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Tropical cyclones are important weath-
er systems that develop over several re-
gions of the globe. While they occur 
over relatively warm oceans, the east-
ern North Pacific basin is a remark-
ably prolific region, where more sys-
tems develop per unit area than any 
other region in the world. Their de-
velopment has the potential to affect 
countries in Central and North Amer-
ica. In general, the approach of tropi-
cal cyclones brings changes in mois-
ture content over relatively large areas 
and they become a significant source 
of rainfall over mountainous terrain.

On average, 15 tropical cyclones de-
velop every season, which extends from 

late May until mid-November. The west 
coast of Mexico is especially vulnera-
ble to these systems and, even more, to 
those that move close to the coastline. 
Landfall is defined as the passage of the 
system center across the coast. Tropi-
cal cyclones that make landfall  are like-
ly to be accompanied by strong winds, 
coastal storm surges, and heavy rainfall, 
with the potential for extensive proper-
ty damage and flooding in coastal areas. 
Northwestern Mexico has the highest 
frequency of landfall in the entire east-
ern Pacific basin. This region includes 
the states of Nayarit, Sinaloa, Sonora, 
and the entire Baja California Penin-
sula. Most landfalls are late in the sea-
son, from August through October, and 
they tend to occur over Baja Califor-
nia, or over Sinaloa on the mainland.

Training courses
In comparison to developed countries, 
in Latin America there is a lack of me-
teorology and climatology professionals 

with adequate knowledge of tropical cy-
clones and major improvements are re-
quired to build capacity in these disci-
plines. As part of an international re-
search project, funded by the Inter-
American Institute for Global Change 
Research (IAI, http://www.iai.int), 
we designed a series of short cours-
es based on the current understand-
ing of tropical cyclones in the eastern 
Pacific. Our main goal is to train stu-
dents from institutions of higher edu-
cation  in Mexico, the Caribbean, Cen-
tral, and South America, where capac-
ity building is in  the early stages of 
development. These 4-5 day courses 
have been offered during the last three 
consecutive years in Mexico (La Paz, 
Baja California Sur, in 2008 and 2010 
and Acapulco, Guerrero, in 2009). 

Our approach includes a brief review of 
climatological features on formation, in-
tensification, and dissipation of tropical 

Figure 1.  Participants from the spring 2010 training course in La Paz, Baja California 
Sur, Mexico.

continued on page 4
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Executive Summary

In General – The transition from strong El Niño to neutral conditions in the Pacific 
Ocean was accompanied by a transition from a wet winter in our region to a most-
ly dry late spring. Regional temperatures were near to below average for the spring 
months. Large reservoirs in Sonora’s Bavispe-Yaqui river system are at 55-68% of 
capacity. Summer precipitation forecasts always have high uncertainty; this year’s 
SMN forecasts indicate near-average precipitation for most of the border region.

Temperature – Spring season temperatures were mostly below-average across the 
region. Cool temperatures affected agriculture in California. A May heat wave in 
Sonora was associated with heat-related illnesses.

Precipitation – Spring precipitation was below average in most of the border region.
 
Precipitation Forecast – SMN summer precipitation forecasts show near-average 
precipitation for most northern Mexico states. NOAA precipitation outlooks show 
“equal chances” for the border states, indicating a lack of skill or consensus among 
forecast tools.

ENSO – Forecasts show a greater than 55 percent chance of neutral conditions de-
veloping during the summer months, and an approximately 40 percent chance of La 
Niña developing during the rest of 2010.  La Niña is associated with lower than av-
erage Pacific tropical cyclone development, and below average winter precipitation.

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 limitation) 
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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By Laura M. Norman 

Scientists and experts from aca-
demia and public and private agen-
cies from the United States and 
Mexico are expanding a model de-
signed to evaluate the watershed of 
Nogales, AZ, and Nogales, Sono-
ra, and assess flood vulnerability.  

The project, part of a larger effort 
to develop an Early Warning Haz-
ard System for the region, will incor-
porate real-time rainfall data input 
and compute volumes of runoff, peak 
flow, and watershed discharge rate. 

The cities of Nogales, Sonora, and No-
gales, Arizona, are located in the Am-
bos Nogales Watershed, a north-
south oriented area of varied topogra-
phy that spans the U.S.-Mexico bor-
der. Throughout history, residents in 
both cities have been affected by flood-
ing. Actions to control and regulate 
dangerous flows into the urban ar-
eas of Ambos Nogales are being car-
ried out primarily upstream in Mexico. 

The model the scientists are working 
with, KINEROS2 (K2),uses math-
ematical equations to describe wa-
tershed hydrology processes, such 
as infiltration of water into the soil 
layers, erosion, streamflow hydro-
graphs, and sediment transport. 

Live data will be streamed into the K2 
model to support the pilot flood warn-
ing system.  The model estimates both 
rain gage-derived rainfall and predicts 
associated runoff.  A runoff graph will 
show stage of flows and equivalent dis-
charge rate in streams, and indicates the 
peak stage (discharge) and time of peak. 

A rain gage network is being adapted 
in Nogales, Sonora, to measure precip-
itation and provide electronically re-
corded precipitation measurements 

straight to an online rainfall monitoring 
network initially developed for Nogales, 
Arizona (http://rainlog.org, see Figure 1).  

Gages will be well-distributed through-
out the upper watershed at Nogales, 
Sonora, to citizens of the communi-
ty, drawing on collective local knowl-
edge and support to determine the 
best locations. Members of the re-
search team are recruiting residents 
who have Internet access and safe loca-
tions for the rain gages and electron-
ic equipment to begin the process of 
receiving precipitation data and con-
veying it to the Rainlog web site.  

Currently, one rain gage has been in-
stalled at the Nogales, Sonora Water 
and Wastewater Utility (Figure 2).  In-
formation from this new station has 
been displayed online since April 5.

The model system includes an alarm ca-
pability to alert the forecaster or oth-
er designees when the maximum pre-
dicted stage level exceeds the critical 
stage or stages of the Nogales Wash 
in Nogales, Sonora, as designated.  

The K2 model also will be used to eval-
uate future flood hazards across the 
watershed using alternative land-use 
scenarios as inputs. For example, the 
primary method proposed for regu-
lating runoff is a series of detention 
basins in Nogales, Sonora; the im-
pacts of these are being modeled. 

Rain gage data will be used to cali-
brate the K2 model for advanced flood 
modeling and help inform land use 
planning for future scenario develop-
ment, such as  urban growth and de-
velopment. Rain gage data also will be 

continued on page 5

Flash-Flood Forecasting at Ambos Nogales

Figure 1. A map from the Rainlog Web site (http://rainlog.org) showing the location of the 
first precipitation gage online in Nogales, Sonora (May 4).
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cyclones. Key aspects are the stages of 
formation and intensification, with par-
ticular emphasis on the development 
off the west coast of Mexico during the 
last decade. More advanced topics in-
clude lectures on thermodynamic mod-
els, air-sea interactions, oceanic respons-
es, long-term variability, climate-related 
predictions, and geology-related tech-
niques to study coastal impacts dur-
ing the last 100-500 years. Additionally, 
practical sessions are offered to analyze 
case studies of tropical cyclone approach 
and landfall over northwestern Mexi-
co. During these sessions, students ap-
ply a historical database, issued by the 
United States National Hurricane Cen-
ter (http://www.nhc.noaa.gov), to ana-
lyze eastern Pacific basin activity dur-
ing the period 1970-2009. Case stud-
ies of cyclones that resulted in landfall 
over northwestern Mexico are explored 
in more detail by including observations 
from the seasons 2006 through 2009.

Course instructors are affiliated with 
academic and research institutions 
from Mexico (UNAM, IMTA, IPN, 
UABCS, and CICESE*), the United 
States (New Mexico Institute of Min-
ing and Technology , Louisiana State 
University, and University of Califor-
nia at Los Angeles), Cuba (Institute of 
Meteorology), and Costa Rica (Uni-
versity of Costa Rica). Students have 
come from Mexico, the United States, 
Costa Rica, Colombia, Cuba, Brazil, 
Dominican Republic, Argentina, and 
Chile (Figure 1). The students are orga-
nized into groups to discuss recent pub-
lications on climate change and its im-
pact on  tropical cyclone development. 
During the last day of the course, there 
is a forum in which the students pres-
ent their findings. For more informa-
tion on the training courses, see the fol-
lowing website: http://cabernet.atmos-
fcu.unam.mx/IAI/3th_spc_tc.html

In addition to the course, we have con-
vened symposia, to discuss social and 

Training on tropical cyclones, continued

California Peninsula, Gulf of Califor-
nia, and Mexican mainland and, af-
ter crossing the international border, 
they moved across the states of Califor-
nia, Arizona, New Mexico, or Texas.

The description of Hurricane Nora’s life 
cycle provides a valuable illustration. 
The 1997 season was considered just 
average to above-average, with 17 sys-
tems in the eastern Pacific basin. Four of 
them made landfall over southern (Olaf, 
Pauline, and Rick) or northern (Nora) 
Mexico. Hurricane Nora developed dur-
ing the period 16-26 September and 
affected Baja California, northwest-
ern Sonora, and the Arizona-Califor-
nia boundary. On September 24, 1997, 
Nora made landfall in north-central 
Baja California, as a category-one hurri-
cane, with a well-defined area of intense 
cloud cover; and a large area of moist air 
moved into the border region (Figure 3).

During Nora’s passage, strong winds 
(35-45 mph; 55-75 km/h) were re-
ported at Puerto Peñasco, Sonora, and 
Yuma, Arizona, while maximum rainfall 
accumulations exceeded 5 inches (125 

economic issues that are associated with 
the landfall of tropical cyclones. Top-
ics include coastal impacts and flooding, 
the link between cyclones and water re-
sources, flow of weather and climate in-
formation from scientists to policy-mak-
ers, the role of emergency managers, 
and impacts on public health. Speak-
ers on the human dimensions of tropi-
cal cyclones represent educational in-
stitutions and public and private agen-
cies, including emergency management  
agencies from regions with frequent cy-
clone activity during the storm season. 
This includes personnel from the states 
of Baja California Sur and Guerrero, 
and from the national center for disas-
ter prevention in Mexico (CENAPRED, 
http://www.cenapred.unam.mx).

Tropical cyclones crossing the Mexi-
co-United States border
From 1970 through 2009, more than 
90 tropical cyclones made landfall 
across the Pacific coast of Mexico. Even-
tually, five of them moved into the 
United States: Kathleen (1976), Ray-
mond (1989), Lester (1992), Lidia 
(1993), and Nora (1997) (Figure 2).  
These storms first moved over the Baja 

continued on page 5

Figure 2. Tracks of the 97 tropical cyclones that made landfall over the west coast of Mexico, 
during the period 1970-2009. Lines in color are from storms that crossed the Mexico-United 
States border: Kathleen (1976, blue), Raymond (1989, red), Lester (1992, green), Lidia (1993, yel-
low), and Nora (1997, purple). 
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Flash-Flood Forecasting, continued

used in a demonstration project to 
locate the most advantageous sites 
for more extensive weather moni-
toring equipment that will pro-
vide emergency managers with 
the most reliable alert system.

Collaboration
This project is part of a large collab-
oration of agencies and people, in-
cluding the Arizona Department 
of Environmental Protection- Of-
fice of Border Environmental Pro-
tection, Tucson, Arizona (ADEQ-
OBEP; Hans Huth); Nogales, So-
nora Water and Wastewater Utility 
(OOMAPAS-NS; Francisco Gaste-
lum); Nogales, Sonora Instituto Mu-
nicipal de Investigación y Planeación 
(IMIP; Claudia Zulema Gil Anaya); 
the U.S. Department of Agricul-
ture, Tucson, Arizona (USDA-ARS-
SWRC; David Goodrich); the Uni-
versity of Arizona, Tucson, Arizona 

Figure 2. The Nogales, Sonora Water and Wastewater Utility building, site of the first community 
rain gage in the network (left).  Electronic connection that conveys precipitation data from the rain 
gage directly  to the Internet (right).

(UA; Gary Woodard, D. Phillip 
Guertin); La Sección mexicana de la 
Comisión Internacional de Límites 
y Aguas, Nogales, Sonora (CILA; 
Jesús Quintanar Guadarrama); U.S. 
Section of the International Bound-
ary and Water Commission, El Paso, 
Texas (IBWC; Jose Nunez and Don-
ald Atwood); Mexico’s National Wa-
ter Commission, Hermosillo, Sonora 

(CONAGUA; Gilberto Oliveros); 
Sonora’s Water Commission Her-
mosillo, Sonora (CEA; Roberto Mo-
lina); City of Nogales, Sonora, Mex-
ico - Department of Emergency Re-
sponse (Eduardo Canizales); and 
colleagues from the U.S. Geologi-
cal Survey, Tucson, Arizona (USGS; 
Floyd Gray and James Callegary).

mm) at several stations over western Ar-
izona. This amount is much greater than 
average annual precipitation in Yuma 
(3 inches; 75 mm). According to post-
storm surveys, this event was respon-
sible of two deaths and 350-400 home-
less in Baja California. There were re-
ports of agricultural losses, traffic fatali-
ties, power outages, and urban flooding 
in southern California. Improved inte-
gration of forecast use and dissemina-
tion, and integration of decision-mak-
ers, such as emergency managers, may 
have helped reduce the tragic loss of 
life associated with Hurricane Nora.

In summary , tropical cyclones moving 
across North America may be associated 
with intense precipitation, wind dam-
age, and fatalities in both northwestern 
Mexico and the southwestern United 
States. Building scientific and profes-
sional capacity to monitor, predict, and 
prepare for  changes in storm structure 

Training on tropical cyclones, continued

and motion is an 
important part of 
reducing  prop-
erty damage and 
saving lives. The 
efforts described 
above are particu-
larly important be-
cause they build 
bridges across 
multiple disci-
plines and geo-
graphic areas and, 
as a result work-
shop participants and operation-
al agencies can improve communica-
tion across the Mexico-U.S. border. 

* UNAM: Universidad Nacional 
Autónoma de México; IMTA: In-
stituto Mexicano de Tecnología del 
Agua; IPN: Instituto Politécnico Na-
cional; UABCS: Universidad Autóno-
ma de Baja California Sur; CICESE: 
Centro de Investigación Científica y 
de Educación Superior de Ensenada

Figure 3. Image from the GOES-9 weather satellite, at 1700 (5:00 PM) MST 
on 24 September 1997.  Hurricane Nora is located off the west coast of the 
Baja California peninsula, just a few hours prior to landfall.
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Temperature
In the late spring, mid-latitude storms are rare in our re-
gion; however, several made their way down the Pacific 
coast, cooling temperatures in the border region. May tem-
peratures were substantially lower than the 1971-2000 av-
erage for much of Arizona, southern Nevada and Utah, 
and northwestern New Mexico (Figures 1a and c). In Mex-
ico, temperatures were near average throughout Chihua-
hua, Sonora and Sinaloa, but 1-2 degrees C (2-4 degrees F) 
above average in Durango. Mexican health authorities an-
nounced preventive alerts throughout the country due to 
heat related illnesses. Health authorities sited cases of intes-
tinal illnesses, diarrhea and vomiting, many of which were 
related to May heat waves. According to the Mexican Na-
tional Weather Service, temperatures reached 40 degrees C 
(104 degrees F) in several northern Mexico states, including 

Notes:
Maps of recent temperature conditions were produced by the National 
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 May.
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Figure 1c. Mean temperature at 2-m elevation 
for March–May 2010. 
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Figure 1d. Mean temperature departure from 1971-2000 
average at 2-m elevation for  March–May 2010.
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Figure 1b. Mean temperature departure from 1971-2000 
average at 2-m elevation for May.
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On the Web:
For more information: 
http://www.cpc.ncep.noaa.gov/products/Drought/
Atm_Circ/2m_Temp.shtml

Sonora (El Imparcial, May 8, 2010). Spring season tempera-
tures were more uniformly below average across the region 
(Figures 1b and d), due to a strong El Niño episode dur-
ing the first half of 2010. Cooler than average spring tem-
peratures hampered the emergence and growth of summer 
crop plantings, such as rice and cotton, and wet weather 
complicated spraying of some fruit and nut crops in Cal-
ifornia (USDA Weekly Weather and Crop Bulletin).



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

Precipitation
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The transition from strong El Niño to neutral conditions in 
the Pacific Ocean was accompanied by a transition from a 
wet winter in our region to a mostly dry late spring. Both the 
month of May and the spring season brought only scant pre-
cipitation across most of the Mexico-US border region (Fig-
ures 2a-b). Notable exceptions included northern Mexico, 
near the Rio Grande’s Big Bend region on the Texas-Coahuila 
border, Northern Baja California, northwestern Sonora and 
central New Mexico, where precipitation totals were above 
average (Figure 2d). Extreme eastern and northeastern New 
Mexico received some May precipitation (Figure 2c). May 
precipitation totals, however, were relatively low, which is 
typical for this dry time of year. The president of the Regional 
Cattle Union of Sonora, Luis Sierra Maldonado, stated that 

Figure 2a. United States and Mexico precipitation for May 
2010.

Figure 2c. United States and Mexico precipitation percent 
of 1971-2000 average for May 2010.
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Figure 2d. United States and Mexico precipitation 
percent of 1971-2000 average for March–May 2010.
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Figure 2b. United States and Mexico precipitation 
for March–May 2010.
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unlike in years past, the majority of Sonoran rangelands are 
in good condition, and ranchers will not face severe drought-
related problems. Overall, Maldonado commented that there 
was neither a problem with water nor pastures (El Imparcial, 
May 15, 2010). In parts of New Mexico, spring dryness has 
occasionally been accompanied by strong winds, which have 
damaged crops (USDA Weekly Weather and Crop Bulletin).

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.  Percentage 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

North American Drought Monitor

Border Climate Summary

8 | Recent Conditions

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

Drought status is varied across southeastern Nevada and Ar-
izona and extreme drought conditions dominate in south-
ern Sonora and Sinaloa. The western portions of New Mex-
ico were abnormally dry (Figure 3). The southwestern Unit-
ed States experienced unusually cool temperatures during 
the winter and spring, accompanied by above-average win-
ter rain and snow, which benefitted dry areas and boost-
ed storage at a number of reservoirs. However, the north-
ward shift of storms in April and May led to below-average 
seasonal precipitation totals in the Southwest. Through-
out the border region, drought conditions have improved 
since January, due to winter precipitation, but parts of 
northeastern Arizona remain in severe drought status. 

April is usually a dry month for northern Mexico; howev-
er, April 2010 was the third wettest in 70 years according 
to the Mexican National Weather Service (SMN). This may 
have contributed to a decrease in forest fires in the last sev-
eral months. According to Juan Manuel Torres Rojo, direc-
tor of the National Forest Commission (CONAFOR), dur-
ing 2010 only 3 major forest fires have been recorded in the 
state of Sonora. Rojo added that the areas affected by fires 
were 80 percent less than during 2009 (El Imparcial, May 15, 
2010).  Precipitation was registered mainly in the northeast-
ern region of the country as well as along the Gulf of Mex-
ico coast. Abnormally dry conditions dissipated in North-
ern Sonora, whereas southern Sonora, northern Sinaloa, and 
southwestern Chihuahua continued to experience drought 
conditions. The National Water Commission of Mexico 
(CONAGUA) reported that water storage in northwest-
ern and central-northern Mexico decreased during April.

Notes:
The North American Drought Monitor maps are based on expert assess-
ment of variables including (but not limited to) the Standardized Precipi-
tation 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 Meteo-
rological Service of México (SMN - Servicio Meteorológico Nacional).

Figure 3. North American Drought Monitor (released
May 21).

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



Sonoran Reservoir Levels

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

On the Web:
For more information: 
http://www.elimparcial.com
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Sonoran reservoir storage declined during the spring sea-
son. Total storage in the reservoirs displayed in Figure 4 de-
clined by almost 900 cubic hectometers. The largest per-
cent of capacity loss was in the A. Ruiz Cortines reservoir. 

In reservoir related news, high storage levels are presenting 
new opportunities for some Sonoran agricultural produc-
ers. Aquiles Souque Brito, president of the Irrigation Dis-
trict of the Rio Yaqui, announced that after nearly 16 years 
of limited production of secondary crops in the Yaqui Val-
ley, a projected 40,000 hectares of crops, such as soy planta-
tions like those of the mid 1990s, will be irrigated from res-
ervoirs this season. Brito stated that this alternative was made 
possible by the contributions of a Rio Yaqui reservoir system 
that is at 80 percent of average capacity, storing more than 5 
billion cubic meters of water (El Imparcial, May 1, 2010). 

The Southern Nevada Water Authority (SNWA) re-
cently unveiled a $25 million custom-made tunneling 

Notes:
The map gives a representation of current storage levels for reservoirs 
in Sonora. Reservoir locations are numbered within the blue circles on 
the map, corresponding to the reservoirs listed in the table. The cup 
next to each reservoir shows the current storage level (blue fill) as a per-
cent of total capacity. Note that while the size of each cup varies with 
the size of the reservoir, these are representational and not to scale.
 
The table details more exactly the current capacity level (listed as a 
percent of maximum storage, and percent of average storage). Current 
and maximum storage levels are given in cubic hectometers for each 
reservoir. One cubic hectometer is one billion liters.

This map is based on reservoir reports updated daily in El Imparcial 
(http://www.elimparcial.com), using data provided by Comisión Nacio-
nal del Agua.
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Figure 4. Sonoran reservoir levels for June 1, 2010, as a percent of capacity. The table lists current, average, and maximum 
storage levels.

1. Cuauhtémoc

2. El Molinito

3. A.L. Rodríguez

4. I.R. Alatorre

5. Álvaro Obregón

6. A. Ruiz Cortines

7. P. Elías Calles

8. Lazaro Cárdenas
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machine that will be used to create a deeper water intake 
from Lake Mead (Las Vegas Business Press, May 10). The 
new intake provides the SNWA with insurance in case 
the lake level continues to drop—water levels in Lake 
Mead have dropped 110 feet (33.5 m) since 2000.
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On the Web:
For more information: 
http://www.hydro.washington.edu/forecast/westwide/sflow/
index.6mons.shtml#seas_vol

Streamflow Forecast

Notes:
The forecast information provided in Figure 5 is updated monthly 
by the University of Washington and Princeton University using 
ensemble streamflow prediction (ESP) techniques. The average of a 
group (ensemble) of forecasts is generated by using recent meteo-
rology to initialize the Variable Infiltration Capacity (VIC) hydrologic 
model. Streamflow volume estimates are based on 40 VIC model runs, 
using meteorological data from the period 1960–1999. These esti-
mates, shown in Figure 5, are expressed in terms of the percent of the 
1960–1999 average streamflow at each gage.

The six-month Ensemble Streamflow Prediction (ESP) fore-
cast, released May 17 by the University of Washington and 
Princeton University, predicts near-average May-October 
streamflow for gages on both sides of the Mexico-U.S. bor-
der region. The average flow is based on the period from 
1960 through 1999. Most of the streamflow forecasts for 
the region predict six-month streamflow volumes of 90 to 
110 percent of average (Figure 5). However, the gages lo-
cated in northern Arizona along the Virgin River (num-
bers 8-10 in Figure 5) and along the Colorado River (num-
bers 12-13) are predicted to have below-average stream-
flow (70-90 percent of average). Only the San Joaquin 
(number 1) and Boquilla Rivers (number 2) are forecast to 
have extreme conditions, at 147 percent of average for the 
San Joaquin and 50 percent of average for the Boquilla.
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Figure 5. United States and Mexico stream�ow forecast for May–October.



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, is-
sued in April 2010, are based on years with similar patterns 
of precipitation, atmospheric circulation, and ocean temper-
atures, which affect the climate of the region. For the fore-
casts shown in Figures 6a–b, the years are 1958, 1969, 1980, 
1983, 1988, and 1992. SMN predicts below-average pre-
cipitation for most of Mexico in June. Baja California, ex-
treme northwestern Sonora, and southern Chihuahua are ex-
pected to be extremely dry. Dry conditions in southern Baja, 
northern Coahuila, and parts of northwestern Sonora are ex-
pected to give way to above-average precipitation through 
July. July forecasts for Northern Baja, eastern Chihuahua 
and western Coahuila indicate less than average precipita-
tion. Forecasts for August show above-average precipitation 
for most of the Baja peninsula and northwestern Sonora.

Summer season outlooks from the NOAA Climate Pre-
diction Center (CPC; not shown) predict continued de-
creasing SST anomalies. Most numerical models pre-
dict a complete transition to ENSO-neutral conditions by 

Figure 6a. Precipitation forecast for April 2010.

Figure 6b. Precipitation forecast for May 2010.
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Figure 6c. Precipitation forecast for May 2010 (released May 
2010).
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June (Figure 7). These conditions are expected to continue 
through the summer, although there is a slight chance that 
La Nina conditions may begin in the latter half of the sum-
mer. Forecasts of average precipitation in July are consis-
tent with continued weakening of El Niño and progression 
towards neutral ocean temperatures during the summer.



Notes:
Figure 7a shows the standardized three-month running average values of 
the Southern Oscillation Index (SOI) from January 1980 through May 2009. 
The SOI measures the atmospheric response to sea surface temperature 
(SST) changes across the tropical Pacific Ocean. The SOI is strongly associ-
ated with climate effects in parts of Mexico and the United States. Values 
greater than 0.5 represent La Niña conditions, which are frequently associ-
ated with dry winters and sometimes with wet summers in the southwest-
ern U.S. and northwestern Mexico. Values less than -0.5 represent El Niño 
conditions, which are often associated 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 in the 
ENSO-sensitive Niño 3.4 region, as follows: El Niño is defined as the warm-
est 25 percent of Niño 3.4 SSTs during the three month period in question, 
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 assess-
ment 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.

Figure 7a. The standardized values of the Southern 
Oscillation Index from January 1980–May 2010. 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).
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Figure 7b. IRI probabilistic ENSO forecast for El Niño 3.4 
monitoring region (released May 20). Colored lines 
represent average historical probability of El Niño, La Niña, 
and neutral.

El Niño
Neutral
La Niña

Time Period

100

90

80

70

60

50

40

30

20

10

0

Pr
ob

ab
ili

ty
 (%

)

May– 
Jul

2010

Jun– 
Aug

Jul– 
Sep

Aug– 
Oct

Sep– 
Nov

Oct– 
Dec

Nov– 
Jan

Dec– 
Feb

Jan– 
Mar

Feb– 
Apr

2011

On the Web:
For more information: 
http://iri.columbia.edu/climate/ENSO/currentinfo/update.html
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El Niño conditions continued to wind down through April, and 
sea surface temperatures (SSTs) across much of the equatorial 
Pacific Ocean are back to average values for this time of the year. 
The International Research Institute for Climate and Society 
(IRI) reported that SSTs in the mid-Pacific were near average 
(approximately -0.2 F), indicating that ENSO-neutral condi-
tions have returned (Figure 7b). Many of the strong connections 
between the ocean and atmosphere have quickly dissipated in 
the past several weeks, including thunderstorm activity in the 
central Pacific Ocean that was evident most of the winter. The 
Southern Oscillation Index (SOI) also shifted from a negative 
to a positive value in recent weeks, further indicating a shift 
to ENSO-neutral conditions (Figure 7a). Additionally, there 
is some indication that a La Niña event is on the horizon. 
The IRI states that there is a significant amount of unusually 
cool water just below the surface that has accumulating in the 
western Pacific Ocean and has been moving eastward. Often 
cool water temperatures below the surface precede cooling of 
surface water. This suggests that the development of a La Niña 
event is not too far in the future.

The IRI ENSO forecast indicates that there is an 80 percent 
chance that the recent shift to neutral conditions will continue 
through the May–July period. By the middle to late summer 
(August–October), the chance that neutral conditions will 
persist falls to 55 percent, while the probability that La Niña 
conditions will develop increases to 42 percent. Chances remain 

around 42 percent through the fall that a La Niña event will 
develop. Seasonal forecasts produced by the NOAA Climate 
Prediction Center (CPC) reflect higher chances for a La Niña 
event. CPC assigns increased chances for below-average pre-
cipitation for the late fall and winter for the Southwest, which 
is typical during La Niña events.

ENSO
(El Niño – Southern Oscillation)
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