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Land, Predictability and Prediction

Land states (namely soil moisture, snow and vegetation)
can provide predictability in the window between
deterministic (weather) and climate (O-A) time scales.

The 2-4 week “subseasonal” range is a hot topic in
operational forecast centers now.
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GSWP and GLACE - international initiatives for
land-afmosphere interaction and model diagnosis —

January

_| Global Soil Wetness Project is a core
.| project of GLASS/GEWEX/WCRP
which was devised to provided a
surrogate ‘observed’, off-line

: simulated, land surface states which
: | are not routinely reported unlike

| ocean.

— Dirmeyer et al., 1998, 2006
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Land-atmosphere coupling strength (JJA), averaged across AGCMs

Global Land-Atmosphere Coupling
Experiment is another core project of
GLASS/GEWEX/WCRP which explored
the global distribution of land- 30N
atmosphere coupling (i.e., Hot spots)

and the soil-moisture memory impact =

on seasonal predictabilities.
— Koster et al., 2006, 2010 on |
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\ Globcl Soil Wetness Proiec‘r Phase 3 ’
Super-ensemble land reanalysis for GLASS
20 and 215" Century as inter-community service WERP @

World Climate Research Programme

WCRP + GEWEX
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to quantify the associated uncertainties and better constrain climate
change projections for earth system models in CMIPé.
Bart van den Hurk, Hyungjun Kim, Gerhard Krinner, Sonia Seneviratne, Chris Derksen, and Taikan OKi




Gaps to be Filled by LS3MIP

+ Map (uncertainty of) water
resources over the 20th century
(and beyond)

Kim (2010) showing that disparity
in simulated runoff from
uncertainty in ensemble
precipitation is much less than
model uncertainty :
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underestimate the significant

Gaps to be Filled by LS3MIP

+ Ability of climate models to capture observed rates of spring snow

Sncw Cover Extent

cover reductions

Brutel-Vuilmet et al. (2012);
Derksen and Brown (2012):
CMIP5 models

reductions in spring snow

cover extent observed
during the satellite era :

ESM-SnowMIP
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+ Linkage between snow-albedo feedback and 21st century warming

Feedback strength (FMAMI)
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Qu and Hall (2013): The
spread in snow albedo
feedback accounts for
much of the CMIPS5 spread
in the 21st cenfury warming
of Northern Hemisphere
land masses .
ESM-SnowMIP



Gaps to be Filled by LS3MIP

+ Soil moisture affecting the climate change signal

b Temperature change (Future-present) [K]

a
g ATemperature [K], JJA {2071-2100){1971-2000), MED, JJA

Seneviratne et al (2014): fplmmp e L —
GLACE-CMIP5 result A -~
showing effect of s RN :
prescribing 20th century 1 K : ' '
soil moisture climatology : D\ 2
LFMIP AN
n—?ﬁ =20 -15 -10 5 0 0 Tmean Tmax Tmax95
AlLatent heat flux [W/m2], JUA ATmean (B-A) =10%  ATmas (B-A)-23%  ATMaxse (B-A) - 27%

ATmean (AEF-A)=19%  ATmax (AEF-A)j=24% ATMaxDs (AEF-A)- 25%

_#& + (Seasonal) Predictability can
5 alterin a warmer climate

Del Sole et al (2014): Changes
in seasonal predictability as @
result of a trade-off between
more signal and more noise in
a warmer world :
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Experiment Structure of LS3MIP/CMIP6

— EEEE —ﬁ
Nucleus CMIP6 ScenarioMIP
1850| 1901 | 1980 | 2014 | 2100| 3908 yr tof.

Geosci. Model Dev. Discuss., doi:10.5194/gmd-2016-72, 2016
Manuscript under review for journal Geosci. Model Dev.
Published: 11 April 2016

(©) Author(s) 2016. CC-BY 3.0 License.

The Land Surface, Snow and Soil moisture Model Intercomparison Program (LS3MIP):

aims, set-up and expected outcome
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MIPs: Model Infercomparison Projects

Coupled Model Intercomparison Project (CMIP)

* CMIP is a project of the WGCM/WCRP.

* CMIP has coordinated climate model experiment since 1995.
* CMIP’s central goal is to advance scientific understanding of
the Earth system.

* CMIP model simulations have also been regularly assessed as
part of the IPCC Climate Assessments Reports and various
national assessments.

Simulations & Analysis

CMIP6 Endorsed MIP Experiments

Historical Simulations

DECK Experiments

Overview papers on the characterization Q)
N
"i'.-Q' of the CMIPG ensemble and MIP results "l-ﬁl

Eyring et al., GMD, 2016



CMIPé6: a More Continuous and
Distributed Organization

3. CMIP-Endorsed Model Intercomparison Projects (21 MIPs)

Eyring et al., GMD, 2016 CFMIP, DynVarMIP

GMMIP 2. Standardization, coordination,

PMIP .
Clouds/ HighResMIP

infrastructure, documentation

Circulation Regional

Paleo
phenomena

OMHR-EAEMIP /

RFMIP, DAMIP,
VWP Grarcering o@a.,”" 1.Common Experiments
orang 2\ Land/lce
DECK (entry card for CMIP)
nerchemmip Chemistry/ (D mpacts  CORDEX i. AMIP simulation (~1979-2014)
Aerosols | NS TS ii. Pre-industrial control simulation
iii. 1%/yr CO, increase
Carben . iv. Abrupt 4xCO, run
cyde
| ReEr CMIP6 Historical Simulation
landuse e, B (entry card for CMIP6)
Snee - v. Historical simulation using
s CMIP6 forcings (1850-2014)

DECK (Diagnosis, Evaluation, and Characterization of Klima)

& CMIP6 Historical Simulation to be run for each model configuration used in CMIP6-Endorsed MIPs



° 1984 Dickinson

1995 Bonan
1996 sellers et al.

1996 roley et al.
® 2003 sitch et al.

2003 Bonan et al.

2006 Hanasaki et al.
® 2008 Hanasaki et al.
2011 pokhrel et al.

1986 sellers et aI..
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Preliminary Results and Known Problems

+ Significant discrepancy of spatial distributions found between
models but no apparent changes or shifts in temporal variability
(Here, Evapoftranspiration in 20t Century)
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Representation of Anthropogenic Impact

1. Simulate both water availability
(streamfiow)
and water use at daily-basis

2. Deal with interaction between natural
Rniasy. AL hydrological cycle and anthropogenic
activities

3. Applicable for future climate change
simulation

Rivers in Asia on TRIP in 1°x1° mesh

Reservoir Operation Model

/ (Homsoani ci et 2006)

I BE5 2 1 1 Crop Growth Model .,n’ 17
70° 80° 90° 100° 110° 120° 130° 140° 150° (Krysanovaetal., 200y} ) ‘%‘ﬁ '("

. Reservoirs larger than 1000 MCM in The World .
f = : il
B W T 5 5 | _aRer ’ Land Surface Model
| irrigated
) 1 Withdrawal Model
_ | (Hanasaki« tal., 2006) = o . )
_\‘: I - ‘ ;5:.:, §
. I (Ok' o p- '?_‘ )
© 180 ! = ,!
Environmental Flow Model J

452 reservoirs, 4140 km3 (Shirakawa etal., 2005) b
Hanasaki et al., 2006, 2008



Representation of Anthropogenic Impact

« Land Surface Models (LSMs) are designed to be coupled with GCMs
— No Human Impacts (HI) representation

 Numerous Global Hydrological Models (GHMs) with HI
representation exist, but
— Mostly designed for offline simulations
— Simple ET parameterizations (energy balance not considered)
— Vegetation dynamics/Carbon cycles are not accounted.

Reservoir Operation Model
(Hanasaki etal., 2006)

Crgp Growth Model ) /
(Ksanovaetal ,2000) 474 9

(Manabe, 1969)

Wiphdrawal Model
(Hgnasaki et al., 2006)

K Environmental Flow Model

(Shirakawa et al., 2005)

River Model
(Okiet al., 1999)

Land Surface Model

v Land surface hydrology
scheme is a simple Bucket
Model

v’ Vegetation : accounted
implicitly

"~ Water table dynamics
~rwmaaea oin (Yeh gnd Eltahir, 2005)

Deep soil layer 30 m P U m ping Sc heme
Koirala et al.

(b)

v’ Further, new irrigation scheme for MATSIRO LSM is developed

v Water table dynamics and a newly developed pumping scheme

Pokhrel, Kim et al., 2012



A physically based description of floodplain
Inundation dynamics in a global river routing model

CaMa-Flood (Catchment-based Macro-scale Floodplain model)

- Distributed river routing model using River Network Map
- Input: LSM Runoff, Output: Water storage (Prognostic)
River discharge, Water level, Inundated area (Diagnosed)
- River and floodplain storage with sub-grid topographic parameters.
> Explicit representation of water stage in a single grid-box (25km size)

Yamazaki, Kim et al, 2011



Land-atmosphere Interaction in a Global Climate
Model in Association with Human Activities

+ Spread of near surface temperature (2m Tair) among ensemble
members becomes smaller by incorporating
surface water-groundwater-numan models in the AGCM.

T2m, GSWP2, July 30 - August 13

iR R O + Sub-seasonal forecast skill for near surface air
> a temperature (Day16-30) was improved by

— Y using realistic land inifializations in the fully

e DTN coupled AGCM with surface-groundwater-
E human models.
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Representation of Anthropogenic Impact

Volga (Russia) Missouri (US)
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Pokhrel, Kim et al., No anthropogenic influence .
J. Hydrometeor., 2012 *—=Considering anthropogenic Pokhrel, et al., Nature Geoscience,

influence 20] 2

Anthropogenic influence on natural  Estimated ferrestrial water
water cycles is better reflected with  storage changes (1961-2003)

additional model components indicate the largest contribution
reproducing human-induced of the unsustainable

alterations, which lead the groundwater use to net sea-
improved simulation of river level change.

discharge by the models.



Thail Flood 2011

Percent of area that is munc’re (Oc’rober 15,2011)

MODIS & AMSR-E Obs. Simulation HO8-CaMa Zoomed in images
Takeuchi, K. Oki, H. Kim, 2012, In Preperation



River Inundation Process in a Climate Model
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Hatono et al., in prep.
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+ Warm bias at high latitudes is slightly (~10%) alleviated.



Impact of Arctic Wetlands on Climate System

oo + Add a surface tank that
2000009 stores part of (1-a)
% 1500000 snowmelt surface runoff
+ Topography dependent
° ~ fime constant (t)
standard deviation B — _ -
of height [m] Nitta et al., submitted. St = St-1 = (Se-1/T + (1 = a)Rs)dt
2m temperature, JJA Climatology, agcm_run_ctl - jra55 2m temperature, JJA Climatology, agcm_runl - agcm_run_ctl

RA25 [K]

— . EmE|
i =

6 9 12 15 -5

+ Warm bias at high latitudes is considerably (up to ~30%) alleviated.



Off-line Framework for Large-scale Land Simulation

Land Surface Model River Model

Observations

Evaluation / Benchmarking System for
Model Simulations and Input Data




Similarity Index: Q
Very different /\/\/\/

Q . Index to measure the

similarity of individual time
series of ensemble members
[Koster et al., 2000]
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Simulation Uncertainty — model vs input data —
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Kim, 2010

Uncertainty in simulated evapotranspiration and runoff infroduced by
different land surface schemes in GSWP2 are larger than precipitation
uncertainty-induced uncertainty by 28% and 40% in the similarity index
(QQ) globally.
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* LDMF Daily Correctio
(Kim et al;, in prep.)
emble Correction * Parametric Monthly Correction LS3MIP
ura And Kanamitsu, 2013) (Watanabe et al., ForCing
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_____INcc___oswpz__Jprinceton JELSE____[WATCH __Gswes

Reference Ngo Duc et Dirmeyer et Sheffield et Kimetal., Weedon et Kimetal.,in
al., 2005 al., 2006 al., 2006 2009 al., 2011 prep.
Temporal 1948-2000 1982-1995  1948-2008 1979-2010 1901-2001 1851-2011
Coverage 53 years 14 years 61 years 32 years 101 years 161 years
Spa./Temp. 1 deg. 1 deg. 1 deg. 1 deg. Boiclcas 0.5 deg.
Resolution 6 hours 3 hours 3 hours 6 hours 3 or 6 hours 3 hours
Base NCEP/NCAR NCEP/NCAR NCEP/NCAR JRA25 ERA-40 20CRv2c
Reanalysis 1948 -now 1948 -now 1948-now 1948 —now 1957 -2002 1851 - 2011
162 / 6hr 162 / 6hr 162 / éhr 17106 / 6hr  TL159 / éhr 2 deg. / 6hr
Spa. Dis- Bi-linear Bi-linear Bi-linear, Bi-linear Bi-linear Dynamical
aggregation Bayesian Downscale
Temp. Dis-  N/A Variability — Variability — N/A Variability —~ Dynamical
aggregation lielgg@lels, fiitelnm ©1o5, from Obs.  Downscale
Bias Only Only Only Only Only Monthly
Correction monthly monthly monthly monthly monthly (Add/Ratio)
(Add/Ratio) (Add/Ratio) (Add/Ratio) (Add/Ratio) (Add/Ratio) & Daily

(Non-para.)




Spectral Nudging for Global
Dynamical Downscaling

Single member forecast

Monthly running mean
of a single member <F,>

Monthly running mean
of all members <F?or>

Corrected member

/ .
Lo *
E—

Yoshimura and Kanamitsu 2008 EMINEPL:t:- 200

Successfully generate high frequency signals
preserving low frequency background.

Effectively relieves ripple-like pattern (an artfifact
of 20CR due 1o high-res. topography mismatch)

‘ Time
Yoshimura and Kanamitsu 2013
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Data Quality Evaluation

+ Beta-version of Land Surface Forcing Data Ready

+ Being used as a standard off-line climate driver of GSWP3, ISIMIP2,

LS3MIP/LUMIP/CMIP6, and modeling groups.
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Preliminary Results and Known Problems

+ Relatively small bias of solar radiation

June, July & August (JJA) Mean Difference in Surface Solar Radiation (2000-2010)
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Preliminary Results and Known Problems
+ Spurious(2) frend at high latitude in early 20t Century

1.2 , , , : : 1.8

1.1} 11.7

1.0 L ﬁ\‘i'im.“- j ’ Fife
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0.7 r’
- ==RD¢
‘JW“ “
0.6 -
v
0.5 | ] -\ e
1900 1920 1940 1960 1980 2000
' |Mean  |1920-1960 |1901-1960 |1901-2010
20CR 1.56 -0.0003 0.0004 0.0011
GPCC 0.77 0.0064 0.0044 0.0023

CRU 0.86 0.0033 0.0015 0.0009



ILAMB: Infernational Land Model Benchmark

A tool for model development and assessment

providing quick and comprehensive comparison 2 2 2 3
against growing set of observations and metrics « ¢ 8 % &
: § § 3§ § ¢
* C-cycle (8): Above ground 2 3 3 3 2 3
° . B'
live biomass, burned areaq, Sumed Ares
COQ, GPP, LA, g|ob0| net Gross Primary Productivity
Leaf Area Index
eCOSYSTem carbon bQIOﬂce, Global Net Ecosystem Carbon Balance
NEE, ER, soil carbon et ot Fi
Soll Carb
* W-CYCle (6) ET, LE, S, R, Evapotrai:s.pls;ng:_
. . Latent Heat
evd porgh\/e fraction , TWSA Terrestrial Water Storage Anomaly [ I
Albed
* E_Cycle (6) albedo, SWUp, Surface Upward SW Ramagoﬁ
Surtace Net SW Radiation
SWHGT, LWUp, I_WﬂeT, RneT Surtace Upward LW Hamatmn_
surface Net LW Radiation
* Forcing (5) TQir, Surtace Net Radiation

Sensible Heat

precipitation, RH, SWdown, Surface Air Temperature
Precipitation
LWdOWﬂ Surface Downward SW Radiation

Surface Downward LW Radiation

Inteqrai.es 25 variables in 4 B O
cateaqories from ~60 datasets 0 02505075 1 2 -1 +0 +1 +2

Variable Score Variable Z-score
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MAY 16 - 19, 2017 | THE UNIVERSITY OF TOKYO,
TOKYO, JAPAN

ABOUT LOGISTICS REGISTRATION AND ABSTRACT SUBMISSION  VENUE  PROGRAM

Climate Extreme and Global Energy, Water, and Carbon Cycles:
Improving and Integrating Knowledge across Disciplines

@ Tokyo, Japan, 16-19 May 2017

Communities Exchange across:

LS3MIP/CMIP6, LUMIP/CMIP6, GSWP3/GEWEX, ESM-SnowMIP/CIiC,
ISIMIP/PIK, WFaS/IIASA, HO8/NIES, WWO/NASA, EORC/JAXA, DIAS,
ILAMB/ORNL, PALS/GEWEX, HAPPI

Scientific Committee:
Hyungjun Kim, Jacob Schewe, Gab Abramowitz, Michael Ek, Aaron Boone, Sonia
Seneviratne, Forrest Hoffman, James Famiglietti, Toshiyuki Nakaegawa and Taikan OKi

http://www.gewexevents.org/events/hesss4/ hesss4.tokyo@gmail.com



http://hydro.iis.u-tokyo.ac.jp/~hjkim/FLOOD.IISOC2012/app/
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