What water vapor back-trajectory analysis
can tell us about climate variability
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Of the Heat That s in the World

Where vital heat is, there is movement of vapour ... heat’
a[ways draws to itsel] cfam]o Vapours and thick mists as
opaque clouds, which it raises ﬁom seas as well as lakes and.
Tivers and cfamy vaﬂéys

Heat and moisture cannot exist with cold and c[?ness; and_

Where the ﬁrst Jaom’on stops the rest settle ... thick and dark
clouds are formec[. ’Iﬁey are qﬁ@n Wqﬁw[ about and borne 6%
~the winds ﬁom one region to another, where By their cfensitl_
ftﬁey become so ﬁecwy that tﬁey fa[f in thick rain.

’\ Q{ the heat (f the sun is added... the clouds are drawn up.
) ”j_a i ek igﬁer still and ﬁncf a greater afegree @C cold, in which tﬁe%
R iy ’ ’ P
o S form ice and faﬁ in storms @C hail. P
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Quasi-Isentropic Back Trajectories

* The idea for the technique is borrowed from air pollution
meteorology (cf., Merrill et al. 1986 Mon. Wea. Rev.).

 Water vapor is treated as a passive tracer between the time of
evaporation from the surface and the time of condensation/
precipitation.

* The key to the technique is treatment of the endpoints.

— Traces begin at precipitation events, go backwards in time.

— Each trace generates a PDF of evaporative sources; these are aggregated
over many traces for each grid point, pentad.

— Further aggregation can be performed in space or time to estimate
sources for regions, months, seasons, etc.
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QIBT Methodology Frrrrrre e
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* Lagrangian “parcels’ are T
used to estimate moisture

transport a posteriori. -

e Many parcels are launched

at random humidity-
weighted altitudes at

times of precipitation.

e 3-D atmospheric reanalysis
data are used to trace

pa rcels baCkwa rd In time. Dirmeyer & Brubaker, 1999: J Geophys. Res. Dirmeyer & Kinter, 2010: /. Hydrometeor.
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Frecipitation

. . . Brubaker et al., 2001: J Hydrometeor. Dirmeyer et al., 2011: J. Hydrometeor.
o
Eva pO rative contri b ution Reale et al. 2001: Geophys. Res. Lett. Wei et al., 2012: /. Geophys. Res.
d u ri ng eac h tl me ste p iS Sudradjat et al., 2003: /. Geophys. Res. Bagley et al. 2012: Env. Res. Lett.
. Turato et al. 2004: J Hydrometeor. Wei et al., 2013: J Hydrometeor.
Propo rtional to ET/ PW. Dirmeyer & Brubaker, 2006: Geophys. Res. Lett. Dirmeyer et al., 2014: J. Hydrometeor:
Dirmeyer & Brubaker, 2007: J. Hydrometeor. Wei et al. 2016: Geophys. Res. Lett.
Dirmeyer & Kinter, 2009: EOS Trans. AGU. Hoyos et al. 2016: Climate Dyn.
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Early Work

* Alink between moisture from the Caribbean Sea and the flooding over the

Great Plains during 1993 was estab
* QOver the years, this work has

been updated (originally using

NCAP/NCAR reanalysis data,

later NCEP/DOE and most

recently MERRA, each anchored

by observed precipitation

ished in early work.
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analyses).

* Extended to global coverage,
new applications relating to
water cycle, circulation

D
July 1993

g

anomalies, etc.

o Ccariblgeaon Source =

Upper Mississippi Precipitation Anomaly
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Units are the percentage of total water mass falling

M a ya E X p re S S over the box — the global integral equals 100%.

-' N % o k} r *
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* The MJJ climatology of evaporative Wettest
moisture sources supplying the rainfall 10% |
over the red box (NCEP/DOE-based:; A

center) shows oceanic sources of moisture
from the Atlantic (Gulf of Mexico and
Caribbean), Pacific and land sources.

0.5

0.2

] ] MJJ Mean
* Anomalies composited for the wettest and  (1979-2007)

driest 10% of months show the fraction of
from within the box (i.e., the recycling

0.1

—0.02

—0.01

. . . 0.001
ratio), is below average in both extremes. \/
* Floods show a strong source from regions  priest
to the south, especially the western Gulf 10% |
of Mexico.
* Droughts show below-average fractions of _
moisture coming from ocean sources. T T TR e B e A
5 Dirmeyer & Kinter, 2010: J. Hydrometeor., doi: 10.1175/2010JHM1196.1.
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Caribbean Source

o <
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* The correlation between MJJ - B

precipitation anomalies within
the Midwest box and the
Caribbean source of moisture
(region defined in lower map)
shows that much of the Eastern
U.S. east of 97°W has a strong
link between tropical moisture R E_=
and rainfall. This appears to be =N
associated with either an

enhanced or displaced
subtropical ridge over the North

—99.9% —99% —95% —90%

Atlantic.
Dirmeyer & Kinter, 2010: J. Hydrometeor., doi: 10.1175/2010JHM1196.1.
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Tracking Moisture to Floods

 Moisture Supp|y|ng the Evaporative Sources for rain falling
. from 18Z 09 Oct to 18Z 14 Oct 2000
Piedmont floods of 2000 }g%
were tracked to North ]
Atlantic sources, including i ST

45N 1 + |
water vapor carried by TS g

35N -

Leslie from the East Coast of sGes’

25N 1 ‘ WAl

gt ——ji88 lo7 oct ,

w

the US. w7 TDERT T
* Floods are particularly linked iv"(‘"\ v B e i
to advection of moisture ?:tolw:rec;;o:lto_ﬁzo:=s::.e i SESGR WEE,
otal Evaporation=871.2 mm M=19.5 % NEA=41.6 %

L=13.9 % AFR=3.2 %

from distant locations.

Turato et al. 2004: J Hydrometeor. //
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Evaporation, Transport, and Floods

. . E ti ist tributi b) Evap. and wind d on Calif. ip.
° REIaUOnShIp between a) . vapora ve moisture contribution ) va‘p and win reqres.;e. on g| ‘pr?c;pms_‘
California precipitation and ‘: : “ e ‘i lane
its moisture supply from 3 e .
evaporation during winter T LN Pt
. R . :' - “. 'l -1 =
(November—April) Stoning o B0
tippling = 95% of evaporation 3 » T R -
1985_2015. o * ) <;y"
I i i — —— — ] mm da
0.001 0.005 0.01 0.03 0.05 0.1 0.15 S e T —

* Ocean evaporation rates

correlate with floods better ©__Precip. regressed onjevap. over ocean d) _Gaif: precip. and moisture contribution 1o
than with drought. :gﬁv'tl‘(“(‘:t*mf‘ﬁ?‘tf‘tfﬁz): oo
* The intensity of low-level Nef [ -
wind is both the driver of Lo 1A -
evaporation changes and %\ (NS . : B
transport (e.g., atmospheric " —— — " msw ; e vem oo s oo aons.
r|Ve I‘S). -1 -08-06-04-02 0 02 04 06 08 1
Wei et al. 2016: Geophys. Res. Lett., doi: 10.1002/2016GL069386 | / i
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Chinese Rainfall Variability — Bay of Bengal

(a) corr(p,s)

(b) sqrt[ave(s/p)]
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* Evaporative
source for rain in
the Chang Jiang
Basin (rectangle,
right) Apr-Sep
1979-2010.

 Left panel shows correlation between Chang Jiang precipitation
and surface evaporative source at each location.

e Although most moisture comes from evaporation over southern

and central China, interannual variability correlates with
moisture from western China and the Bay of Bengal.

Wei et al. 2012: J. Geophys. Res., doi: 10.1029/2011JD016902.
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25-Year Trend

Trends in recycling ratio (%/yr)
reflect:
 Milder Canadian winters,

weaker baroclinicity in
summer.

 The earlier onset of spring
over high latitudes of Canada,
Alaska, N. Europe.

e Possible later onset of
autumn over some locations.

Trend in the recycling ratio (during 1979-2003) scaled to a common reference area of 10°km?.
Trends significant at the 98% confidence limit (Cox-Stewart test) are shown in shades of red
(positive) and blue (negative), 93% in yellow (positive) and green (negative).
Dirmeyer & Brubaker, 2006: Geophys. Res. Lett. z
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Source of Trend

Red: Transport dominant

Blue: ET dominant

* At higher latitudes,
trends are driven by
weakening of circulation
(ET small anyway).

* Mid-latitudes are
dominated by ET trends,

but circulation changes

: tt Difference in the explained variance (%) from [the temporal correlation
exist 10O0. . . . R
of seasonal mean moisture transport with recycling ratio] minus [the

correlation of total surface evapotranspiration with recyclin/gjatio].

‘ Center for ON
‘Ocean—mnd-/\tmosph
St
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Dirmeyer & Brubaker, 2006: Geophys. Res. Lett.
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Global Sources of Precipitating Water

e Seasonal estimates of

the fraction of
precipitation coming
from land evaporation.

e Maritime influence

(blue) where flow is
onshore.

e Western NA, southern
SA are the most oceanic. |-

e Central Asia, West Africa
are most continental.

* Most locations have
pronounced annual cycles.

0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

Dirmeyer et al. 2014: J. Hydrometeor., doi: 10.1175/JHM-D-13-053.1. ~ |
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Distance Travelled

* The mean distance
between the source
of evaporation and
where it falls over
land.

* Shortest distances
are usually in the
humid subtropics.

* Interior deserts have
the longest paths.

500 1000 2000 4000 km

Dirmeyer et al. 2014: J. Hydrometeor., doi: 10.1175/JHM-D-13-053.1. //
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Monsoon Sources

e Terrestrial (color) and ocean
(grey) contributions to

precipitation in monsoon
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Summary

* Oceanic moisture sources are linked to precipitation over land,
particularly floods, but not always as strongly as many believe.

* Monsoons are not uniformly supplied by oceanic moisture
sources —only the relatively weak North American and
Australian monsoon systems are strongly driven by oceanic
moisture sources.

* QIBT has found other applications — estimating recycling,

water vapor transport distances, even climate change
detection.
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