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B.2 Ocean

Ocean warming dominates the increase in energy stored in the climate system, accounting 
for more than 90% of the energy accumulated between 1971 and 2010 (high confidence). 
It is virtually certain that the upper ocean (0−700 m) warmed from 1971 to 2010 (see Figure 
SPM.3), and it likely warmed between the 1870s and 1971. {3.2, Box 3.1}

• On a global scale, the ocean warming is largest near the surface, and the upper 75 m warmed by 0.11 [0.09 to 0.13] °C 
per decade over the period 1971 to 2010. Since AR4, instrumental biases in upper-ocean temperature records have been 
identified and reduced, enhancing  confidence in the assessment of change. {3.2}

• It is likely that the ocean warmed between 700 and 2000 m from 1957 to 2009. Sufficient observations are available for 
the period 1992 to 2005 for a global assessment of temperature change below 2000 m. There were likely no significant 
observed temperature trends between 2000 and 3000 m for this period. It is likely that the ocean warmed from 3000 m 
to the bottom for this period, with the largest warming observed in the Southern Ocean. {3.2}

• More than 60% of the net energy increase in the climate system is stored in the upper ocean (0–700 m) during the 
relatively well-sampled 40-year period from 1971 to 2010, and about 30% is stored in the ocean below 700 m. The 
increase in upper ocean heat content during this time period estimated from a linear trend is likely 17 [15 to 19] × 
1022 J 7 (see Figure SPM.3). {3.2, Box 3.1} 

• It is about as likely as not that ocean heat content from 0–700 m increased more slowly during 2003 to 2010 than during 
1993 to 2002 (see Figure SPM.3). Ocean heat uptake from 700–2000 m, where interannual variability is smaller, likely 
continued unabated from 1993 to 2009. {3.2, Box 9.2}

• It is very likely that regions of high salinity where evaporation dominates have become more saline, while regions of 
low salinity where precipitation dominates have become fresher since the 1950s. These regional trends in ocean salinity 
provide indirect evidence that evaporation and precipitation over the oceans have changed (medium confidence). {2.5, 
3.3, 3.5}

• There is no observational evidence of a trend in the Atlantic Meridional Overturning Circulation (AMOC), based on the 
decade-long record of the complete AMOC and longer records of individual AMOC components. {3.6} 

Figure SPM.2 |  Maps of observed precipitation change from 1901 to 2010 and from 1951 to 2010 (trends in annual accumulation calculated using the 
same criteria as in Figure SPM.1) from one data set. For further technical details see the Technical Summary Supplementary Material. {TS TFE.1, Figure 2; 
Figure 2.29} 
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in global precipitation discussed in AR4 are uncertain, owing in part 
to issues in data coverage in the early part of the 20th century (Wan 
et al., 2013).

In summary, confidence in precipitation change averaged over global 
land areas is low for the years prior to 1950 and medium afterwards 
because of insufficient data, particularly in the earlier part of the record. 
Available globally incomplete records show mixed and non-significant 
long-term trends in reported global mean changes. Further, when vir-
tually all the land area is filled in using a reconstruction method, the 
resulting time series shows less change in land-based precipitation 
since 1900.
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Figure 2.28 |  Annual precipitation anomalies averaged over land areas for four 
latitudinal bands and the globe from five global precipitation data sets relative to a 
1981–2000 climatology.

Table 2.9 |  Trend estimates and 90% confidence intervals (Box 2.2) for annual precipitation for each time series in Figure 2.28 over two common periods of record. 

Data Set Area
Trends in mm yr–1 per decade

1901–2008 1951–2008
CRU TS 3.10.01 (updated from Mitchell and Jones, 2005) Global 2.77 ± 1.46 –2.12 ± 3.52

GHCN V2 (updated through 2011; Vose et al., 1992) Global 2.08 ± 1.66 –2.77 ± 3.92

GPCC V6 (Becker et al., 2013) Global 1.48 ± 1.65 –1.54 ± 4.50

Smith et al. (2012) Global 1.01 ± 0.64 0.68 ± 2.07

2.5.1.2 Spatial Variability of Observed Trends

The latitude band plots in Figure 2.28 suggest that precipitation over 
tropical land areas (30°S to 30°N) has increased over the last decade 
reversing the drying trend that occurred from the mid-1970s to mid-
1990s. As a result the period 1951–2008 shows no significant overall 
trend in tropical land precipitation in any of the datasets (Table 2.10). 
Longer term trends (1901–2008) in the tropics, shown in Table 2.10, 
are also non-significant for each of the four data sets. The mid-latitudes 
of the NH (30°N to 60°N) show an overall increase in precipitation 
from 1901 to 2008 with statistically significant trends for each data 
set. For the shorter period (1951–2008) the trends are also positive 
but non-significant for three of the four data sets. For the high lat-
itudes of the NH (60°N to 90°N) where data completeness permits 
trend calculations solely for the 1951–2008 period, all datasets show 
increases but there is a wide range of magnitudes and the infilled 
Smith et al. series shows small and insignificant trends (Table 2.10). 
Fewer data from high latitude stations make these trends less certain 
and yield low confidence in resulting zonal band average estimates. 
In the mid-latitudes of the SH (60°S to 30°S) there is limited evidence 
of long-term increases with three data sets showing significant trends 
for the 1901–2008 period but GHCN having negative trends that are 
not significant. For the 1951–2008 period changes in SH mid-latitude 
precipitation are less certain, with one data set showing a significant 
trend towards drying, two showing non-significant drying trends and 
the final dataset suggesting increases in precipitation. All data sets 
show an abrupt decline in SH mid-latitude precipitation in the early 
2000s (Figure 2.28) consistent with enhanced drying that has very 
recently recovered. These results for latitudinal changes are broadly 
consistent with the global satellite observations for the 1979–2008 
period (Allan et al., 2010) and land-based gauge measurements for the 
1950–1999 period (Zhang et al., 2007a).

In AR4, maps of observed trends of annual precipitation for 1901–2005 
were calculated using GHCN interpolated to a 5° × 5° latitude/longi-
tude grid. Trends (in percent per decade) were calculated for each grid 
box and showed statistically significant changes, particularly increas-
es in eastern and northwestern North America, parts of Europe and 
Russia, southern South America and Australia, declines in the Sahel 
region of Africa, and a few scattered declines elsewhere. 

Figure 2.29 shows the spatial variability of long-term trends (1901–
2010) and more recent trends (1951–2010) over land in annual precip-
itation using the CRU, GHCN and GPCC data sets. The trends are com-
puted from land-only grid box time series using each native data set 
grid resolution. The patterns of these absolute trends (in mm yr–1 per 
decade) are broadly similar to the trends (in percent per decade)  relative 
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latitudinal bands and the globe from five global precipitation data sets relative to a 
1981–2000 climatology.
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		Historical	and	future	changes	in	BC	-	Winter	(DJF)		

Precipitation change relative to 1986-2005 

Historical 1900-2012 trend: 18.3% (not significant)    
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Changes	in	mean	precipita3on	
•  Overall assessment (regional and even global) is 

relatively uncertain due to the state of the data 
•  Nevertheless, coherent regional patterns of 

change are discernable at broad scales 
•  Several studies that indicate there has been 

human influence on the distribution of 
precipitation at very large scales 

•  Provides some basis for thinking there might also 
be discernable changes in extremes (since to 0th 
order, precipitation variability is proportional to the 
mean) 
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				Observed	changes	-	extremes	
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• Significant positive trends at 8.6% of stations (expect 2.5%) 
•  Significant negative trends at 2.0% of stations (consistent with 2.5%) 

• Using the GEV distribution  
•  Trends are significantly associated with warming at 10% of stations 
•  Estimate of mean sensitivity over land is ~7%/°C warming 

			Trends	in	annual	maximum	1-day	precipita3on	
8376	sta3ons	with	>	30	yrs	data,	median	length	53	years	

Westra et al (2013, Fig. 5) 
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Changes	in	extremes	
•  IPCC says: 

–  Frequency [of heavy precipitation] has likely increased in 
more land regions than where it has decreased.  

–  Confidence varies regionally, [heavy precipitation] very 
likely has intensified in North America. 

•  Trends in individual records difficult to discern 
(detected in annual extremes of daily precipitation 
amounts at about 1-in-10 stations) 

•  Trends are at best estimated with large uncertainty 
•  Nevertheless, evidence broadly indicates that 

“stationarity” is dead 
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Sta3s3cal	challenges	
•  Univariate EVT is well developed and can 

accommodate non-stationarity (given adequate 
process knowledge to identify appropriate 
covariates) 

•  But, station records are 
–  Limited in length 
–  Difficult to homogenize 
–  Sparse relative to their spatial representativeness 
–  All of the above, only much more so, for sub-daily  

•  Leads to 
–  Uncertain local return-level / return-period estimates 
–  Very uncertain estimates (if any at all) of impact of non-

stationarity 
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Spa3al	EVT		
•  Methods that take spatial dependence into 

account are rapidly developing 
•  Where the observing network is sufficiently 

dense, they have the potential to  
–  Reduce uncertainty in return-level / return-period 

estimates, and possibly 
–  Provide observationally constrained estimates of the 

effects of nonstationarity 
•  Some software is available, but still hard to use 
•  One avenue of statistical research is to find 

efficient ways to circumvent the direct modelling 
of pairwise dependence. 
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				Are	climate	models	the	solu3on?	
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Are	climate	models	the	way	forward?	
•  Changes in the extremes of daily precipitation 

that are predicted to have occurred over the past 
50-60 years are detected in obs at a global scale 

•  But changes are not expected to be reliably 
detectable in individual station records 
–  Low signal-to-noise ratio, short observational record 
–  Mismatch between the scale that is simulated and that 

which is observed 
–  Considerable climate model limitations 

•  Climate models that simulate local-scale 
processes explicitly are in development, but the 
cost will be prohibitive, possibly for decades 



15 

	Is	there	an	alterna3ve?	

Photo: F. Zwiers 



16 

If	not	climate	models,	then	what?	
•  Finding the climate model that is best at a given 

location, and using its projections at that location 
to scale idf curves is not likely to be robust 

–  Even assuming that the representation of processes 
responsible for local-scale extreme precipitation is not 
a concern, if non-stationarity is only discernable with 
probability 1/10th at any one location, how do we 
reliably decide on the model that is locally best? 

–  And even if we can identify the model that is locally 
best, what about its performance everywhere else? 
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Rather	than	direct	model	applica3on	…	

•  Continue to develop spatial EVT 

•  Improve operational practice in its application 
–  We can do better than fitting the Gumbel distribution by 

the method of moments at individual locations and for 
individual accumulation periods 

•  Identify the findings from climate models that are 
robust, and use them to scale return-level 
estimates 
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What	do	we	know	robustly?	

Photo: F. Zwiers 
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What	is	robust?	
•  Clausious-Clayperon predicts ~7% increase in 

the saturation vapour pressure of water per °C 
warming 
–  This theoretically predicted increase in water vapour is 

observed and is simulated by climate models 
–  Mean precipitation increases more slowly (observed 

and modelled, reasons are understood) 
–  Daily precipitation extremes are observed to increase 

at about the C-C rate when considering “global” data 
–  Global climate models simulate similar increases 

ubiquitously over mid-latitude land areas 
–  Experimental very high resolution models that 

represent local scale processes explicitly seem to 
confirm this finding 
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		Model	assessment	and	projec3ons	

Photo: F. Zwiers 
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Mean daily precipitation in the MIROC4h  
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For some evaluation of CMIP5 models wrt precipitation extremes see  
•  for indices, Sillmann et al (2013, JGR), 
•  for long-period return values, Kharin et al (2013, Climatic Change) 
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	CMIP5	RCP4.5	precipita3on	projec3ons	

% 

Change in 20-yr extremes relative to 1986-2005 

Kharin et al (2013, Fig. 4) 
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	CMIP5	Projec3ons	of	20-yr	1-day	events	

Event magnitude 
(relative to 1986-2006) 

Return period 
(relative to 1986-2006) 

Kharin et al (2013, Fig. 2) 
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	CMIP5	precipita3on	sensi3vity	

Planetary 
sensitivity of  

20-year extremes 

Sensitivity of  
global mean  
precipitation 

Kharin et al (2013, Fig. 5) 


