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* More intense water cycle increases transport of water to land

« But moisture export also enhanced in season of strongest drying

« Wet season wetter by ~4%/°C, drying season ~3%/°C more intense
- Amplified seasonal range in P-E (>20% by 2100 over northern land)
« Similar patterns of present trends/future projection (e.g. Wainwright et al. 2022 GRL)?

- ...but models fail to capture pattern of warming effects (e.g. Andrews et al. 2022 JGR)?

* Uncertain response over land (e.g. Allan et al. (2020) NYAS)
* Do models underestimate continental drying? Allan et al. 2022 JGR, Dunn et al. 2017 ESD
* |s terrestrial water storage declining? Will 2016 deficit be repeated in 20247

« Can observations provide emergent constraint on P-E amplification?
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« ENSO variability captured

* Discrepancy in simulated changes in
1980s (ERAS5/HadlSDH and AMIPG6)

 e.g. Dunn et al. 2017 ESD; Byrne &
O’Gorman (2018) PNAS

* Unrealistic drop in ERAS column water
vapour early 1990s (tropical ocean):

* e.g. Allan et al. 2020 NYAS

~ +Divergence between AIRS/ERA5
~ HadCRUH/HadISDH/ERAS ~ upper troposphere trends in 2000s

et AM'PW (esp. 400-700 hPa tropical oceans)

HadISDH/HadCRUT/ERAS5 |

Allan et al. 2022 JGR 13
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Can current water cycle changes ) mena: ciobal 1988-2014

constrain future projections?
- Douville et al. (2022) Comm. Earth & Env. water £
vapour observations constrain future projections < &g
~ 7% per °C increase in column moisture %
GTPW constraint on GTPW P |
IIN'I_,. ............................................................... § 800
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o Surface:, (A, Wb | fuuia)
2 0 1 2 B, 4
1 Water vapour trend (%/decade)
o . o » But observed warming/moistening smaller
g |y ), than CMIP6 (e.g. Allan et al. 2022 JGR)

G T, S SO PR . due to warming pattern (internal variability?)
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Oceans, Seas, & Bays (97%)

Precipitation minus Evaporation (P-E)

* Net supply of Freshwater (land) e oo an i
» Surface salinity and circulation (ocean) Surface fresh et (2%
- Balanced by moisture transport (atmosphere) & runoff (surface) e
» P-E maximum: wet season/months, precipitation driven — I reeh groundwaer
» P-E minimum: lack of precip, high evaporation, drying ground bt
. . . . . Wetland
« diagnostic of dry period onset intensity Abmoschets
. Artificial reservoirs
e relevance to flash droughts e.g. Black (2023) Adv. Atmos. Sci. reiabi
IVers
Biological water
METHOD: e

« annual grid-point mean P-E and 3-month or 1-month annual max & min
« GPCP/ERAS5 (1983-2019); ERAS, ERAS moisture divergence (1960-2020)
« 17 CMIP6 models historical/ssp2-4.5 (1950-2014-2100); amip (1979-2014) 5
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Thermodynamic amplification of P-E
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« Thermodynamic amplification of seasonal P-E with warming
* Changes over land across models less coherent (right)
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Emerging signals

» Emerging signals of more
Intense dry seasons over
eastern Brazil, southern
Africa and Australia
(opposite in Sahel)

Wainwright et al. (2022) GRL -
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Conclusions  (f) Lond ﬂw

- Amplification of P-E signal over ocean well understood  “]
* P-E changes over land not well understood ol

» Seasonal amplification of P-E patterns?
* Wet season P > E; Dry season (onset) E>P -
e Intensification of wet season (+4.2 - +4.4 mm/day global land) -10-05 00 05 1.0

* More intense dry season onset over northern continents but not '“gﬂ(i} i'*‘E’”'j_i‘(p'_a )
apparent over tropics?

e See also IPCC (2021) TS Box 8.2; Chapter 8, Section 8.2 e

* Emerging regional signals of hydrological change? of—H
e.g. Wainwright et al. (2022) GRL

» Changing atmospheric circulation crucial but low confidence
e.g. IPCC (2021) Fig. 8.21 -90
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