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Motivation esa
The Hydrological Cycle
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Method esa

. Use a number of metrics to estimate  aocean b Drylands
WVRT, ranging in complexity. This study
uses long established turnover time (TUT)

Probability
Probability
o]
»
s
|

method:
Days Days
Reservoir TCWV x Area ¢ Humid forests d Croplands
TUT = = B P
flux p‘reClpltatwn X Area % ;-.:
" kgm~2day—lm Days |
e Clouds f Rain

= days

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

Probability
Probability

Adapted from Gimeno et al., 2021
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Datasets esa
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Datasets esa
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Data Record PDFs
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Data Record PDFs
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Data Record PDFs
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TUT: Annual time series Eesa

Median Annual Turnover Time Calculated from Ensembles for
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TUT: Annual time series Eesa

Median Annual Turnover Time Calculated from Ensembles for
¢ Global Ice Free Oceans betwenn +60°
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TUT: Annual time series Eesa

Median Annual Turnover Time Calculated from Ensembles for
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TUT: Annual time series Eesa

Median Annual Turnover Time Calculated from Ensembles for
Global Ice Free Oceans betwenn +60°
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TUT: Annual time series
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TUT: Annual time series
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TUT: Annual time series Eesa

AMIP vs Satellite Obs Reanalysis vs Satellite Obs AMIP vs Reanalysis
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TUT: Annual time series Eesa

AMIP vs Reanalysis

AMIP vs Satellite Obs Reanalysis vs Satellite Obs
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T: Annual time series esa
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Convective Regions
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Convective Regions

Ascending
air masses &
Descending &
air masses
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Convective Regions
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Ensemble Anomalies/Trends esa

. Global Median Ob ti | and AMIP E bl
. Trend analysis uses approach from G-VAP O et lee Froa Ocoans batwenn <60 o

which uses a level shift regression model
(Weatherhead et al. 1998, Mieruch et al.
2014).

=
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. Fits 4 frequencies (asymmetric fitting of the <¥
annual cycle) and ENSO strength g

simultaneously.
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Ensemble Anomalies/Trends

. Trend analysis uses approach from G-VAP
which uses a level shift regression model
(Weatherhead et al. 1998, Mieruch et al.
2014).

intercept trend

Time index

. Fits 4 frequencies (asymmetric fitting of the
annual cycle) and ENSO strength
simultaneously.
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Trend in Ensemble Median
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(hours-l,-/tjjc-ercade) -0.8£1.75 | -0.4+1.02 | 2.15+1.6
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Global Median Observational and AMIP Ensembles
over Ice Free Oceans betwenn £60°
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Ensemble Anomalies/Trends

. ti | AMIP E le Medi
. Trend analysis uses approach from G-VAP O e i

Time Series Trends (1988-2014)

which uses a level shift regression model — oe]
(Weatherhead et al. 1998, Mieruch et al. 2% o
2014): , F3 %
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Future Challenge

. Biases in TCWYV and precip relative to Atmospheric moisture pathways
one-another can be significant when o ¢ 1‘svatosp23;-:nrg§o5pher1
thought of in terms of transport (TUT). advect'onandm'xmg T
Small differences in TUT can be equivalent D Ceraes |
to significant forcing, e.g. 7.5hrs ~ CO2x2. \» Onspiryagion’. St N ol

Shallow i v ontigortal Recycling & Clouds

- Greater constraint of moisture pathways ‘ 1 .
and the representation of TCWV and Yda l‘ il
precip in models are intrinsinctly linked. e, %nsatzrm: o ? 7

. Consistent climate quality data sets
needed, especially when we look
backwards.

. Development of new datasets — stable
water vapour isotopologues can give
information on air parcel history. Adopted from Galewski et al. (2016)
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Future Challenge

. Biases in TCWYV and precip relative to
one-another can be significant when
thought of in terms of transport (TUT).
Small differences in TUT can be equivalent
to significant forcing, e.g. 7.5hrs ~ CO2x2.

. Greater constraint of moisture pathways
and the representation of TCWV and
precip in models are intrinsinctly linked.

. Consistent climate quality data sets
needed, especially when we look
backwards.

. Development of new datasets — stable
water vapour isotopologues can give
information on air parcel history.
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Water vapour pairs {H20, &} can provide information on evaporation,
condensation, and precipitation.

Initial Later

precipitation precipitation
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Continent
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87H = 0%o
(Figure taken from Xi, X., 2014.)
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Summary esa

- Analysis of TUT in AMIP records between 1988-2014 show median differences of between 2.5-7.5 hrs
relative to satellite observations (global ice free oceans).

. These differences occur from biases relating to moisture pathways/transport, with TUT especially sensitive to
precipitation.

. These differences have greater complexity a regional scales.

. Known issues around convective precipitation still present in AMIP models, which is suggestive that
convective mixing between lower & mid- troposphere could be driving some of this behaviour.

. AMIP ensemble median trends in TUT show a general slowing of the hydrological cycle, which is not
observed in the satellite or reanalysis records

. Internationally there is a lot of work on producing and analysing climate quality long term satellite records
(e.g. GEWEX, ESA CCI) — key activities

. New efforts around stable water vapour Isotopolgues from both satellite observations and models will help to
constrain uncertainty in atmospheric pathways.
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