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Motivation

Source: Figure SPM.1 IPCC AR6 Synthesis Report

Committed 

warming 

estimate: 2.3°C 

(1.3 to 10.3 °C)         



⚫ WVRT changes due to future warming scenarios from CMIP6 from an ensemble of 19 models.

⚫ Results show a slowing of hydrological cycle by ~0.5 days relative to 1988-2014 median under 

Paris agreement (ΔT< 2K). Further slowing under higher emission scenarios.   
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Motivation

Trent et al. in preparation
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Motivation

IPCC AR6 (2021)

changes in WVRT → changes in atmospheric moisture pathways → changes in global precipitation patterns
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The Hydrological Cycle
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The Hydrological Cycle

⚫ WVRT is a key diagnostic for hydrological sensitivity: 

i) estimations of moisture sources and sinks

ii) process changes (dynamic/thermodynamic)

⚫ However, we can not directly observe WVRT



t.trent@leicester.ac.uk                @timtrent.bsky.social  

• This study uses long established 
turnover time (TUT) method to estimate 
WVRT: 

• WVRT estimates also vary (e.g. 4-5, 8-
10 days), this is due to substantial 
spatial variability, whether the mean or 
median is used,  and how these regions 
are sampled for the calculation.

• Expected changes to TCWV and 
precipitation (ice-free ocean) due to 
warming (CC) alter TUT of water vapour 
by roughly 8-12 hours/K (0.3-0.5d/K).

𝐓𝐔𝐓 =
𝑻𝑪𝑾𝑽 × 𝑨𝒓𝒆𝒂

𝒑𝒓𝒆𝒄𝒊𝒑𝒊𝒕𝒂𝒕𝒊𝒐𝒏 × 𝑨𝒓𝒆𝒂
= 𝒅𝒂𝒚𝒔

Adapted from Gimeno et al., 2021

Estimating WVRT
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WVRT estimates for 1988-2014  

• Estimates for global ice-free ocean (±60° latitude)

• PDFS characterised as skewed distributions with long tails

• Inclusion of ‘drizzle’ (noise threshold on obs) impacts the tail 

length and add noise.

• Results in differences in TUT estimates 

Trent et al. in preparation
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WVRT estimates for 1988-2014  

• Estimates for global ice-free ocean (±60° latitude)

Without ‘drizzle’

With ‘drizzle’

• PDFS characterised as skewed distributions with long tails

• Inclusion of ‘drizzle’ (noise threshold on obs) impacts the tail 

length and add noise.

• Results in differences in TUT estimates 

Trent et al. in preparation
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WVRT estimates for 1988-2014  

• Estimates for global ice-free ocean (±60° latitude)

• All (non-drizzle) TUTs within 

0.3 days ~8hrs, increases to 

1.1 days when drizzle is 

included

• No impact on mode, but 

impacts mode and mean 

TUT values. Median more 

robust (expected)   

Trent et al. in preparation
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WVRT estimates for 1988-2014  

• Estimates for global ice-free ocean (±60° latitude)

• Can get the same TUT values for 

different conditions

• Reanalysis has broader precipitation 

range, lower variability in TCWV

• AMIP/CMIP models wetter atmospheres, 

lower precipitation seen in observations

Trent et al. in preparation
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PDRMIP Results (AR5)

• Illustrate changes 

to TUT from 

individual climate 

drivers

• fast = rapid 

adjustments to an 

external forcing + 

radiative impacts 

before change in 

global & annual 

mean  ΔTs.

• slow = total-fast
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PDRMIP Results (AR5)

• Illustrate changes 

to TUT from 

individual climate 

drivers

• fast = rapid 

adjustments to an 

external forcing + 

radiative impacts 

before change in 

global & annual 

mean  ΔTs.

• slow = total-fast

Estimate 
from CC



t.trent@leicester.ac.uk                @timtrent.bsky.social  

PDRMIP Results (AR5)

• Illustrate changes 

to TUT from 

individual climate 

drivers

• fast = rapid 

adjustments to an 

external forcing + 

radiative impacts 

before change in 

global & annual 

mean  ΔTs.

• slow = total-fast

Uncertainty range 
between ensemble 
estimates
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PDRMIP Results (AR5)

• Illustrate changes 

to TUT from 

individual climate 

drivers

• fast = rapid 

adjustments to an 

external forcing + 

radiative impacts 

before change in 

global & annual 

mean  ΔTs.

• slow = total-fast

⚫ Changes in 

precipitation a 

lot more 

dominant for 

fast responses



t.trent@leicester.ac.uk                @timtrent.bsky.social  

• Satellite observations of stable water Isotopologues can 

provide global information on the moisture pathways or 

add an additional constraint. 

• IR – mid-tropospheric sensitivity

• SWIR – column-averages with boundary layer 

sensitivity 

• Water Isotopologues are given in δ (‰) notation:

• Water vapour pairs {H2O, δ} can provide information on 

evaporation, condensation, and precipitation.

𝜹 =
𝑹𝒔𝒂𝒕𝒆𝒍𝒍𝒊𝒕𝒆

𝑹𝒔
− 𝟏 ∙ 𝟏𝟎𝟎𝟎‰

𝑹𝒔 =

ൗ𝑯𝑫𝑶
𝑯𝟐𝑶𝑽𝑺𝑴𝑶𝑾

= 𝟑. 𝟏𝟏 × 𝟏𝟎−𝟒

൘𝑯𝟐𝑶
𝟏𝟖

𝑯𝟐𝑶𝑽𝑺𝑴𝑶𝑾
= 𝟐. 𝟎𝟎𝟓𝟐 × 𝟏𝟎−𝟑

Water isotopologues 
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Water isotopologues 
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Water isotopologues 

Mixing (no phase changes) causes 

distribution above the “Rayleigh line”.
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Water isotopologues 

Microphysical processes (convection, 

clouds) causes distributions below the 

“Rayleigh line” (“Super-Rayleigh”).
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Key takeaway:

The highest 
improvements of 
about 35-45% are 
derived when S5P δD
and q  are assimilated 
together with MUSICA 
IASI δD and q

Water isotopologues: DA experiments 
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Summary

• WVRT will increase under climate change, slowing the fast mode 

of the hydrological cycle, impacting global precipitation 

distributions.

• Current uncertainty between observations, reanalysis and climate 

models can be up to 1.1 days, signals we want to detect under 

Paris agreement are within the noise.

• Challenge: Reduce uncertainty in WVRT. 

• (one) Recommendation to ESA: To continue to support the 

development of satellite stable water vapour isotopologue 
products.



Thank you for listening
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