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above, but care should be taken in interpretation over 
typically data sparse regions, such as central Africa. 

2) TOTAL COLUMN WATER VAPOR—C. Mears, J. Wang, 
S. Ho, L. Zhang, and X. Zhou

The map of total column water vapor (TCWV) 
anomalies for 2011 (Plate 2.1f) includes data from 
satellite-borne microwave radiometers, homogenized 
radiosonde, and ground-based GPS measurements 
(Wentz 1997; Wentz et al. 2007; J. Wang et al. 2007; 
Dai et al. 2011). In the tropical Pacific Ocean there 
is a C-shaped dry anomaly that is most pronounced 
south of the equator. This is similar to 2010 although 
smaller in spatial extent. In the western tropical 
Pacific, there is a strong wet anomaly that extends 
with diminished intensity to the northeast and south. 
Many of these features are associated with the La Niña 
event. Over land, radiosondes indicate dry anomalies 
over eastern China and southern North America. 

Many of the same features are present 
in the 2011 surface specific humid-
ity and precipitation anomalies (Plates 
2.1g and 2.1i, respectively). The pattern 
in TCWV anomalies is confirmed by 
COSMIC measurements (Fig. 2.16; Ho 
et al. 2010), which have the advantage of 
extending over land regions. GPS sites 
generally concur with COSMIC and the 
radiosondes, except over central Europe. 
Potential biases in European GPS sites 
due to a change in processing in April 
2011 are being investigated.

Over the ocean, the TCWV global 
anomaly time series (Fig. 2.17a) from the 
microwave radiometers shows maxima 
in 1987/88, 1997/98, and 2009/10, as-

sociated with El Niño events, as well as a more subtle 
increasing trend corresponding with increasing global 
temperatures. Relative minima are apparent in North-
ern Hemisphere winters during the La Niña events 
of 1988/89, 1992/93, 1999/00, 2007/08, and from late 
2010 onwards. The ocean-only COSMIC data also 
show the strong maximum in 2009/10. This feature is 
apparent in the land-only COSMIC data (Fig. 2.17b) in 
2010/11 but is larger in the GPS and radiosonde data. 
A time vs. latitude Hovmuller plot derived from the 
satellite radiometers (Fig. 2.18) shows that, over the 

FIG. 2.17. Global average total column water vapor anomalies (mm; 
1997–2010 base period, COSMIC uses 2007–10) from satellite-borne 
microwave radiometers (SSM/I, SSMIS, AMSR-E and WindSat) 
over ocean, COSMIC over land and ocean, radiosondes, and radio 
occultation measurements from ground based GPS over land. The 
time series were smoothed to remove variability on time scales 
shorter than six months. 

FIG. 2.18. Satellite radiometer (SSM/I, SSMIS, AMSR-E 
and WindSat measurements) monthly mean anoma-
lies (mm; 1997–2010 base period) for total column wa-
ter vapor (ocean only) by latitude. Data were smoothed 
in the time direction to remove variability on time 
scales shorter than four months.  

FIG. 2.19. Globally averaged precipitation anomalies 
(mm yr-1; 1961–90 base period over land, 1992–2011 
base period over oceans) for (a) three in situ datasets 
over land, and (b) and (c) three satellite-based datas-
ets over ocean. Global ocean averages cover 60°S to 
60°N using a common definition of “ocean”. Panel (c) 
shows low-pass filtered time series by convolution with 
a Gaussian distribution with four-month width at half-
peak power whereas panel (b) shows annual averages 
of this for comparison with land data.  
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ocean domain, the changes associated with El Niño/
La Niña are largest in the tropics. 

3) PRECIPITATION—D. E. Parker, K. Hilburn, P. Hennon, and 
A. Becker

Globally, precipitation over land remained above 
the 1961–90 average in 2011 in records from both 
the Global Historical Climatology Network Monthly 
Version 2 (GHCN; Peterson and Vose 1997) and the 
Global Precipitation Climatology Centre (GPCC) 
Monitoring Product (Schneider et al. 2011; Fig. 2.19a). 
2011 was the 2nd wettest year in the GHCN record, 
behind 2010, but only the 12th wettest year in the 
GPCC record where 2010 was the 6th. The Global 
Precipitation Climatology Project Version 2.1 (GPCP; 
Adler et al. 2003) is not yet updated to include 2011 
but is shown in Fig. 2.19a for completeness. The posi-
tive anomalies of 2011 rainfall over land from GHCN 
and GPCC were about 20 mm – 40 mm, slightly lower 
than in 2010. The GPCC record, which indicates the 
smaller anomaly, is based on more observing stations.

Figure 2.20, from the GHCN data, suggests that 
zonal average precipitation was above the 1961–90 
normal around 15°S–25°S, 0°–25°N, and 35°N–50°N. 
The world map of land and ocean precipitation in 
Plate 2.1i uses GHCN precipitation over land; cover-
age is sparse, especially over Africa and Amazonia. 
Seasonal and annual precipitation anomalies from 
GPCC are shown in online supplemental Figs. S2.8, 
S2.9, and S2.10. There are some differences between 
the GPCC and GHCN annual anomalies, especially 
over Australia, likely due to both sampling and meth-
odological differences. Note that GPCC data contain 
statistically infilled estimates over regions with few 
or no stations. Droughts are apparent in Europe and 
the southern US / northern Mexico region. The latter, 
a La Niña-related drought, likely contributed to the 
slightly-below-average precipitation at 25°N–35°N in 
Fig. 2.20. The year 2011 was the second successive wet 
year in Australia, contributing to the above-average 

zonal mean at 15°S–25°S in Fig. 2.20. This reflects the 
influence of La Niña and the warm eastern Indian 
Ocean, which also contributed to the strongest ever 
monsoon season across Thailand (see section 7g). 
Plentiful rains over parts of the Horn of Africa during 
September–November 2011 (see online supplemental 
Figs. S2.9 and S2.10) somewhat relieved the drought 
arising from the failure of the previous two rainy 
seasons (see Sidebar 7.2). 

The global ocean precipitation climatology uses 
Remote Sensing Systems (RSS) Version-7 intercali-
brated passive microwave rain retrievals (Hilburn 
and Wentz 2008). Version-7 data available at the 
time of writing include: F11, F13, F14, and F15 SSM/I, 
F17 SSMIS, AMSR-E, and WindSat. For Version-7, 
a change made to the beamfilling correction in the 
RSS rain algorithm has increased light rain rates in 
the extratropics, which led to an overall increase in 
the global mean rain rate. The 1992–2011 global aver-
age rain rates over the ocean from 60°S to 60°N are: 
1113 mm yr-1, 1109 mm yr-1, and 1147 mm yr-1 from 
RSS, GPCP (through 2010), and CMAP, respectively.  
Figure 2.19b,c shows global ocean time series for RSS, 
Version 2.2 GPCP through 2010 (Adler et al. 2003), 
and V1201 CMAP (Xie and Arkin 1997). All three 
datasets trended downward over 2010, but this has 
reversed in RSS and CMAP and they trended upward 
slightly in 2011. On a longer time scale, GPCP and 
CMAP have trended downward since 2006, while 
RSS has not.

A time-latitude section of precipitation over the 
oceans (Fig. 2.21) shows that the equatorial wet 
anomaly in early 2010 was replaced by a very strong 
dry anomaly in mid-2010, which persisted throughout 
2011. The anomaly map for 2011 (Plate 2.1i) shows a 
La Niña pattern with an expansive and intense dry 
anomaly over the central Pacific. The dry anomaly 
extends deep into the Southern Hemisphere along 
the South Pacific convergence zone. In the Northern 

FIG. 2.21. RSS ocean precipitation anomalies (mm; 
1992–2011 base period) by latitude. Gray areas indicate 
regions where data are unavailable.

FIG. 2.20. GHCN land precipitation anomalies (%, 
1961–90 base period) by latitude. Gray areas indicate 
regions where data are unavailable.


