
Monday 23 October 2017, Class #22 
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Concepts for Today  

• SPCZ question 
• Hydrological Cycle (finish up 
evaporation) 
• Atmospheric Dynamics 
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South Pacific Convergence Zone (SPCZ)
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The average positions of the climate features in November to April. The yellow arrows show near-surface winds, the 
blue shading represents the bands of rainfall (convergence zones with relatively low pressure), and the red dashed oval 
indicates the West Pacific Warm Pool. H represents the typical positions of moving high pressure systems.

• SPCZ is part of ITCZ, Impacted by El Nino when it moves north 
and east, During La nina it moves south and west. 

• The western, more equatorial portion of the SPCZ rainfall band 
is largely controlled by sea surface temperature (SST), 
whereas its eastern portion is also influenced by extra- 
tropical circulation and the subtropical dry zone of the 
southeastern Pacific. 
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2.4.1 South Pacific 
Convergence Zone
The SPCZ extends 
northwest-southeast in a diagonal 
line from near the Solomon Islands 
(0°, 150°E) to the south-eastern Pacific 
(around 30°S, 120°W) (Figure 2.6). It is 
composed of two parts (Trenberth, 
1976; Kiladis et al., 1989; Vincent, 
1994): the west-east-oriented western 
part attached to the West Pacific 
Warm Pool, which interacts with 
the West Pacific Monsoon; and the 
diagonally-oriented portion further 
to the east that extends into the 
sub-tropics. The Partner Countries 
affected by the SPCZ are the Solomon 
Islands, Tuvalu, Vanuatu, Fiji, Tonga, 
Samoa, Niue and the Cook Islands, 
and in some years Nauru and Kiribati. 
See Table 2.4 for further details.

The SPCZ forms in the region of 
convergence between the north-east 
trade winds and the south-easterly 
circulation ahead of anticyclones 
from the Australian region (Trenberth, 
1976; Streten and Zillman, 1984). 
The western, tropical portion of 
the SPCZ lies over the warmest 
sea-surface temperatures of the West 
Pacific Warm Pool, while the eastern 
portion is dominated by interactions 
with troughs in the mid-latitude 
circulation, which contributes to its 
diagonal orientation (Kiladis et al., 
1989; Vincent, 1994).

The seasonal cycle of rainfall in 
the SPCZ region can be seen in 
time-latitude plots of zonal mean 
(i.e. east-west) rainfall across the 
region (Figure 2.7). The SPCZ is most 
clearly defined with strongest rainfall 
in December-February when the 
monsoon trough (Section 2.4.3) is 
closest to the SPCZ region and winds 
feed more moisture into the SPCZ. 
It is weaker and less well defined in 
June-August (Vincent, 1994) as the 
monsoon trough moves north and the 
drier zone on the equator expands as 
the ITCZ (Section 2.4.2) moves north, 
feeding less moisture into the SPCZ.

Cloudiness and rainfall in the SPCZ 
region vary on a daily basis with the 

passage and merging of mid-latitude 
fronts and low-pressure systems. 
Tropical troughs and surface 
low-pressure systems also develop 
in the SPCZ region and influence 
rainfall, particularly in the dry season 
(Thompson, 1986). Therefore, the 
image of a continuous SPCZ with 
a line of high rainfall and strong 
convection represents the seasonal 
or long-term average conditions, 
rather than the conditions on any 
single day. There is evidence that the 
Madden-Julian Oscillation (Section 
2.4.4) influences the SPCZ on 
intra-seasonal time scales (Vincent et 
al., 1994; Matthews et al., 1996). The 
interannual variability of the SPCZ is 
dominated by the impact of El Nino 
Southern Osclillation (ENSO) events, 
with the SPCZ moving north and east 
during El Niño events and south and 
west during La Niña events (Trenberth, 
1976; Vincent, 1994; Folland et 
al., 2002; Vincent et al., 2011. See 
Chapter 3 for more information 
about ENSO.

maxima in upward motion at an altitude 
equivalent to 500 hPa. The ITCZ is 
one of the major features determining 
the climate of the tropical North 
Pacific, marked by the presence of a 
surface pressure trough, and formed 
by the convergence of moisture and 
heat-laden Northern and Southern 
Hemisphere trade winds. The upward 
branch of the Hadley Circulation 
cell in the Pacific sits over the ITCZ. 
In the eastern Pacific its north-south 
position is located where sea-surface 
temperatures are warmest – to the 
north of the equator. In the west, in the 
region of the West Pacific Warm Pool, 
sea-surface temperature gradients are 
weaker, and the ITCZ is not necessarily 
located over the very warmest waters. 
The Partner Countries affected by the 
ITCZ are Papua New Guinea, Palau, 
Federated States of Micronesia, 
Marshall Islands, Nauru and Kiribati. 
See Table 2.4 for further details.

In the central and eastern Pacific, 
the ITCZ is narrow, whereas in the 
western Pacific the ITCZ becomes 
broad, due to strong monsoon 
flows, and the breadth of the West 
Pacific Warm Pool to the north and 
south. Seasonal variation in the 
position of the ITCZ in the central and 
eastern Pacific shows an amplitude 
of approximately 5° of latitude 
(Figure 2.7). The ITCZ is closest to the 
equator in March-May, and furthest 
north during September-November, 
when it becomes broader, expanding 

Figure 2.7: Variation of average rainfall with month (horizontal axis) and latitude 
(vertical axis) averaged over longitude band 155°E–140°W in mm per day. Data from 
the Climate Prediction Center Merged Analysis of Precipitation dataset for years 
1979–1999. The regions of strong rainfall (blue/green) to the south and north of the 
equator indicate positions of the SPCZ and ITCZ respectively.

2.4.2 Intertropical 
Convergence Zone
The ITCZ is a persistent east-west 
band of low-level wind convergence, 
cloudiness, and rainfall, located close 
to the equator and extending across 
the tropical North Pacific (Figure 2.6). 
These features are also co-located 
with high-level wind divergence and 
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Sea Surface Temperature and Salinity in SPCZ

43Chapter 2: Climate of the Western Tropical Pacific and East Timor

2.6 Current Climate in the Region: Oceans

The ocean and atmosphere interact 
strongly in the tropical Pacific through 
the exchange of heat, water and 
momentum via surface winds. Surface 
winds affect the upper ocean in 
the first few tens of metres, driving 
surface currents and causing water 
to pile up in certain regions and to 
drop in others. This in turn generates 
pressure differences that can create 
currents extending from the surface 
to hundreds, or even thousands, of 
metres below. Surface winds also 
generate waves at the surface of the 
ocean which increase in size with the 
strength, duration and distance over 
which the wind blows.

While the atmosphere can drive 
changes in ocean circulation, 
temperature and salinity, the ocean’s 
surface temperature also shapes 
the properties and circulation of the 
atmosphere, as described in previous 
sections. Movement of heat within 
the ocean also controls changes in 
atmospheric circulation and rainfall 
on interannual time scales. The most 
dramatic example of this is the wind 
and rainfall changes driven by shifts 
in the position of the warmest tropical 
Pacific waters as part of ENSO 
(Chapter 3).

The ocean in the PCCSP region has 
a number of important and unique 
temperature, salinity and circulation 
features that influence the overlying 
atmosphere and play a role in 
marine productivity.

2.6.1 Sea-Surface 
Temperature
In general, sea-surface temperature 
decreases consistently from the 
equator towards the poles. This is a 
consequence of the greater amount 
of solar energy entering the ocean at 
lower latitudes compared to higher 
latitudes. There are important regional 
deviations. Along the equator, easterly 
trade winds push the warm surface 
tropical waters towards the west. 
This forms an extensive pool of the 
world’s warmest waters, the West 
Pacific Warm Pool, with temperatures 
exceeding 28–29ºC and covering 

an area of 15 million km2 (Wyrtki, 
1989; Figure 2.11). The Warm Pool 
stretches from the central Pacific to 
the far eastern Indian Ocean. The 
Indian Ocean portion of the Warm 
Pool is fed via a warm current (called 
the Indonesian Throughflow) from the 
Pacific Ocean (Hautala et al., 2001) via 
the Indonesian archipelago. The warm 
water abutting the western margin of 
the Pacific basin is forced downwards 
and as a result the very warm waters 
extends to a depth of up to 100 m 
(Figure 2.12).

both hemispheres (Figure 2.11, 
top panel, blue arrows). This deviation 
of surface current direction from the 
prevailing wind direction is caused 
by the Coriolis effect, which is a 
consequence of the rotation of the 
Earth. These surface flows are 
termed Ekman currents. This causes 
a divergence of surface water away 
from the equator, draws sub-surface 
water to the surface in a process 
known as equatorial upwelling. 
A similar mechanism occurs adjacent 
to the South American continent. 
Here the south-easterly alongshore 
winds (in combination with the Coriolis 
effect) drive an offshore Ekman 
current that again causes coastal 
upwelling of deep water to the surface.  

Figure 2.11: Long-term annual-average sea-surface temperature (ºC) (top) and 
sea-surface salinity (parts per thousand, ppt) (bottom) from the World Ocean Atlas 2005 
Database. Thick black lines show the 28.5°C and 34.8 ppt contours, commonly used for 
the boundary of the Warm Pool. Also shown on the upper panel are the Quikcat wind 
stress vectors (white arrows) and surface Ekman currents (blue arrows, computed from 
windstress). Precipitation minus evaporation from ERA-40 reanalysis is shown on the 
lower panel (mm per day, red dashed contours). See text for explanations of these terms 
and Tables 2.2 and 2.3 for data sources.

While water is pushed westward in the 
direction of the winds directly at the 
equator, the easterly trade winds drive 
surface currents (in the top 10–50 m) 
that flow away from the equator in 
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Distribution of Global Water

[Cook, 2012]

The amount of water in atmosphere, soils and biosphere is soooo small 
yet it is so important to climate processes. 
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Moisture Budget Diagram

[Hastenrath, 1991]
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The Water Budget

• Surface Balance, long-term

� 

gw = So = P + D− E −Δf

� 

Δf = P − E

• Atmospheric Balance, PDE opposite sign

� 

gwa = SA = −(P + D− E) −Δfa

runoffevap

dewfall

precip

storage

storage in air horizontal export in atmos
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Divergence - Aside
• Divergence of some quantity F

� 

∇
→

•F
→

= ∂Fx
∂x +

∂Fy
∂y + ∂Fz

∂z
• Divergence is the rate at which F, flux, exits some space, and 

quantifies how much the density within the space of some quantity 
changes. 

Continuity Equation

Gauss’s Theorem: the sum of all sources minus the sum of all sinks 
gives the net flow out of a region. Volume integral of divergence of a 
quantity = net amount crossing surface

 

!
∇ • r !U( ) = −∂r∂t
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Evaporation, Precipitation, & Runoff (P-E)

• P: Equatorial & 
Midlatitude Peaks 

• E: Subtropical 
Peaks 

• P-E

[Hartmann, 1994]
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Evaporation and Transpiration

• Evapotranspiration - water 
going from surface to 
atmosphere, transforming from 
liquid to gas phase, but passes 
from soil through plant stomata 
to the atmosphere. Sublimation 
may also be included in this 
term.  

http://en.wikipedia.org/wiki/Evapotranspiration
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Land Surface Influences Surface Heat and Water Fluxes

[Hartmann, 1994]
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Measure Evapotranspiration

• Weigh moisture change with a lysimeter

• Micro-meteorology measurements, w & 
q

• Alternate method is to infer as a residual in the energy 
balance

� 

E =
Rs − SH −ΔFeo −G( )

L

N. Mölders

Poorly observed
quantity
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Poten&al	Evapotranspira&on
• Amount	of	water	that	can	be	lost	from	a	saturated	(wet)	surface	is	called	poten&al	

evapotranspira&on.	
• Usually	PE	larger	than	E,	since	soil	may	not	be	saturated	or	plants	are	not	transpiring	at	

maximum	rate.		
• Calculate	using	Penman’s	Equa&on	or	other	theore&cal	or	empirical	techniques.

http://ag.arizona.edu/~lmilich/pe.html

1)	Constraints	on	Evapora/on	
-water	supply	
-energy	for	evapora/on	
-surface	air	condi/ons
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Water Balance - Annual Cycle

• Precip varies little in Boston over year and PE follows solar insolation. 
• Memphis (southern US) winter precip peak, PE follows insolation also

[Fig 5.6, Hartmann, 1994]

EP PE cm/month
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Zonal Water Vapor (vertically integrated) transport by all Motions

• hjk

[Peixoto & Oort, 1992]
Follows Winds, Around India, + eastward, - westward
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Water Budget: Oceans and Continents

• hjk

[Hastenrath, 1991] Compare with Hartmann Table 5.2

• Explain 
plot 
• ATL, 
IND, PAC 
net export 
•  ART, 
ANT net 
gain 
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Next war over water??
• Dynamics of water use in the world by continents.

worldwaterexchange.com

Goldman	Sachs	describes	it	as	“the	petroleum	of	the	next	century”.
Newsweek 2015: http://www.newsweek.com/2015/05/01/
world-will-soon-be-war-over-water-324328.html
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Ethiopia’s Planned Renaissance Dam on the Nile
6000 MW hydroelectric plant
Nile River Cooperative Framework deal, challenging the 
colonial-era treaty that guarantees Egypt “natural and 
historic rights” over the Nile waters
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Summary of Hydrology

• Key Ideas for Today 
• Global evaporation cycle 
• Measuring evaporation and soil moisture 
• P-E, P-E budgets, P-E zonal mean pattern 
• Freshwater in the earth system 
• Evapotranspiration 
• Potential Evapotranspiration 
• Water stress leading to unrest?  
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http://www.youtube.com/watch?v=qh011eAYjAA

Global Atmospheric Winds 

http://www.youtube.com/watch?v=xusdWPuWAoU

Global Ocean Currents
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Newton’s First Law 

• ΣF=ma, sum up all the forces 
• What forces come into play in the 

atmosphere? 
• Coriolis 
• Pressure Gradient Force 
• Friction

ΣF=ma=m d
v
dt

units
kg m/s2
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Vector Aside

• A quantity that has magnitude and 
direction (example: wind)

v

u
V=u

i + v

j


V



Coriolis Force

• Because the earth is turning this fake force has to 
be included in the sum of forces. Newton’s laws 
only apply in an inertial reference frame (not 
rotating).  

• To the right in the northern hemisphere and to the 
left in the southern hemisphere.  

• Earth spins counterclockwise if you are looking 
down on the north pole (opposite if you are 
looking down on to the south pole.

22

http://www.classzone.com/books/earth_science/terc/
content/visualizations/es1904/es1904page01.cfm



What is the Coriolis ‘force’? 
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Once air has been set in motion by the pressure gradient force, it 
undergoes an apparent deflection from its path, as seen by an observer 
on the earth. This apparent deflection is called the "Coriolis force" and 
is a result of the earth's rotation.

f is the Coriolis parameter, a function of latitude

Coriolis = fv

i - fu

j



Pressure Gradient Force

• Pressure gradients occur when there are differences in 
pressure. What leads to pressure differences?  

• The direction of the pressure gradient force is from high 
to low.  

• Differential heating leads to pressure difference that 
forces winds. 

• Think of a high pressure as a hill of atmospheric mass 
that wants to even out so moves downhill.

24

http://apollo.lsc.vsc.edu/classes/met130/notes/chapter8/pgf.html



Circulation around high and low pressure 
centers in Northern Hemisphere

•  Flow is opposite in the southern hemisphere 
around highs and lows. 

25


