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Stable Water Isotopes and Hydrologic Cycle

« SWI have integrated records of phase
changes during its transport.

(‘Light’ Water)
Easy to evaporate 4
HZO (‘Heavy’ Water)
E /\ Easy to condense
H,180 HDO
0.20% 0.016%

“Fractionation” causes large
heterogeneity in time and <+
space.




|Isotopes are useful...

* To interpret past and current isotopic
information in precipitation, ice cores,
corals, stalagmite, etc., in various
spatial/temporal scales.

* To inversely detect an erroneous
hydrologic process in the model and/or
evaluate the model in an integrated
manner.




|Isotopes are hot these days

due to new remote sensing technoloc
N

TES/Aura: mid troposphere vapor HDO  SCIAMACHY/Envisat:
(Worden et al., 2007, Nature) surface vapor HDO

i

(Frankenberg et al., 2009, Science)
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|Isotope-incorporated AGCM

* Pioneered by Joussaume et al. (1984)
. Communlty effort by SWING

BOURNE BRISTOL

SWING-2 @PURDUE Qnsl:o AWI & EﬁP

O Kick-off in 17-19 November in 1AEA HQ;
chaired by C. Sturm, K. Yoshimura & D.
Noone.

[0 More isotopic AGCMs (at least 9) and 2
isotopic RCMs.

[0 Add nudging experiments to focus on only
Isotopic parameterizations and on more
realistic reconstruction of isotopic variations.

[0 More focused on hydrologic cycle than
climatology




Spectral Nudging + Isotope GSM

— Poor man’s data assimilation for isotopes —

http://meteora.ucsd.edu/~kyoshimura/lsoGSM1
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>Nudging

~Forecast

~/

Use large scale (>1000km) winds to constrain dynamical
field, so that the isotopic field is also constrained and

reproduced in daily to inter-annual time scales.

Yoshimura and Kanamitsu, 2008; Yoshimura et al., 2008



Nudging dramatically improved the isotope simulation
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High pressure at Morocco; AEJ (Cook 1999) initiated - Shades: vapor dD

ITCZ moves northward - Enriched vapor brought from equator. Contours: GPH[m]
6 @500hPa
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shades: dD, vector ic wind
ver

16km 190
20[}_\\\\\"&H & e

800 -

150_\\\\“&& A i

kﬂj‘jiiijii AN Q‘\‘\\

\ SN N A a
300-3\\\ :E)epleted\va@r\ ;

400 - ..
500-&}‘;’\& -
500'\'\ x“:a:i: Lo

!

!

4 ;3‘
R ,L_b J

Yoshimura, prep

mer|d wmd anom—dD, 96—08, 275 75W DJF

A

e..--t—-—'c--*affj v - F \\\\\\\:\\

VAN

4rd

g

Km1000 = s
0 /ON 60N 5DN

(From M ]

Ilza%%\l 10N 10S 20S

=100 =70 =50 —-40 =30 -20 -10 -5

vert.&merid.wind, anom

16km100 AR

100 == « « v v« ~x N NNy

2001 ==« s SNNNA

30[}-h&“~«=ﬁfﬁ RN

4001 =N
5004 =

L5

6001 r % %
L = =

LY

r
8003:2.&;%“:2:}

8km

Okmroog, o™ 60N 50N
(From MSL —

B sSimilar subsidence,
- but different source!!

D’ oy UU’ /_u‘ L_J‘ T \._Jl'l" UU.I’\

-

vIrr

205

—100 =70 —50 —40 -30 -20 —10 -5




Model Simulates Individual Storms
For the Past 30 Years

* The most enriched isotopic events are associated with
southwesterly flow tapping into a “heavy” vapor pool

F - 3 =

Most enriched storms “1'| Most depleted storms [~
458 —1

&'%0 water vapor

—6-4-2 2 4 6

Berkelhammer et al., submitted
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20t century Reanalysis

(Compo et al., 2010)
Ensemble Mean 5 : d SLP spre 1[ Dﬁ@)%ber J-l:ghl.BZEEJ d Z500 s m] 1918120100

Using only
surface pressure
data historically
recorded since

1870’s

Ensemble
Kalman Filter for Ve ey
?;éama:rilgne”r?tlon Whitaker et al. (2009)

162L28 GFS with
NOAH LSM

Reanalysis skill is comparable to current Day-3
forecast skill (Whitaker et al., 2009)




First task:
Comparison with IsoGSM-R2 run

« All of 20""C Reanalysis spectral and
surface data (ensemble mean) were
copied to ECPC.

» Convert the spectral data into usable
format. (NCEP GFS>ECPC GSM)

* Run IsoGSM with spectral nudging as
same as Yoshimura et al. (2008).



500hPa Height global mean&rms
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10m V-wind global mean&rms
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precipitation global mean&rms
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TPW global mean&rms

pwatclm, IsoGSM AVE
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6180 in Precip global mean&rms
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6180 in TPW global mean&rms
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Other Recent Updat

« CVS version available

= Define “ISOTOPE” when you install.
 Tracer mode available

=» Define “NOFRAC” when you install.
* River routing with isotopes

=>» Define “RIV1” or “RIV05” when you mst’all
* |SORSM (voshimura et al,, 2010) @vailable also in CVS
« Offline ocean circulation model with ocean modelers

AU WOJ[eI' I:mm:l 12227MAR2005 ' surface d180

River Network by CAMa
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Thank you!

Any comment/question:
kelyoshiO8@gmail.com



Monthly anomalies of precipitation isotopes
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AO is a key for NH isotopes

Model AO index, 3—mon running mean
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Yoshimura et al., prep
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Implying that fractionation in convective cloud in the model was

too strong ?? =» Further investigation needed.




Yoshimura et al., prep

SCIA Obs

AnnAve 0D, [% ] (Top SCIA 20, Bot:lsoGSMs1, N>= 10

4o T S R P _% \h‘f
N y ¥
30N N\ .

L

1

208 - A ‘ S
‘ » B
10N . .
EQ ) : - I ot o
105 1
205
sos4 1
405 ,_‘

180 120W 60W

Control

= 1 ]
—220 -210 -200 -180 -180 —1|70 —1j60 —1‘50 —-140 -130 -120 -110 —220 -210 -200 —1|90 —1|30 —1|7D —1160 —1‘50 —1|40 -130 -120 -110
AnnAve D|ff in 6Dc|,,, [%] IsoGSMs1—(SCIA 20) (N>=10) AnnAve D|ff in ciDcl,,1 [%] IsoGSMSZ (SCIA 20) (N>=10)

Sim-TES




Changing equilibrium fraction for
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Collocated model vs FTS

-100

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

-150

-200

-250

-300

[ Should be careful for measurements’ “clear sky bias”. }

-350 | |
- O - IsoGSMclim —&—Bremen_FTS —/— IsoGSM
- O - IsoGSMclim —o—Kiruna_FTS —/—IsoGSM
- O - IsoGSMclim —&— NyAlesund_FTS —A—IsoGSM
- O - IsoGSMclim —&—Izana_FTS —/—IsoGSM




1)

H. O VMR [%]

1
0

H, O VMR ]

o[

H.G VMR %]

s

PWW [mm]

.. .
f
; -
[ S, s T B
4 s R
» = ,:" b
e Sl [
T
o . " 8 F
.
F

18497

1998

1868 000

2001

2002 2003

2004

2005

2006

2007

2008

- Red: IsoGSM

@Kiruna/Sweden

Black: FTIR 0 50 100

altitude [km]

altitude [km]

-'“J rraa s a4

ﬂ | L IFI LI L
0 50 100

R [%] for raw data

Red: Free run
Black: Nudged run

Schneider et al. (2010)



H, 0 VMR [ppm]

Limitation of ISOAGCM
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Simulation accuracy is not good for upper air...



Future direction/strategy

 |sotopes need to be standard output of climate
projections for ARG!!
— Incorporate the isotopes into NICAM

— Expand to biogeochemical processes
* |ISOMATSIRO needs to be revisited.
 Tree ring d'80, CO, d'80, 3C, °N

— Couple with coast, ocean, sea ice models
* Prognostic simulation for paleo isotopes.

« Data assimilation
« Longer historical simulations (20C)
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