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Figure1: Soil Moisture Percentiles with respect to the 1960-1999 climatology for a) January 1st 2008 and b) January 15th 2008

North American Monsoon 
Experiment: NAME 

From Munoz-Arriola et al., page   :  Extended West-wide Seasonal Hydrological System: Seasonal Hydrological Prediction in the NAMS 
region
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1.  Introduction
The North American Monsoon system has been an active target 
for numerical simulation for many years. A coordinated set of 
retrospective simulations of the 1990 summer season, called 
the NAME Model Assessment Project or NAMAP, was carried 
out prior to the NAME field campaign in 2004 (Gutzler et al. 
2005). One of the products of the NAMAP set of simulations 
was a set of goals for model simulation improvement, based 
on several important features of the seasonal evolution of the 
NAMS that seemed problematic. These goals were formulated 
in terms of metrics for subsequent simulations (Gutzler et al. 
2005). The metrics included:
• Correct simulation of monthly averaged precipitation rates 

to within 20% throughout the diurnal cycle.
• Determination of observed monsoon onset to within 1 

week.
• Simulation of the magnitude of the observed afternoon 

peak of latent and sensible heat fluxes to within 20% on a 
monthly averaged basis.

• Correct simulation of the position of the Gulf of California 
low-level jet with respect to the Gulf and the high 
topography to the east. 

NAMAP considered only monthly mean output averaged 
over spatial subregions within NAME Tier I (Figure 1). The 
present study, denoted NAMAP2, is designed to re-examine 
the NAMAP metrics in a new coordinated set of simulations 
of the 2004 warm season, and extend NAMAP’s temporal and 
spatial limitations to consider other NAME-related subregions 
and sub-monthly temporal variability. Daily resolution is clearly 
needed to address the NAMAP metric concerning monsoon 
onset, as well as many other diagnostic quantities of interest.  
To some degree, success in achieving these simulation goals is 
limited by our ability to validate them. The difference between 
operational precipitation analyses for this period is generally 
on the order of 10% across much of the area depicted, and in 
some subregions the difference between observational products 
approaches 20%, which is the NAMAP-specified metric for 
successful model simulation. It is quite likely that actual surface 
fluxes are not known to within 20% across the NAME domain. 
Likewise, existing analyses of observed precipitation across 
NAME Tier I do not properly constrain the diurnal cycle. For 
studies of the diurnal cycle the challenge in validating models 
with available data involves comparison of pointwise raingauge 
observations (Gochis et al. 2007) with model-generated gridcell 
values, although new NAME observations should improve 
this situation. 
The value of NAMAP2, therefore, is not so much in demonstrating 
that a particular model does or does not capture a quantitative 
metric of the monsoon, or performs better than other models, 
for one summer season. Instead this model assessment exercise 
should be considered a step in an ongoing iterative process 
of simultaneously improving both modeling capabilities and 
observational analyses pertaining to the summer climate of 
southwestern North America. Progress on both fronts will 
be necessary to achieve NAME’s ultimate goal of improving 
seasonal prediction skill. At this stage of the NAMAP2 analysis 
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we are emphasizing just the spread among models, rather than 
attempting to complete a detailed process-based analysis of 
individual model output. 
As we move forward the results of NAMAP2 are being directly 
fed into operational forecast model development efforts at 
NOAA’s Environmental Modeling Center through the NAME 
Climate Process Team effort. 
2.  NAMAP2 Models and Protocols
The NAMAP2 simulation period extends across the boreal 
warm season of 2004, when the NAME Enhanced Observation 
Period took place. Some of the NAMAP2 participants were 
active in the first round of NAMAP simulations. Several other 
modeling groups volunteered following presentations soliciting 
participation at NAME science workshops and other scientific 
meetings. Participants helped to design the modeling strategy 
and common boundary conditions used in the simulations. 
Time-varying SST was the principal prescribed surface 
boundary condition for NAMAP2 simulations. Experience from 
the initial NAMAP exercise indicated that existing operational 
SST products tend to be considerably too cold in the Gulf of 
California. Some observational evidence (e.g. Mitchell et al. 
2002) suggested that proper simulation of surface temperature 
in the Gulf might be critical for properly simulating sufficiently 
strong atmospheric moisture transport up the Gulf, although 
regional models do not consistently reproduce such sensitivity 
(Mo and Juang 2003). Wang and Xie (2007) created a new SST 
analysis product for NAMAP2, denoted MPM, that incorporates 
multiple sources of satellite data to improve the temporal and 
spatial resolution of the surface temperature field, with special 
attention given to the Gulf of California. Most of the NAMAP2 
simulations used the MPM analysis; one modeling group ran 
their seasonal simulation twice, once with MPM as the ocean 

Analysis domains used for defining spatial averages. Tiers I and II are 
defined in the NAME Science Plan; CORE and AZNM were used 
in the first round of NAMAP (Gutzler et al. 2005) and are used in 
NAMAP2 as well; Tier 1.5 is newly defined for NAMAP2. 
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surface temperature boundary conditions and another with an 
operational SST analysis. No standard was set for land surface 
models, and each modeling group picked its own land surface 
component. 
NAMAP2 simulations were carried out by 6 global modeling 
groups and 4 regional modeling groups (summarized in 
Table 1; more complete information on the different models 
can be obtained from the NAMAP2 web page at URL   
http://www.eol.ucar.edu/projects/name/namap2). A key 
difference between the global and regional model protocols 
is the constraint provided by prescribed time-varying lateral 
boundary conditions for the regional models. These boundary 
values were provided by the AMIP-II reanalysis product 
(Kanamitsu et al. 2002). Global models generated their own 
large-scale circulations, constrained by prescribed ocean 
temperatures. Thus comparing the global and regional model 
simulations provides a suggestion of the importance of the 
correct simulation of the large-scale circulation surrounding 
the monsoon domain, and how well the global models succeed 
in creating that circulation. 
Participating modelers were requested to submit an agreed-
upon list of variables with three-hourly resolution for archiving 
and analysis at the NOAA Climate Prediction Center. Output 
was submitted over an analysis domain that corresponded to 
the “Tier II” region defined in the NAME Science Plan (Figure. 
1a), which extends across southwestern North America from 
10°N to 40°N in latitude, and 90°W to 120°W in longitude.  
Spatial averages within Tier I were used for many analysis 
purposes (Figure 1a). Most of these subregions have been 
used in previous NAME-related diagnostic studies. One new 
region, Tier 1.5, was defined for this analysis because NAMAP 
indicated that a common modeling flaw involved generating 
precipitation too far to the east relative to observations. Tier 1.5 
was designed to capture such precipitation.
3.  Synopsis of NAMAP2 Simulations of the 2004 North 
American Monsoon 
In this brief synopsis we will focus on the first metric listed 
in the Introduction, pertaining to the monthly means and 
diurnal cycle of warm season precipitation, and consider just 
the CORE subregion. Monsoon onset, surface fluxes, regional 
low-level jet circulations and other features of the simulations 
will be described in more detail in a lengthier article now in 
preparation.  An online atlas of NAMAP2 results, hosted at the 
University of Miami, contains a much more comprehensive set 
of images of NAMAP2 results. The URL for the NAMAP2 atlas 
is   http://www.rsmas.miami.edu/personal/pkelly/Research.
html. This site can also be reached via a link from the NAMAP2 
webpage at URL   http://www.eol.ucar.edu/projects/name/
namap2. 

Time series of three different estimates of total monthly observed 
precipitation [URD, a gauge-based analysis (Higgins et al. 
2000); TRMM, a satellite-based estimate (Huffman et al. 2007); 
and RMORPH, a prototype satellite-gauge blend (Janowiak 
et al. 2007)] from May to September 2004, averaged over the 
CORE subregion (Figure 2. page  15, black lines), all show the 
pronounced increase between June and July typical of the North 
American monsoon.  In 2004 CORE precipitation decreased in 
August relative to July. All the simulations (both global and 
regional) shown in Figure 2, with one exception, reproduce an 
increase in total precipitation from June to July. This represents a 
marked improvement over the NAMAP simulations, for which 
the global models systematically delayed monsoon onset and 
thereby misrepresented the seasonal progression.  Two of the 
global model simulations (blue and yellow lines in Figure 2a) 
stand out as drier in July compared to the other models and 
observations. These particular simulations initiate precipitation 
too far to the east; the seasonal progression of precipitation in 
these two simulations is closer to observations when rainfall 
is averaged across the larger Tier 1.5 region (not shown). The 
spread of CORE-average precipitation among global models 
increased in August, with four models continuing to increase 
precipitation from July to August, one model initiating its 
precipitation in August instead of July, and two models 
following the observed progression of a July peak followed 
by an August decrease. 
All the regional models also simulate a large increase in CORE 
precipitation from June to July (Figure 2b), and all models 
except one then properly exhibit a decrease in precipitation 
from July to August. As was the case in NAMAP, the MM5 
simulations (red and light blue lines in Figure 2b) tend to 
oversimulate precipitation in the CORE subregion. 
Most global models simulated the diurnal cycle of total 
precipitation in the CORE subregion reasonably well, 
as determined from satellite-based estimates (TRMM or 
RMORPH), whereas the regional models seem to exhibit much 
less consistency despite the higher resolution used for these 
simulations (results for total precipitation are not shown here; 
see the NAMAP2 atlas). To examine this counterintuitive result 
in more detail, we considered separately the diurnal cycle of 
convective precipitation (left panels) and resolved precipitation 
(right panels) in the CORE subregion for Jun-Aug 2004 (Figure 
3, page 15). 
The diurnal cycle of convective precipitation (Figure 3, left 
panels) reaches a peak near 00Z in all models. The amplitude 
of convective precipitation varies considerably among the 
global models but is remarkably consistent among the regional 
models (three of which are represented here; one model was 
excluded from this comparison because of evident problems 

Model Name Affiliation / Contact Horizontal 
Resolution 

Ensemble 
Size

SST 
Prescription

CFS (Operational) NOAA CPC / Schemm T126 (~1°) 5 MPM
GFS NOAA CPC / Mo & Wei T126 4 MPM
CAM3_a UCSD SIO / Collier & Zhang T42 (~2.8°) 1 MPM
CAM3_b NCAR / Lawrence 1.0°×1.25° 1 Hadley
CAM3_c UCSD SIO / Collier & Zhang T42 (~2.8°) 1 Era-40
Finite Volume NASA GSFC / Bosilovich 0.25°×0.36° 2 MPM
GEOS5 NASA GSFC / Lee & Schubert 0.5° 5 MPM
RAMS Duke U / Roy 64 km 1 NOAA OI
RSM UCSD SIO / Nunes & Roads 30 km 1 MPM
MM5_a IMTA / Lobato 30 km 3 MPM
MM5_b UNM / Ritchie 15 km 1 MPM

Table 1.  Listing of models 
participating in NAMAP2 
and their key characteristics. 
The six global models are 
indicated in non-italic type; 
four regional  models  in 
italics.  
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with the high-frequency output data set). The rate of resolved 
precipitation, i.e. rain from grid saturation or fractional 
cloudiness schemes, is much smaller in global models (note 
that the y-axis in Fig 3b is greatly expanded relative to the other 
panels in Figure 3).  In contrast, resolved precipitation in the 
regional models (Figure 3d) is generally of equivalent amplitude 
to convective precipitation but varies hugely from one model 
to another. The large amount of resolved precipitation in the 
MM5 simulations accounts for much of the overestimate of total 
precipitation by these models noted in Figure 2b. 
The results in Figure 3 indicate that the treatment of 
precipitation, in terms of the overall amplitude and diurnal 
cycle, is occurring quite differently in the various models. 
Convective precipitation in these high resolution regional 
models was reasonably consistent from model to model, despite 
their use of different convective parameterizations, but the 
transition to resolved precipitation (several hours after the 
convective peak) was handled very differently in the various 
models. The global models generally produced little or no 
resolved precipitation, so model-to-model differences must 
have resulted from different treatments of moist convection, 
and/or from different simulations of flow and thermodynamic 
structure in the NAM region as part of their different global 
climates.  
4.  Concluding Remarks
Ten modeling groups carried out a coordinated set of 
simulations of the 2004 North American monsoon season. Here 
we have summarized aspects of precipitation variability in the 
CORE subregion that had been flagged in the previous NAMAP 
exercise as worthy of special attention. All models achieved 
some degree of fidelity in simulating the onset and seasonal 
evolution of the monsoon and the diurnal cycle of precipitation, 
but, as expected, there were considerable differences among 
models in the amounts. A much more complete set of  NAMAP2 
graphics is freely available in an online atlas, and additional 
analyses of the results are being prepared for publication. 
In addition to the spatially averaged results reported in this 
paper, a more detailed analysis is being carried out for column 
model results from these same simulations at model locations 
that correspond to the sites of NAME intensive observations. 
The models’ moist processes that turn atmospheric moisture 
into clouds and precipitation are also being examined at these 
sampled grid columns. Time-height plots of data from these 
soundings and other sites can be found on the Web atlas. 
This component of the NAMAP2 analysis examines the 
hypothesis that land-atmosphere interaction (LAI) errors in 
these simulations, as seen in analysis of the diurnal cycle (which 
is well-sampled within a single field season), may provide 
clues to their systematic errors in the largely land heating-
driven synoptic flow structure of the NAM system. If so, then 
improving the relevant model physics schemes by diurnal cycle 
calibration might improve seasonal simulations and forecasts 
of the synoptic flow and thus moisture fluxes. Land surface 
observations were a strong point of NAME, so collaborations 
between atmospheric and hydrology communities will be 
fruitful, although the upscaling problem is especially daunting 
in such heterogeneous landscapes. 
As we move forward, the results of NAMAP2 are being directly 
fed into operational forecast model development efforts at 
NOAA’s Environmental Modeling Center through the NAME 
Climate Process Team effort.  As a modeling component of 
NAME, the overarching goal is to leave a legacy of improved 
observations, process-based understanding, simulation 
capability, and ultimately prediction skill for summer climate 

variability associated with the North American monsoon.
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From Gochis, page 2: A view from the Golden Years of the North American Monsoon Experiment

Figure 2: Jul-Aug 2004 Noah-HRLDAS simulated total evapotranspiration (ET, a-d), accumulated surface runoff (Q, e-h) and runoff fraction 
(Qr, i-l) from the RMORPH, TRMM3b42, CCMORPH and PERSIANN satellite QPE products.  From Gochis et al., 2008.

Figure 2:  Time series of total monthly precipitation [cm] averaged 
over the CORE subregion, May-Sept 2004, simulated by (a) global 
models   (b) regional models. Three estimates based on observations 
are shown as black lines in each plot. 

Figure 3:  Diurnal cycle of convective precipitation (left column, 
plots a and c) and resolved precipitation (right column, plots b and 
d), simulated by global models (a and b) and regional models (c and 
d) in the CORE subregion.  The diurnal cycle was calculated as the 
monthly averaged hourly rain rate [mm/hr] in three-hour increments, 
for the months of June, July and August 2004. Time is shown as 
UTC. Note the much-expanded ordinate scale in plot (b).

From Gutzler et al., page 6: Atmospheric simulations of the 2004 North American Monsoon circulation: NAMAP2




