above average for most of 
Baja California, the Sonora and Sinaloa coasts, and near the 
Sonora-Arizona border (Figures 2a and 2c). Southeastern 
California, usually dry during the summer, also received 
above-average precipitation. Tropical Storm Julio (August 
23–26) contributed substantially to August precipitation 
in Baja California, including close to 200 mm (almost 8 
inches) in Loreto and Mulegé. The border region between 
Arizona, New Mexico, Sonora, and Chihuahua received 
150–175 percent above-average rainfall this season (Figures 
2b and 2d). In late July, the remnants of Hurricane Dolly 
swept up the Rio Grande valley and into the borderlands 
of Chihuahua and New Mexico. This event produced cata-
strophic flooding in Ruidoso, New Mexico. Streamflow 

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

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

Figure 2b. United States and Mexico precipitation for 
June–August 2008.
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in the upper San Pedro River (not shown), which flows 
through northern Sonora into Arizona, has been well above 
average during the summer months. 

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.

Drought status, as measured by the Standardized Precipi-
tation Index (SPI) for the six-month period from March 
through August 2008, varied greatly throughout the border 
region (Figure 3). The map reflects a blend of dry spring 
conditions, influenced by La Niña conditions in the tropical 
Pacific Ocean, and substantial monsoon and tropical storm 
precipitation in parts of the border region. The six-month 
SPI reflects the influence of tropical storms in Baja Califor-
nia and along the Sonora and Sinaloa coasts, and abundant 
monsoon precipitation in Chihuahua and southern New 
Mexico (Figure 3). In contrast, southern California received 
well below-average precipitation during this period, with a 
large area of SPI values from -1.2 to -2. Central Arizona and 
western New Mexico were also dry, with SPI values ranging 
from -0.8 to -1.6. This is primarily due to well below-average 
spring precipitation across this region and merely average 
monsoon precipitation farther north of the border. Much of 
northwestern Mexico had higher-than-average precipitation. 
Central Baja, coastal Sonora, and parts of north and south 
Chihuahua all display SPI values from 1.6 to 2, indicating a 
lack of drought conditions over the six-month time scale, and 
increased streamflow and vegetation health. However, the 
timing of precipitation across the central and eastern part of 
the region, where precipitation fell primarily since the onset 
of the summer monsoon, is such that irrigators in areas such 
as the Pecos River valley, probably required extra applications 
prior to the rains. The monsoon season provided plenty of 
moisture, which relieved the dry winter and spring condi-
tions in much of western Mexico. Reliable monsoon rainfall 
throughout much of the summer helped agriculture north 
of the border in regions such as southeastern Arizona, where 
farmers were able to reduce groundwater irrigation pumping.

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 March– 
August 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/

Drought status improved considerably during the last three 
months in Arizona, New Mexico, and West Texas (Figure 
4). Abundant monsoon and tropical storm rainfall increased 
soil moisture and streamflow in Arizona and southern New 
Mexico. Drought severity increased in southwestern Cali-
fornia, prompting Governor Arnold Schwarznegger in June 
to sign an executive order declaring a statewide drought 
situation. The order, which is still in effect, encourages local 
water districts and agencies to promote water conservation 
and work cooperatively on the regional and state level to take 
immediate action to reduce water consumption. The order 
also mandates action to prepare for possible worsening water 
conditions in 2009. 

In Cibola County, New Mexico, even monsoon rainfall could 
not ameliorate the effects of a lack of winter precipitation; 
the county was declared a natural disaster area by the U.S. 
Department of Agriculture. This declaration permits affected 
farmers, ranchers, and other agricultural producers to ap-
ply for low-interest emergency loans from the Farm Service 
Agency (Associated Press, August 29). In northern Baja Cali-
fornia Norte, drought conditions persist (Figure 4). Central 
Baja California received abundant rainfall from Tropical 
Storm Julio, and Tropical Storm Lowell brought more than 
150 mm (close to 6 inches) of precipitation to parts of Si-
naloa and Sonora in early September. Monsoon moisture 
brought drought relief to northern Sonora and Chihuahua. 

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
July 31, 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) forecasts aver-
age to above-average temperatures across northwestern Mex-
ico for September (Figure 5). Average monthly temperatures 
are expected to exceed 30 degrees C (86 degrees Fahrenheit) 
for parts of coastal Sonora, Sinaloa, and Baja California Sur. 
The forecast shows average monthly temperatures for eastern 
Sonora and Chihuahua between 15 degrees C (59 degrees 
Fahrenheit) in the higher elevations of the Sierra Madre Oc-
cidental to more than 25 degrees C (77 degrees Fahrenheit) 
on the border with Texas. 

The International Research Institute for Climate and Society 
(IRI) seasonal forecasts predict greatly increased chances of 
above-average temperatures across southern Arizona, north-
ern Sonora, and northwestern Chihuahua for September 
through November (not shown); for this season, IRI assigns 
a 50 percent chance of above-average temperatures in this re-
gion and only a 15 percent chance of below-average tempera-
tures. Chances of above-average temperatures decrease during 
the fall and winter seasons. IRI assigns a 40 percent chance 
of above-average temperatures and a 25 percent chance of 
below-average temperatures for the winter months.

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 September 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) forecasts 
below-average precipitation across most of northwest Mexico 
for October, November, and December. The October forecast 
(Figure 6a) shows some geographic variability, with above-
average precipitation predicted for the central Sonora coast 
north of Guaymas and parts of eastern Chihuahua. Precipi-
tation for most of western Mexico for November (Figure 
6b) and December (Figure 6c) is predicted to be at least 50 
percent below average. These predictions are based on the 
progression of atmospheric and oceanic conditions for the 
years 1955, 1975, 1998, and 1999; these years are most simi-
lar to the progression of conditions in 2008. The forecast is 
consistent with the below-average East Pacific tropical storm 
activity forecast made earlier in 2008 by the U.S. National 
Hurricane Center (not shown).

The International Research Institute for Climate and Soci-
ety (IRI) seasonal forecasts predict a similar scenario for the 
southwestern United States and western Mexico between 
September 2008 and February 2009. IRI predicts increas-
ing chances of below-average precipitation for northwestern 

Figure 6a. Precipitation forecast for October 2008 released 
September 1, 2008.

Figure 6b. Precipitation forecast for November 2008 
released September 1, 2008.

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

Mexico as fall gives way to winter. IRI assigns a 45–50 per-
cent chance of below-average precipitation for Sonora, Si-
naloa, and Baja California Sur between November 2008 and 
February 2009. The IRI uses a combination of climate and 
statistical models in these forecasts; agreement between the IRI 
and SMN forecasts indicates good confidence in the prediction 
of below-average precipitation. Nevertheless, it is most difficult 
to predict the impacts of the neutral El Nino-Southern Oscil-
lation phase (see page 15) on the climate of the region. 



Notes:
Figure 7a shows the standardized three month running average values 
of the Southern Oscillation Index (SOI) from January 1980 through 
August 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 dominate the equatorial Pacific 
Ocean with near-average sea surface temperature (SST) 
observations in the central portion of the basin. Slightly 
above-average SSTs in the eastern Pacific that developed over 
the past several months cooled slightly in August, returning 
to near-average temperatures. The International Research 
Institute for Climate and Society (IRI) noted that the recent 
warming in the eastern Pacific did little to disrupt atmo-
spheric circulation patterns from the lingering La Niña event 
of last winter and spring. This is evident in the continuing 
positive Southern Oscillation Index (SOI) values, which con-
tinue to indicate a weak and lingering La Niña atmospheric 
response. The August SOI value actually rebounded slightly 
after dropping over the past several months, but still indi-
cated a near neutral-ENSO state (Figure 7a). 

ENSO forecasts made this month by the IRI indicate an even 
higher probability (greater than 85 percent) of ENSO-neutral 
conditions continuing through the remainder of 2008 and 
into early 2009 (Figure 7b). The forecast has a 90 percent 
confidence that ENSO neutral conditions will continue over 
the September through November period, with only a 5 per-
cent chance of either La Niña or El Niño conditions forming 
during this period. The chance of an El Niño increases by 
late winter (February–April) to 20 percent, edging out the 
chance of a La Nina event (10 percent), but is still far below 
the increased chance (70 percent) of  ENSO-neutral 
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Figure 7a. The standardized values of the Southern 
Oscillation Index from January 1980–August 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

conditions continuing through spring 2009. Historically, 
ENSO-neutral conditions do not favor either unusually wet 
or dry patterns in the fall and winter seasons. This limits 
upcoming seasonal forecasts that rely on strong signals in the 
Pacific to help guide outlooks.
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ENSO
(El Niño – Southern Oscillation)


