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! The global water cycle is the 
transport of freshwater through 
the spheres of the climate
! Ocean acts as conduit for

~80% of freshwater
transport in the water
cycle

! Direct rainfall and 
evaporation 
measurements are 
scarce, especially over the 
ocean

! However, water cycle change 
leaves an imprint on ocean salinity
! Net surface evaporation (E) 

leaves a saline ocean behind
! Net precipitation (P) creates 

a fresh region of ocean
! Water cycle change leaves 

behind a signature on both 
sea surface salinity (SSS) 
and in the ocean interior

→ Thus, surface P-E fluxes (hatched line plots, from ERA5) closely align 
with observed ocean salinity tendencies (contour plots, from EN4 and 
Cheng et al., 2020):

→ However, these observed tendencies are different from a suite of 20 
CMIP6 historical models: 

→ In Eulerian space, salinity tendencies can be heterogeneous and 
difficult to interpret. 

→ Instead, we track ocean salinity trends in watermass space.

2. Ocean salinity trends

3. Tracking T-S changes
! In this work, we track changes to the ocean’s global average T-S 

curve from 1970 to 2014 in observations and 20 CMIP6 models. 

4. T-S changes since 1970
! T-S curve changes since 1970 are quite different in observations and CMIP6 

models

In the 2% warmest ocean by volume:
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Using observations of ocean salinity, we find a poleward freshwater transport of 
46 – 77 ×1012 m3 since 1970.

Trenberth et al.: 2007
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For instance, we ask: How much
has the ocean salinified in the x%
warmest ocean by volume?

Normalising ocean volume by
temperature ensures long-term
ocean warming doesn’t shift our T-S
curve

To account for differences in ocean warming (which result in spurious T-S 
changes), we track changes to mean salinity on temperature-percentile 
surfaces
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5. Freshwater content changes since 1970

In the 6% warmest ocean by volume:

6. CMIP6 freshening bias

CMIP6 
freshening 
bias

Observations imply the water cycle has amplified by up to 7% 
since 1970 (higher than previous estimates).
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! Using DAMIP historical runs, we trace the CMIP6 bias to weaker than 
expected water cycle amplification.


