120 150E 180 150W 120 S0 &0 i

Figure 1. Annual mean precipitation over the tropics, as inferred from
different data sources. The upper panel is based on the microwave
sounding unit over the ocean and a land climatology compiled from station
data. The lower panel shows the Geostationary Operational Environmental
Satellite precipitation index (GPI) inferred from high-resolution imagery of
outgoing longwave radiation. The bands of heavy precipitation over the
tropical Pacific and Atlantic are the oceanic ITCZs. Quantitative estimates
of precipitation in meters per year can be inferred from the color bar at the

bottom.
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Figure 2. Clmatolgical annual mean conditions aver the
Fan American region. Vectors denote surface winds,
orange-yellow shading denotes precipitation, and gray-
blue shading denotes stratus cloud decks. Owver bath the
Atlantic and Pacific, the ITCZ & bcated well to the north of
the equator, and southeasterly trades extend across the
equator. The stratus cloud decks are more extensive in the
Southern Hemisphere.
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Figure 3. As in Fig. 2, but shading denotes annual mean
sea surface temperature. The warmest (reddest) waters
are observed, not an the equator, but in the Narthern
Hemisphere near the latitude of the ITCZ
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Figure 4. As in Fig. 3, but arrows denote surface currents.
The eastward arrows at the latitude of the ITCZ
correspond to the North Equatorial Countercurrent and

the longer westward arrows along and just to the south of
the equator correspond to the South Equatorial Current.



Figure 5. Annual mean chlorophyll concentrations based on Goastal Zone Galar Scanner
imagery. The color scale has been adjusted to enhance the weak gradients in the viciniby

aof the equator. The enhanced concentrations along the equatar in both eceans are
zignatures of upwelling. Concentrations are also enhanced beneath the [TCZ, in the regicn

of coastal upwelling along the Peruvian coast and downstream {on the Pacific side) of the
gape in the mountain ranges of Central America.



Figure 6. Topography of North and South America, (a) at approximately 5' resolution and (b) at
the typical 2° latitude-longitude resolution of an atmospheric general circulation model that is
used in climate simulations. Shading interval is 200 m.



-:I'.I'ﬂﬁu'mn'.ﬂn'.:-
0.75 am

wagatation
02« FPAR <04

B |occFPaRcoy

| BLLELE

Figure 7. Annual mean distribution of snow, soil moisture, and vegetation over North and
South America. The soil moisture is characterized by model water content in the topmaost
7 em of soil. Vegetation is documented by the satellite-derived fraction of photo-
synthetically active radiation absorbed by the green vegetation canopy (FPAR). Snow
depth derived from surface observations.
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Figure 8. Maan {12872-1235) warm saason pracpitation {shading) and circulation at 825 hPa (vectar winds) and 200 hPa
(straamilinas): a) Jul-Saptambar. Tha pasition of uppar-laval mansoon anticyclana owvar tha southwastam Unitad Statas
and natineastarn Maxico isindicatad by an "A". Tha subtropical surfaca high prassure cantars ovar Barmuda and tha
Marth Pacific ara indicatad by "H". Tha appraimata location ol tha Graat Plains kbw-laval jat s indicatad by a haavy solid
amaw. b) Decambar-Fabruary. Tha position of the uppar-keval monsoon high ovar Balivia is indicatad by an"A". Tha Sauth
Aflantic subtropical surtaca high prassure cantar i indicatad by an "H'. Tha approximate axis of tha South Atlantic
Camarganca Jonma [(SACS) s indicatad by tha haavy whita dashad lina.



Figure 9. As in Fig. 2, but for the March-April mean {upper panel
and September-October mean conditions (lower panel). Note the
double ITCZ configuration in the Pacific, symmetric about the
equator in March-April, in contrast to the prominent single ITCZ
near 10°N in September. Astrongly contrasting structure is also
observed in the Atlantic sector, with the ITCZ displaced farther

north in September-October. Rainfall rates in excess of 20 cm per
month are colored orange-yellow.
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Figure 10. Time-latitude sectionz of the mean
(1961-1990) annual cycle of precipitation. Data are

averaged zonally over west coast land points at
each latitude.



Figure 11. As in Fig. 3 but for the March-April mean (upper panel)
and September-October mean conditions (lower panel). The warm
pool to the north of the equator is present year round. The largest
seasonal contrasts are observed along the southern flank of the
equatorial cold tongue. September-October is the time of
strongest meridional temperature contrast across the equator.
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Figure 12. Scatter plot of monthly mean sea surface temperature (*C) in the
equatorial cold tongue regions of the Atlantic and Pacific for individual years/months,
grouped by calendar month. The dots for each calendar month are staggered alang
the x axis to make them more visible, and the calendar year is repeated. Note the

high degree of reproducibility of the seasonal march, particularly in the Atlantic,
where El Nifio exerts only a modest influence.



13 12 15 1@ 17 18 18 20 21 &2 23 22 25 28

Figure 13. Depth-time sections of cimatological mean
temperature (*C) on the equator at 110°W (upper panel) and
140°W (lower panel) showing how the seasonal march
tends to be much stronger near the surface than near the
thermocline.
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Figure 14. Frequency of occurrence of clouds with topa colder than -38°C as
revealed by high-resolution satellite imagery for the years 1990-83. {top) June,
(middle) July, (bottom) the difference of July minua June. In most years, the
nortbward shift of the rainfall in northwestern Mexico and Arizona occurs rather
abruptly around July 1. Deapite thiz shift, the zame distinctive signature of the
orography and coastal geometry iz evident during both monthe over much of
Central America.
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Figure 15. July minus June differences in surface winds (arrows), sealevel
prezsaure (contours: gold denotes pressure increazes; zero contour thickened), and
rainfall (shading: red denctes increases and blue decreases). The freshening of the
trades over much of Central America i= related to the rize in sea-level pressure aver
Mexico. The prevailing northwesaterly winds along the wesat coast of Mexico weaken,
allowing surges of moist southerly flow to penetrate into the Gulf of California. The
inkage between month-to-month changes in the continental monzoon and the [TCZ
appears to be stronger in the microwave sounding unit imagery and rain gauge
data shown here than in the infrared imagery shown in the previous figure.
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Figure 16. March-April mean (upper panel) and September - October mean

(lower panel) soil moisture and vegetation (FPAR). Soil moisture and FPAR
asinFig. 7.



Figure 17. Seazonal march of the snow line at (a) the beginning and (b)
end of Morthern Hemizphere winter. Darker blues indicate cooler
temperatures. Elevation contour is 1500 m.



Figure 18. Climatological mean July minus June precipitation {mm/month).
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Figure 19. Interannual variability of leaf area index (LAI). The
index is the ratio of the one-half of the |eaf area to the area of the

ground surface.



Figure 20. Summary of the major large-scale climate anomalies
associated with the warm phase of the ENSO cycle during the
Morthern Hemisphere winter.



Figure 21. Sea surface temperature anomalies (contour interval 0.2°C) and
ocean rainfall anomalies during a typical wam episode of the ENSO cycle.
Enhanced rainfall, indicated by the red shading, is observed over the region
of above-normal sea surface temperature, and reduced rainfall, indicated by
the blue shading, is observed throughout much of the surrounding region
and over the tropical Atlantic adjacent to Northeast Brazil.
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Figure 22. Time-latitude sections of the core of the heavy rainfall
associated with the Pacific ITCZ, averaged over longitudes 180-110"W.
Estimated rainfall amounts range from 20 em per month for the orange up
te ~50 em per month for the yellow. Each year the ITCZ is closest to the
equator from February through April. The rainy seasons of 1983 and 1987
fell within warm episodes of the ENSO cycle.



Figure 23. Anomalbus rainfall obaerved during a typical warm episode of the
EMSD cycle (colored shading, repeated from Fig. 21) ahown with the
corresponding pattern of anomalies in mean tropoapheric temperature
(contours: gold positive and green negative). The pair of temperature extrema
straddling the equator in the eastern Pacific are warm anomalies, which
correspond to anomalkus anticyclonic gyres in the upper-tropospheric flow.
Theze disturbances in the upper-level flow are reaponsible for the wide-ranging

impacta of ENSO upon the climate of the Americas.



Figure 24. Correlation between average February through May
precipitation in northeast Brazil (yellow dot) and sea surface temperature.
Red (blue) shading indicates regions in which above-normal sea surface
temperatures tend to be observed in conjunction with the above (below)
normal rainfall in northeast Brazil. The strongest correlations are on the
order of 0.7. Northeast Brazil rainfall tends to be more strongly correlated
with Atlantic sea surface temperatures than with Pacific sea surface
temperatures.
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Figure 25. Contrasting vertical masas flux profiles in disturbed regions
of the ITCZ in the eastern Atlantic and the *warm core® region of the
western Pacific. In the [TCZ the low-level cornvergence (indicated by
the large negative vertical dervative) is concentrated within the lkbwest
1.5 km, whereas in the western Pacific it i= much weaker and extends

all the way up to 5 km.
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Figure 26. NASA QuikSCAT scatterometer 10-m viector wind averaged for
Movember 1588 [veclors) and the corresponding divergence field. Red and blue
denate convergence and divergence, respectively, Shading units in incremsants
of 105 571,
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Figure 27 Threg-rlay composite avarage maps of san surface tamparatune for
11-13 July 1988, during a e of year when lhe equaloral Paeilie and Allantic
arg typically coal. Tha maps are based on maasuramants from a satallite
miercveave radicmeler ([ ThME. Whilg areas represent land or rain eonlaminalion.
Tha sharp northarn adge of the celd tongue is distodted by weastward-
propagaling lopical inslaklity waves which onginals in the oeean, bul produce a
digtingt signatura in the fislds of cloudiness and wind spaar.
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Figure 28. Typical wintertime weather anomalies preceding heavy precipitation events
over the northwestern U.S.
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Figure 29. Composited evolution of 200 hPa velocity potential anomalies (10°m®s") and
points of origin of weather systemns that developed into huricanes or typhoons (€.
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Figure 30. Sakzllite measurements of suface wind and sea surface
ternperature averaged for January 2000, Dark shading over land indicates
alawvakion in axgess of 300 m. Strong offshcra flow downstream of the gaps in
the: mountain ranges, with monthly mean wind speeds as high as 10 m a7,
gives rise 1o local sea surface emperature minima. indicated by the lighter red
shading in the figure and enhanced chlorephyll concentrations {Fig. 5).
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Figure 31. Frequency of deep convection as indicated by the occurrence of
clouds with tops colder than -38°C at two different times of day during July.
Around 5 AM local time (top) the highlands are cloud free and the offshore waters
experience the highest frequency of convective clouds, whereas around 5 FM
local time (middle), convection tends to be concentrated over the high terrain and
the compensating subsidence tends to keep offshore waters relatively cloud free.
The difference between 5 PM minus 5 AM (bottom panel) shows even more
clearly the complex influences of the mountain ranges and the shape of the
coastline. It is interesting to note how at ~5 PM, the continental monsoan and the
ITCZ are well separated, but at ~5 AM they appear to be nearly merged.
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Figure 32. Time series of warm season rainfall over
selected regions: U.S. Great Plains; southeast U.S.;
Arizona; Ceara, Brazil; and Guayaquil, Ecuador. Average

months as indicated.
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Figure 33. Mature of global El Nino impacta during 1987-1998.
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Figure 34. Simultaneous linear correlations
between aeazonal-mean rainfall in the
indicated region (yellow dot) and Pacific and
Atlantic =ea surface temperature anomalies.
Averaging monthe and periods of record as
indicated. See also Fig. 24.



Figure 35. Hurricane posations on the last day that they exhibit hurricane-force
windsa during the (&) 25 warmest and (b) 25 coldesat yvears in termsa of sea surface
temperature in the equatorial cold tongue region (6°N-6°3, 1B0-20°W) based on

the period of record 18B6-1992.



Figure 36. Daily hurricane and tropical eyclone positions during the (a) 10
wamest and (b) 10 coldest years in terms of sea surface temperature in the
equatorial cold tongue regions based on the period of record (1949-1292).
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Figure 37. Schematic figure illustrating the implementation plan for the North American
Monsoon Experment (MAME). Analytic, diagnostic, and model development activities
will be organized using a multiscale approach. MAME includes specific research

objectives addressing mesoscale (Tier 1), regional scale (Tier 2), and continental
scale (Tier 3) phenomena. The N-S arrows are the Gulf of California and Great Plains low

level jets. Squiggly arrows represent tropical easterly waves (TEW) and angled lines show
the intensification of a TEW as it moves westward. The angled line over the Central Plains
indicates a midlatitude disturbance that is propogating eastward, as indicated by the arrow.
"5" indicates the origin of a Gulf of California moisture surge and the '"H" indicates the
locations of subtropical high pressure systems, specifically the Bermuda high in the Atlantic
and the eastern Pacific subtropical high.
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Figure 38. Schematic vertical (longitude-pressure) cross section through the
Morth American monsoon system at 27.5°N illustrating processes and
phenomena that contribute to the budgets of heat and water in the core monsoon
region.
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Figure 39. Implamantation plan far MESA (Monsoon Exparimant South Amarica) will have two stages conductad in
saquanca: (a) Staga 1, ahald study kading to battar dascrphion and undarstanding of tha rala af tha South Amarican k-
laval jat (SALLJ) in climate variability and VAMOS EPIC (VEPIC) studies of ocean-atmaosphara-land interactions in the
ragian af tha southaastarn Pacitic Ocaan and waslam South Amanca, and (b)) Slage 2, a study al tha hydroclimatakogy of
tha La Plata Rivear basin. LBA (Larga-scala Biosphare- Almasphara in Amazonia) i a GEWEX program facusing on thea
water and enargy budgats of the Amaron River basin. PIRATA (Pilot Ressarch Moorad Array in the Aflantic) and OSEPA
(praposad Ceaan Southaast Pacihic Array) ara maarad buay arrays dasignad far anhancad ocaan-atmasphara climata
manikaring.



Figure 40. Equatorial wind regimes as defined in the text, superimposed upon the
average September-October climatology. Surface vector wind, rainfall, and stratus cloud
sources and plotting conventions as in Fig. 2. The contours indicate sea-level pressure
(contour interval 1 mb). The heavy line depicts the "ridge ling" in the sealevel pressure
field, i.e., the highest pressure at each latitude.
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Figure 41. Idealized cross section through the ITCZ/cold tongue complex in the
monsoonal regime showing the atmospheric meridional circulation, atmospheric
boundary layer depth, and the oceanic thermal structure. SEC refers to the South
Equatorial Current, NECC to the North Equatorial Countercurrent, and EUC to the
Equatorial Undercurrent. The heavy cloud denotes the position of the ITCZ. Encircled x's
(dats) denote westward (eastward) flowing winds or currents.



Figure 42. PACS SONET upper-air
stations for enhanced climate monitoring.
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