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Global surface moisture content, as shown by q, 
has been gradually increasing since the early 1970s, 
consistent with increasing global temperatures (Fig. 
2.12). Trends are similar for both the land and oceans 
but with apparent peaks during strong El Niño events 
(1982/83, 1997/98). Since 1998 q over land has flat-
tened somewhat but 2010 shows an increase from 
2009. Although there is some spread across the data-
sets, there is good general agreement—less so for the 
reanalysis-generated ocean q. 

Globally, specific humidity for 2010 (Plate 2.1f) 
strongly resembles a La Niña pattern, and is broadly 
consistent with that of precipitation (Plate 2.1g) and 
total column water vapor (Plate 2.1e). There are dry 
anomalies over the eastern tropical Pacific and moist 
anomalies over the western tropical Pacific.

ERA-Interim and HadCRUH-ext show a slight 
decline in global land RH from 1998 to present (Sim-

mons et al. 2010), also shown in MERRA, consistent 
with a steady q and coincident rising temperature 
over this period. However, 2010 appears to be a 
more humid year on average. Prior to 1982, Dai and 
HadCRUH show positive RH anomalies over oceans. 
While Willett et al. (2008) speculate non-climatic 
causes, more recent investigation by Berry (2009) 
appears to implicate the North Atlantic Oscillation 
(NAO). RH in the reanalyses oceans is inconclusive.

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 2010 (Plate 2.1e) includes data both 
from the Advanced Microwave Scanning Radiometer 
EOS (AMSR-E; over the oceans; Wentz 1997; Wentz 
et al. 2007) and from a subset of the ground-based 
GPS stations with continuous data from 1997 through 
2010 (J. Wang et al. 2007). This subset was chosen so 
that a meaningful anomaly estimate could be calcu-
lated—many more stations would be available if this 

Fig. 2.12. global average surface humidity annual 
anomalies. For the in situ datasets 2 m surface humid-
ity is used over land and ~10 m over the oceans. For 
the reanalysis datasets, 2 m humidity is used over the 
whole globe. the specific humidity (q) and relative hu-
midity (RH) are shown for land and ocean separately. 
HadcRUH, HadcRUHext, and eRa (HadcRUH 
match) use the 1974–2003 base period. Dai uses the 
1976–2003 base period. NocS 2.0 uses the 1971–2010 
base period. the combined eRa-40 (1973–88) and 
eRa-interim (1989–2010) use the 1989–2009 base pe-
riod. all other reanalysis datasets use the 1989–2008 
base period. all datasets are adjusted to have a mean 
of zero over the common period 1989–2001 to allow 
direct comparison. Differences in data ingestion and 
sea ice cover between reanalysis datasets, and in spatial 
coverage between reanalysis and in situ data, should be 
taken into account. For example, slight differences are 
shown between eRa spatially matched to the sampling 
of HadcRUH (see ‘in situ land’ panel) compared to 
the full spatial coverage time series (see ‘Reanalyses 
land’ panel).

Fig. 2.13. change in total column water vapor anoma-
lies from Jan–Jun 2010 to Jul–Dec 2010. (a) measure-
ments from amSR-e and ground-based gPS stations. 
(b) measurements from coSmic, calculated using cli-
matological data from SSm/i and amSR-e over ocean 
and using climatological data from ground-based gPS 
over land.



S42 | JUNE 2011

requirement were relaxed since the size of the network 
is increasing rapidly with time. There is general agree-
ment between the AMSR-E and ground-based GPS 
measurements at locations where overlaps occur with 
differences typically less than 0.5 mm. In the Pacific 
Ocean there is a large “C”-shaped dry anomaly, while 
in the oceans surrounding northern Australia, there 
is a very strong wet anomaly. Both features are associ-
ated with the onset of a moderate-to-strong La Niña 
event during the latter half of 2010. The onset of La 
Niña is depicted more clearly by plotting the TCWV 
difference between the July–December and January–
June averages for 2010 (Fig. 2.13). The changes in 
TCWV from early to late 2010 measured by three dif-
ferent measurement systems [AMSR-E (ocean), GPS 
(land) and the Constellation Observing System for 
Meteorology, Ionosphere and Climate (COSMIC; land 
and ocean; Anthes et al. 2008; Ho et al. 2010] show 

the dramatic drying of the tropical 
Pacific as the climate system shifted 
to moderate-to-strong La Niña con-
ditions by fall 2010.

The combined Special Sensor 
Microwave Imager (SSM/I) AM-
SR-E TCWV, from the world ’s 
ice-free oceans, shows dramatic 
maxima in 1987/88, 1997/98, and 
2009/10, associated with El Niño 
events (Fig. 2.14). Minima are ap-
parent in Northern Hemisphere 
winters during the La Niña events 
of 1988/89, 1992/93 (also influenced 
by the eruption of Mount Pinatubo), 
1999/2000, 2007/08, and late 2010. 
GPS data, only available since 1997, 

show similar features (Fig. 2.14). An exact match be-
tween SSM/I and AMSR-E and GPS is not expected 
since the two measurement systems sample different 
regions of the globe. The COSMIC data are in good 
agreement with the GPS data, but are biased slightly 
low relative to the SSM/I and AMSR-E data. A Hov-
möller plot derived from SSM/I and AMSR-E (Fig. 
2.15) shows that the changes associated with El Niño/
La Niña are largest in the tropics. 

 
3) precipitation—P. Hennon, M. Kruk, K. Hilburn, X. yin, 

and A. Becker
Annual land precipitation anomalies (Fig. 2.16) 

were calculated from the Global Historical Climatol-
ogy Network Monthly Version 2 (GHCN; Peterson 
and Vose 1997), the Global Precipitation Climatology 
(GPCC; Schneider et al. 2008), and the Global Precipi-
tation Climatology Project Version 2.1 (GPCP; Adler 

et al. 2003) datasets, and were determined 
with respect to the 1961–90 mean using 
stations reporting a minimum of 25 years 
of data during the base period. The global 
anomaly for 2010 and percent change 
over time are shown using GHCN in 
Plate 2.1g and Fig. 2.17, respectively.

The year 2010 exhibited a large posi-
tive mean precipitation anomaly in 
GHCN and GPCC (no 2010 data is 
yet available for GPCP). The GHCN 
indicates the globally averaged annual 
precipitation over land was 1112.1 mm, 
or 50.4 mm above normal. According 
to GPCC, the anomaly was 938.5 mm or 
21.5 mm above normal. While both posi-
tive, the difference in magnitude between 

Fig. 2.14. anomaly time series of total column water vapor both from 
SSm/i, ground-based gPS, and coSmic (1997–2009 base period). the 
coSmic ocean anomalies are calculated relative to an SSm/i climatol-
ogy for 1997–2009. the coSmic land anomalies are calculated only at 
the locations of gPS ground stations, and are relative to a 1997–2009 
ground-based gPS climatology. the time series have been smoothed to 
remove variability on time scales shorter than six months.

Fig. 2.15. SSm/i and amSR-e measurements of monthly mean total 
column water vapor anomalies by latitude. the anomalies are rela-
tive to a base period of 1997–2009 smoothed in the time direction 
to remove variability on time scales shorter than four months. gray 
areas indicate regions where data are unavailable.
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