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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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we have
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GSWP and GLACE - /international initiatives for
land-atmosphere 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 60N
GLASS/GEWEX/WCRP which explored the
global distribution of land-atmosphere 30N
coupling (i.e., Hot spots) and the soil-
moisture memory impact on seasonal .

predictabilities.
— Koster et al., 2006, 2010 on |




Geology of Mankind: “Anthropocene”

+ Human activities became the major drivers of global environmental
changes

+ Real global water cycles are not natural anymore!
: Human activities have altered water flows and storages significantly
during the past century through irrigation, damming, groundwater
extraction, ...
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Representation of Interdecadal Climate Variability
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Better representation of precipitation
anomaly with Atmosphere + Ocean +
Soil Moisture + Vegetation Interaction

Annual rainfall anomaly (mm/year)
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Representation of Anthropogenic Impact

1. Simulate both water availability

Rivers in Asia on TRIP in 1°x1° mesh
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452 reservoirs, 4140 km3

(streamflow)
and water use at daily-basis

2. Deal with interaction between natural

hydrological cycle and anthropogenic
activities

3. Applicable for future climate change

simulation

Reservoir Operation Model
(H=" a1 w:. 2006) ’

Crop Growth Model

/
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Withdrawal Model s
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Environmental Flow Model /

(Shirakawa et al_, 2005)

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 Hl

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
(Hanasakietal., 2006)

Crgp Growth Model : /
(Kiysanovaetal ,2000) 2724 9

Land Surface Model
(Manabe, 1969)

drawal Model
nasaki etal., 2006)

\

River Model
{Ckiet al., 1999)

Environmental Flow Model
(Shirakawa etal., 2005)

v' Land surface hydrology scheme
is a simple Bucket Model

v Vegetation : accounted

+— Snow Free

——. Water table dynamics
rwmamas o (Yoh and Eltahir 2005)

Pumping scheme
Koirala et al.

Deep soil layer 30 m

(b)

implicitly

v Further, new irrigation scheme for MATSIRO LSM is developed

v Water table dynamics and a newly developed pumping scheme

Pokhrel Kim et al, 2072




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-human models in the AGCM.

T2m, GSWP2, July 30 - August 13

R R + Sub-seasonal forecast skill for near surface air
* temperature (Day16-30) was improved by using
o - realistic land initializations in the fully coupled
. {L ¥ AGCM with surface-groundwater-human models.
SR B ANN 350 0,500 0.700 0-900 1.000 HIGW-MAT - Pokhrel et al, JHM, 2011

T2m, HUMAN-EXP, Realistic Soil Moisture IC.
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Representation of Anthropogenic Impact
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Anthropogenic influence on natural
water cycles is better reflected with
additional model components
reproducing human-induced
alterations, which lead the improved
simulation of river discharge by the
models.
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- Residual
IPCC-AR4 This study Other studies

Pokhrel, et al.,, Nature Geoscience, 2012

Estimated terrestrial water storage
changes (1961-2003) indicate the
largest contribution of the
unsustainable groundwater use to
net sea-level change.



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

CaMa-FIood (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)
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Yamazaki, Kim et al 20117



T-CHOIR

Tightly Coupling framework for Hydrology of
Open water Interactions in River—lake network

[Tokuda, Kim, Yamazaki, and Oki, GMD, 2021]



Global river water temperature model

River routing model, CaMa-Flood [Yamazaki et
al., 2011; 2013]

* Land area is divided into unit-catchments
e Calculate discharge [Bates et al., 2010]

* Represent floodplain inundation

* |nput data: runoff [Kim et al. 2009]

Heat budget
* Advective heat/ice transport
e Local (vertical) energy budget

* heat fluxes, runoff
* Mass & energy budget of water & ice Ri
* Input data | |
y M9t90r0|0glca| forcmg data inflow | | ¥

* Runoff temperature calculated by LSM
[Takata et al., 2003]

0

[Tokuda, Kim et al., 2019]

PSR RSN
' 5’"‘ R
QLR

_.g

IR

[Yamazaki, Kim et al., 2011]

Meteorological Il:orcing [Kim, 2017]

Short wave
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Long wave
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Land Surface Model [Takata et al., 2003]



River-lake network

Example (Lake Biwa & Yodo River basin)
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.

6 arcmin.

355

35.0 A

B ocean land lake
Bl catchment boudary [ main channel sub channel
136.0 Bl outlet

* Validated with reported upstream area of reservoirs (Correlation = .9992)
* Grid boundary matches with lake outlet
=> easy to couple with reservoir operation model

34.5




Riverine energy transport [Tokuda, Kim et al., in rev]

Thermal discharge [W]
= Heat capacity [J/kg°C] X Density [kg/m3] X Discharge [m3/s] X Temperature
[°C]

15 -10 -5 0 5 10 15 [TW] 0.00 0.01 0.05 0.20 1.00 5.00 20.00 [TW]

Meridional pattern is different from that of the ocean
* 60°N: Arctic Rivers from South to North
e 25°N: Ganges-Brahmaputra-Meghna and Mekong rivers
* Equator: Amazon River



Riverine energy transport [Tokuda, Kim et al., in rev]

Temperature difference between river and coastal waters at mouths
Arctic Ocean [TW]
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* Part of the energy reaches to Arctic Ocean
e Scatter: heat budget of coastal waters (~200km)
* horizontal: net contribution of rivers =T. dif. X Discharge
» vertical: vertical heat budget in SODA3-JRAS55 [Carton et al.,12318]



Temperature Rise Due to TPP Cooling: Tep-T. pp
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+ Temp. increases due to TPP cooling
travels to downstream area.

+ Such impacts are piled up within river
basin networs.
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Integrated Framework for “Adaptive Pathways”

— Integrated Assessment Model

Population Governance ——\\ -
L Socioeconomic >
Economy Urbanization »
Development a
Agriculture Equality ‘
Technology Energy &
Development Water Land Use
Management
Renewable v
Energy ‘ Emissions
Wildfire
1 Earth System Model
Climate
Change
SUSTAINABLE Jﬁ mpactModel
DEVELOPMENT Climate &
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Off-line Framework for Large-scale Land Simulation

Preci

‘Atmospheric Reanalysis

Observations

Evaluation / Benchmarking System for
Model Simulations and Input Data




Simulation Uncertainty — model vs input data —
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Kim, 2010

Uncertainty in simulated evapotranspiration and runoff intfroduced by
different land surface schemes in GSWP2 are larger than precipitation
uncertainty-induced uncertainty by 28% and 40% in the similarity index

(Q) globally.



GSWP3 Forcing Data V1

Observations
GPCC, CRU, SRB, FLUXNET
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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)

280 290 300 310

G10c 19in[S



ORCHIDEE-MICT (v8.4.1), a land surface model for the high
latitudes: model description and validation

Matthieu Guimberteau'-", Dan Zhu'-", Fabienne Maignan', Ye Huang', Chao Yue', Sarah Dantec-Nédélec!,
Catherine Ottlé!, Albert Jornet-Puig', Ana Bastos', Pierre Laurent!, Daniel Goll', Simon Bowring', Jinfeng Chang?,
Bertrand Guenet!, Marwa Tifafi', Shushi Peng3, Gerhard Krinner?, Agnes Ducharne’, Fuxing Wangﬁ, Tao Wang7’8,
Xuhui Wang'?, Yilong Wang', Zun Yin', Ronny Lauerwald'®!!!, Emilie Joetzjer'-'?, Chunjing Qiu’,

Hyungjun Kim'3, and Philippe Ciais'

Yukon (Pilot sta.) MacKenzie (Arc. Red Riv.) Volga (Volgograd power plant) Ob (Salekhard)
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ORCHIDEE-MICT (v8.4.1), a land surface model for the high
latitudes: model description and validation
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ILAMB: Infernational Land Model Benchmark

A tool for model development and assessment

providing quick and comprehensive comparison 2 7 2 G
against growing set of observationsand metrics « ¢ & % &
* C-cycle (8): Above ground 3 3 3 3 3 3
° . B'
live biomass, burned areaq, surned Ares
COQ, GPP, LA, g|ob0| net Gross Primary Productivity
Leaf Area Index
eCOSYSTem carbon b(]l(]ﬂce, Global Net Ecosystem Carbon Balance
NEE, ER, soil carbon M o F e
Soll Carb
* W_Cyc|e (6) ET, LE, S, R, Evapotraﬁl'.-'.pja\rngg_
. . Latent Heat
evd porgh\/e frCICTIOﬂ, TWSA Terrestrial Water Storage Anomaly [ I
Albed
* E_Cycle (6) C”bedo, SWUp, Surface Upward SW Radla:oﬁ
Surtace Net SW Radiation
SWH@T, LWUp, I_WﬂeT, RﬂeT Surtace Upward LW Hadlatlon_
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

Inteqrat.es 25 variables in 4 B O
cateqgories from ~60 datasets 0 02505075 1 -2 -1 40 +1 +2

Variable Score Variable Z-score







