
This work was done under the auspices of the Significant Opportunities in Atmospheric Research and Science (SOARS®) 
program of the University Corporation for Atmospheric Research, with funding from the National Science Foundation, the U.S. 
Department of Energy, the National Oceanic and Atmospheric Administration, and Goddard Space Flight Center, NASA.  

SOARS® 2005, Luna M. Rodriguez-Manzanet, 1 

Lower Tropospheric Analysis of the Daily Cycle of the Wind  
for the East Coast of the Gulf of California during NAME 2004. 

 
Luna M. Rodriguez-Manzanet 

Academic Affiliation, Fall 2005: Senior, Universidad de Puerto Rico-                                    
Recinto de Rio Piedras, Physics 

SOARS® Summer 2005 

Science Research Mentor:  Leslie M. Hartten                                                                  
Writing and Communication Mentor:  John J. Cassano                                                    

Community Mentor: Susan Cross                                                                            
Peer Mentor:  Nancy M. Rivera Rivera 

ABSTRACT: 

The daily cycle of the wind in the lower troposphere is not well known over the Gulf of 

California and the western coastal plains of Mexico. During the North American Monsoon 

(NAM) it is thought to be associated with the daily cycle of convective precipitation in this 

region. For this research project half-hourly lower tropospheric winds from three wind profilers 

were analyzed. These wind profilers were deployed along the coastal plain of Mexico during 

the Enhanced Observation Period (EOP) of the North American Monsoon Experiment (NAME 

2004). The data from the wind profilers were used to document and understand the daily cycle 

profile of the winds during the monsoon. Mean profiles and mean daily cycles were computed 

at Puerto Peñasco (31.34ºN, 113.51ºW), Bahía Kino (28.81ºN, 111.93ºW), and Los Mochis 

(25.69ºN, 109.08ºW) over the first half of the 2004 NAM. The mean profiles show shallow 

southerly winds backing to easterlies; the southerlies deepen with latitude.  The mean daily 

cycles show land/sea breezes at the most southern sites and a low level jet at the northern site. 

The directional constancy of these features is high. These results give an initial look into the 

structure of the winds in the lower atmosphere in this area and their variability along the Gulf 

of California, which have not been previously documented.  This work has raised additional 

questions about the wind flow in this region that may facilitate future research of the NAM and 

will be useful for the improvement of models forecasting this phenomenon. 



1. Introduction: 

Southwestern regions of the United States and northwestern regions of Mexico receive 

an increase in rainfall from July through mid-September caused by a shift in the direction of the 

wind. We classify any seasonal 

change in the prevailing winds as a 

monsoon, and more specifically, for 

this region, as the North American 

Monsoon (NAM).  This monsoon is 

associated with a mid-tropospheric 

ridge, called the sub tropical ridge, 

that moves northward during the 

monsoon season (Figure 1a; Ellis et 

al. 2004). At the surface, the monsoon 

is associated with a weak high 

pressure center that forms over the 

Four Corners region and a thermal 

low pressure center that forms over 

the lower Colorado River valley 

(Figure 1b). The position of the high 

and low pressure areas at the surface 

causes the wind to shift from westerly 

before the monsoon season to 

southerly during the summer 

monsoon season, resulting in  

moisture being drawn northward from the Gulf of California into northern Mexico and the 

Southwest United States (Ellis et al. 2004). As much as 70% of the rainfall in the region may 

occur during the summer monsoon season as daily thunderstorms (Douglas et al. 1993). This 

rainfall is vital for the desert region but can also be associated with catastrophic flooding 

events. Given the importance of the monsoon it is necessary to be able to forecast this 

phenomena accurately, although currently it is poorly predicted on many timescales.  

Figure 1. Maps of mean July-August (a) 500 mb 
heights and (b) sea-level pressure fields over North 
America. Features of interest for the North American 
Monsoon are labeled. Source: Ellis et al. (2004). 
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The poor prediction of the monsoon stems from the difficulty in modeling large-scale 

flow patterns, the embedded small-scale flows, and convection. These are all important 

components of the monsoon, although convection is particularly difficult to model due to its 

local scale, short duration, and direct association to daily cycles of wind and temperature. To 

observe and understand key components of the monsoon, like convection, a research program 

known as the North American Monsoon Experiment (NAME) was formed. NAME organized 

an international team of scientists to improve forecasting skill for the monsoon and to increase 

our understanding and provided clear documentation of the primary principles and major 

elements of the monsoon and their variability (Higgins et al. 2005). This was accomplished in 

part by carrying out a major field campaign during the summer of 2004 known as NAME 2004. 

During this campaign data were gathered from more than 20 different types of instrument 

platforms, including surface meteorological stations, radars, aircraft, research vessels, satellites, 

wind profilers, rawinsondes and raingauge networks which generated an extremely large 

dataset that is available to the scientific community (Higgins et al. 2005). The use of this data 

set provides an opportunity to advance our knowledge of the structure and characteristics of the 

monsoon and allows for improved prediction of the monsoon and its impacts on the region.  

As discussed above, convection for this region is not modeled accurately and this can be 

partially attributed to not modeling correctly the daily cycle of the wind. This daily cycle is not 

well known, therefore, the ultimate goal of this summer research project was to describe the 

daily cycle of the winds in this region. This analysis utilized the lower tropospheric wind 

profiler data from the three Integrated Sounding Systems (ISSs) deployed by NCAR during 

NAME 2004.  

 

 

 

 



2. Approach:  

 a. Data 

 The data used for this project were collected from three ISSs that obtain in-situ and 

remote measurements using:  

 a balloon-borne radiosonde navaid (GPS) sounding system; 

 an enhanced surface observation station; 

 a 915 MHz Doppler clear-air wind profiling radar   (Table 1); 

 a Radio Acoustic Sounding System (RASS) (NCAR 2005). 

More details about ISSs can be obtained from Parsons, et al. (2004). 

 

The three ISSs used for this study were located at Puerto Peñasco, Bahía Kino, and Los 

Mochis along the east coast of the Gulf of California. The locations of these sites are shown as 

circles in Figure 2 and the exact locations are listed in Table 2.  

 
Table 1. Typical performance specifications of wind profilers deployed by National Center for 
Atmospheric Research (NCAR).  Information obtained from NCAR (2005) 
 

 
Radar Frequency 915 MHz 
Radar Wavelength 0.33 meters 
Mean Power 50.0 W 

Antenna size 4.0 square meters

Beam Width 10.0 degrees 

Minimum Observation Height 0.12 km AGL 
Maximum Observation Height2 to 5 km AGL 
Low altitude mode: 60 & 100 meters 

High altitude mode: 250 & 500 meters
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Figure 2.  The Gulf of California and the northwest region of Mexico where wind profilers 
were located during NAME 2004. The circles represent the locations of the ISS deployed by 
NCAR and the diamonds show where wind profilers were deployed by NOAA.  Map colors 
based on www.ColorBrewer.org, by Cynthia A. Brewer, Penn State. 
 

The wind profiler data from the ISSs consisted of vertical profiles of the horizontal 

component of the wind from the surface to an altitude of about 4 km. For each half-hourly 

period the wind profilers collected data on the horizontal components of the wind. This was 

done in both high and low modes continuously for 25 minutes and then the RASS collected 

virtual temperature data for 5 minutes. The raw wind profiler data were processed by NCAR 

using the NCAR Improved Moment Algorithm (NIMA; Morse et al. 2002) to obtain an average 

of the winds for each 0.5 h period for both modes. These half-hourly wind observations were 

collected during the beginning of the monsoon for approximately 40 days during the Enhanced 

Observation Period (EOP) of NAME 2004 (see Table 2). The data archive of the wind profilers 

of the ISSs was retrieved from the JOSS/NAME website (http://www.joss.ucar.edu/name/). 
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Table 2.  Metadata of ISS sites of NAME 2004, including site locations, actual performance 

specifications, and observation periods for each site. EOP indicates Enhanced Observing 

Period of NAME2004 and DOY indicates the day of the year. 

  PUERTO 
PEÑASCO

BAHÍA  
KINO 

LOS  
MOCHIS 

SITES ISS2 ISS3 ISS4

Latitude (degrees) 31.3433 N 28.8139 N 25.6894 N

Longitude (degrees) 113.5089 W111.9272 W109.0819 W

Altitude (m) 12 1 4

1st gate 0.20 0.20 0.22low mode  

last gate 6.07 6.07 6.10

1st gate 0.48 0.48 0.60

Range (km) 

high mode 

last gate 12.21 12.21 12.15

low mode 105 105 105Pulse  
Length  
(m) high mode 255 255 210

low mode 98 98 98Gate Spacing    
(pulse lengths) 
(meter) high mode 238 238 196

First Day of Reliable Data 189 189 189

Last Day of Data 228 229 227

DOY 189 189 189start date 

  7-Jul 7-Jul 7-Jul

DOY 228 229 227end date 

  15-Aug 16-Aug 14-Aug

Portion of  the 
EOP Observed 

number of days 39 40 38

low mode 1868 1784 1868max # of  
observations 

high mode 1519 1517 1809

 

 

b. Methods 

 

NIMA-processed half-hourly profiles of the speed of the zonal and meridional winds 

were used to determine the mean profiles of the wind speed and direction of each site for the 

entire EOP. These mean profiles provided an overview of the wind structure at the three sites 



and allowed for the identification of outliers in the data. The half-hourly horizontal wind 

observations from the ISS can be represented as 




V H  u,v  uˆ i  vˆ j   

and also 




V H  M, . 
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N represents the total number of observations available during the EOP for a given ISS site. 

The vector mean wind speed is given by: 
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and the vector mean wind direction is given by: 
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Evaluation of mean winds requires a representative number of observations in order for 

the mean value to be meaningful of the time period of interest. To determine the minimum 

percent of possible half-hourly observations to utilize when calculating the means such that the 

average values be meaningful, plots of the percent of possible observations by height were 

made. These were plotted by site and used the maximum number of days possible (Table 2). As 

shown in Figure 3 there is a close correlation between the high and low mode. The maximum 

number of observations obtained overall was then taken as the 100% value. Figure 3 indicates 

that there is a rapid decrease in the number of observations between 2000 and 4000 m, with less 

than 25% of the possible observations above 4000 m. For the remaining analysis presented in 

this paper all means are displayed only when at least 50% of the possible half-hourly 

observations were available. This threshold was chosen to provide reasonable data coverage in 
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the vertical, while maintaining a mean that would be representative of the conditions during the 

EOP. 

 

 

Figure 3. Profiles of the percent of possible half-hourly observations at each site with the high 
mode shown in blue and the low mode in orange. The maximum number of half-hourly 
observations was determined on a site-by-site basis as the most number of observations at any 
height and mode over the observing period, and was used at all other heights and both modes 
in order to convert number of observations to percentages.   
 

Mean daily cycles of both the full and anomalous winds were calculated for each site by 

averaging the same 0.5 hour wind profile of the day over the EOP number of days of data 

available (Table 2). In addition to the mean daily cycle, the directional constancy of the winds 

was also calculated using scalar the mean wind speed, sM , defined as: 
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Then, the directional constancy (DC) is:  
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(Panofsky and Brier 1968). 

 

When DC is equal to one the winds were always from the same direction but if DC is equal to 

zero then the winds may have been split equally between two directions or they are equally 

likely to have been from any direction. 
 

3. Results and Discussion: 

 

a. Mean Profiles 

 

Figure 4 displays the mean wind speed and direction profiles calculated for the duration 

of the EOP for all three ISS sites. Means based on both the high and low mode of the ISS wind 

profiler of each site are plotted for comparison. The EOP mean profiles for both high and low 

modes are only shown for levels at which at least 50% of the half-hourly observations were 

available. The low mode data mean profile of the wind speed at Puerto Peñasco indicates the 

presence of a low level jet. Winds at the lowest observational level at this site have a mean 

speed of 5.32 ms-1, which increases to a value of 5.58 ms-1 at a height of 476 m. Above this 

height the mean wind speed decreases with altitude. At Bahía Kino the wind speed at the 

lowest level is 3.96 ms-1 and then decreases and reaches a minimum of 1.49 ms-1 at 1790 m.  

Above this height the wind speed increases. The data from for Los Mochis indicates a wind 

speed of 2.02 ms-1 at the lowest level that then decreases with increasing altitude until reaching 

a minimum value of 0.98 ms-1 at 987 m and then increasing again above that height. One trend 

that is evident in the data plotted in Figure 4 is that the wind speed at the lowest observational 

level is weakest at the southernmost site and increases with latitude. 
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Figure 4.  Vector mean wind speed (top row) and vector mean wind direction (bottom row) 
profiles of each ISS site during the EOP of NAME 2004.Data from Puerto Peñasco, the 
northernmost ISS site, is plotted in the left column, from Bahía Kino is plotted in the middle 
column, and from Los Mochis, the southernmost ISS site, is plotted in the right column.. 

 
The profiles of wind direction show that at Puerto Peñasco the winds are deep 

southerlies. At Bahía Kino the winds nearest the surface are southerlies and begin to shift 

gradually to easterlies at a height of 1162 m.  Data from Los Mochis indicates low level 

southerly winds that shift to easterlies over a shallow depth of the atmosphere at an altitude of 

1368 m. The results shown in this figure indicate that the southerlies in the lower layer of the 

atmosphere deepen with increasing latitude, and shift to easterlies with increasing altitude at the 

two southernmost ISS sites. Further, at Los Mochis there is a strong directional wind shear. 
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b. Daily Cycles: 

 

Figure 5. Daily cycle profile of the vector mean wind during the EOP for Puerto Peñasco. 

 

 The figures of the daily cycles (Figures 5-7, 9-11), like the mean profiles, include only 

the half hourly observations that included 50% or more of the possible observations at any level 

for every time-period. Only the low mode data is shown since it provides better vertical 

resolution than the high mode data.  Below a height of 1.0 km the daily cycle at Puerto Peñasco 

(Figure 5) shows that a southeasterly low-level jet occurs around sunrise (0400-0700 UTC). By 

midmorning the winds begin to shift to southerly and in the afternoon the winds have turned to 

southwesterlies. By 2030 UTC the southwesterlies have weakened and have become southerlies 

that begin to shift to southeasterlies overnight to form the southeasterly jet observed near 

sunrise. In this lower level we notice the change in direction of the wind but what is more 

impressive and noticeable is the change in the magnitude of the winds. However, in the upper 
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portion of the profile at Puerto Peñasco there are predominantly southerly winds that are larger 

in magnitude during the early morning and become light and variable during the evening. 

 

 

Figure 6. Daily cycle profile of the vector mean wind during the EOP for Bahía Kino. 
 

Below 1.0 km at Bahía Kino (Figure 6) the winds are southerlies at midnight and by 

sunrise have turned to pure southeasterlies that begin to weaken by midday and shift to 

southwesterlies in the afternoon and evening. We see that in the morning this region has a land 

breeze (a coastal breeze blowing from land to sea, caused by the difference in the rate of 

cooling of their respective surfaces) that shifts to a sea breeze (a thermally produced wind 

blowing from a cool ocean surface onto adjoining warm land) after noon. The primary change 

over the daily cycle evident at this site is a change in wind direction. At altitudes of 1.0 to 2.0 

km the winds are southerly and southeasterly during 0000-0800 UTC that change gradually to 

light and variable winds for the rest of the day. Above 2.0 km we have continuous easterly 
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winds throughout the day. Looking at Figure 7 we see that these easterlies are due to a 700 mb 

ridge centered over southern Arizona. 

 

 

 

Figure 7. Map of 700mb geopotential height (m). Four-times daily values from the 
NCEP/NCAR reanalysis were averaged from 00UTC on July 7, 2004 to 18UTC on August 15, 
2004, and plotted with a contour interval of 5m. Image provided by the NOAA-CIRES Climate 
Diagnostics Center, Boulder, Colorado, USA, from their Web site at http://www.cdc.noaa.gov/. 
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Figure 8. Daily cycle profile of the vector mean wind during the EOP for Los Mochis. 

 

The daily cycle of the wind at Los Mochis (Figure 8) does not display a layered wind 

profile as was found at the previous two sites. During the early morning (0000-0600 UTC) at 

Los Mochis the winds change from southerlies near the surface to easterlies aloft . During the 

morning (from 0600-1100 UTC) the winds gradually shift from easterlies to southerlies in the 

lower part of the profile (<1.0 km), while at a higher altitude (>1.2 km) for this same time 

period the wind changes from northeasterly winds to east-northeasterly winds. During the 

afternoon and early evening (1300-1900 UTC) the winds are southwesterlies near the surface 

and easterlies above 1.4 km. Regions of light and variable winds occur around sunrise (between 

0500-0600 UTC) at heights between 0.2 km and 1.8 km, through the morning and afternoon at 

heights between 1.0 and 1.2 km, and during the night from 2000 to 2100 UTC at heights below 

1km.  
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c. Directional Constancy: 

 

Figure 9. The vector-mean daily cycle of winds during the EOP (arrows, scaled as in Fig. 5) 
and its directional constancy (shading). Colors based on www.ColorBrewer.org, by Cynthia A. 
Brewer, Penn State. 

 

To understand some of the features displayed in the daily cycle plots, such as the areas 

of light and variable winds and the constancy of the daily winds, the directional constancy was 

plotted over the daily cycle profiles.  Figure 9 indicates that there is a large ( > 0.7) directional 

constancy in the lower levels that diminishes gradually with altitude at Puerto Peñasco. This 

can be attributed to the low level jet winds decreasing in magnitude and its direction being 

affected with altitude. The highest ( > 0.9) directional constancy occurs from approximately 

0000 to 1700 UTC (early evening) between 0.3 and 1.3 km, with values over 0.9.  This high 
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directional constancy in the region coincides with the location of the jet and reaches an altitude 

of approximately 1.3 km.  

 

 

Figure 10. The vector-mean daily cycle of winds during the EOP (arrows, scaled as in Fig. 6) 
and its directional constancy (shading). Colors based on www.ColorBrewer.org, by Cynthia A. 
Brewer, Penn State. 

  
The largest directional constancy in the profiles of the daily cycle winds at Bahía Kino 

occurs at the times of day when the land and especially sea breezes occur (Figure 10). There is 

a fairly high directional constancy aloft in the easterlies during the evening and morning 

located above 800 mb. The area of low directional constancy located between 900 and 800 mb 

in the late afternoon may be due to day-to-day differences in the height at which the winds 

change from strong southwesterly winds near the surface to easterlies aloft.  
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Figure 11. The vector-mean daily cycle of winds during the EOP (arrows, scaled as in Fig. 9) 
and its directional constancy (shading). Colors based on www.ColorBrewer.org, by Cynthia A. 
Brewer, Penn State. 

 
During the early morning at Los Mochis there is a medium directional constancy that 

decreases after 0400 UTC. This low directional constancy that follows may be associated with 

the variations in the timing of the wind shift that occurs from southerlies to southeasterlies at 

approximately sunrise. The largest directional constancy at this site occurs in the afternoon, 

with large values for the southwesterly winds (sea breeze) below 1.0 km and for the easterlies 

above 1.3 km. Between these areas there is a region of low directional constancy probably due 

to the height of the wind shift changing over the EOP. 
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4. Conclusion: 

The NAM is not forecast well partly due to the inaccurate representation of convection 

in models. This, to some extent, may be attributed to not predicting correctly the daily cycle of 

the wind in the models.  This daily cycle has been studied using data collected by ISS wind 

profilers during NAME 2004. The results presented were based on averages calculated using at 

least 50% of the possible half hourly observations from early July through mid-August. The 

mean profiles, displayed as vector mean wind speeds and vector mean directions, showed 

shallow southerly winds that backed into easterlies; these southerlies deepened with latitude. 

Vector mean daily cycles were also shown for each site and these displayed land and sea 

breezes at the southern sites and a low level jet at the northern site. The directional constancy, 

presented with the daily cycles, outlined these features and illustrated their high directional 

constancy. These plots also outlined areas where there was low directional constancy and these 

were attributed to variations in the height or time of the wind direction change. 

This study did not address the difference in timing of the sea and land breezes or their 

variations in depth. Further study of the active and non-active periods of the monsoon may lead 

to explanations of the timing and depths of the sea/land breezes that were featured in this 

project. Understanding the causes of these changes and incorporating them into the models will 

get us one step closer to more accurately modeling the NAM. 
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