Met Office

Hadley Centre

N —

Surface hydrology

Eleanor Blythe (CEH)

Soil moisture & temperature
Nic Gedney (Met Office)

JULES Science Meeting, 07-08 January 2008

© Crown copyright Met Office



o
~

Met Office

Hadley Centre

Overview of JULES current formulation

» Surface Hydrology
» Soil Hydrology
» Soil Hydraulic Parameters

» Soil thermodynamics

Current Limitations and Health Warnings

Recent Developments

Future Developments

© Crown copyright Met Office



= JULES TILE SCHEME

o~  Separate Surface Fluxes and Surface Layers for
Met Office eaga Surface Type

Hadley Centre
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e Grid box mean soil:
Parameters, T & M
* 4 soil layers

« Same layer depths for T & M

© Crown copyright Met Office

JULES SCHEMATIC
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Surface Hydrology

Partitioning of precipitation into:
Met Offi
ey Curiee interception, throughfall, runoff and infiltration

Consider large - scale and convective rainfall and condensation

. a ; M Canopy e S B '
over each tile.  Rantal [ gEORY ion ) || Sublimation ~ snowial
— C .

»>

Local water fall rate R. distribution :

" Soil Evaporation

“a N+ Transjpiraﬂon S

f(RL):%exp(_TgRLj e e,
R= gridbox mean { _Thréi@hfaﬂ ) ( .Snc.)-\:\;ﬁ’elt. )
¢ = fraction of gridbox -
R. falls onto a canopy with tile mean water storage C. " Runer
Local canopy water increases up to a maximum Cm. hnﬂg%%'c;‘NEE soi
Integrating gives the tile canopy throughfall:
TF = ﬁ 1—i eXp — icm + Rg Da‘rcﬁah' \
m RAt Cnm ~Flow -

CH =C®+(R-Tk)At
Local surface runoff where Tr + Showmelt > surface infiltration rate.
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Soil Hydrology

Met Office

Water fluxes given by Darcy's equation :

oM G‘P(éb)
ot
M= Az,aN(éb + 6})
@ = volumetric soil moisture content
K = hydraulic conductivity
YV =soil water suction

+1}

Change in water content in a layer:
oM
ot
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Evaporation dependence on

il soll moisture

Loam soil: Cosby Parameters

Vegetation :soil moisture stress in each layer :

Gh - Bn
=—— where@v<6 <6 0< <1
P " B

[

1
juiod Bunjipn
uonelini}es

Canopy conductance is dependent on

root weighted stress : ge oc 3

Hyd. Conductivity K (mm/day)
[ ]

2 .0 {l:1 IZI:E IZI.I._":- I].I=1-
Soil : conductance, gsi :i ﬂ Volumetric moisture content O,
’ 100 &
1 D00 I
Soil hydraulic fluxes highly non - linear : sl : .
0 2B+3 I : ]
K= Ksat(éj (Clapp - Hornberger/Cosby params) E ®or -
> I ]
= E, T, etc dependent on soil properties I5 m:_ : E
B ]
> 2 (I
R |
a 1 1 . ] ]
0.a o1 0.z 0.3 o4
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Effect of different soil property datasets on
moisture stress: Northern mid latitudes

Met Office .
- Region=[-180, 30, 180, 60]. Level= 3 -

Clapp Hornberger/Cosby : Gat, Ksat, yat, B

Van Genuchtzep : Gat, Ksat, o, M, G — correct_cosby.pp
&—4A igbp_vg.pp

03 - Gu

& - Ow 5

Critical point
P ~,

1.0

0.5

Wilting point\A

0.0 _

Imtiaz Dharssi (2007)
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Met Office

« Surface runoff if locally:

throughfall + snowmelt>surface
infiltration rate (Ksa ).

» Deep runoff: free drainage ( k().

 JULES: deep runoff>>surface
runoff

due to use of gridbox mean soil
moisture & properties
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Annual mean runoff/precip % Error
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Soil Thermodynamics

Discretised heat diffusion equation :

CaAZn aTr = Gn.—l‘— Gn — JnAzn

ot
diffusive flux:G = /15ﬂ advectiveflux:J = CWWE

0z 0z
Apparent vol heat capacity :Ca= Fn(&4,&,T)
Thermal CondUCtiVity ‘As = {ﬂsat — ﬂdry}&i + Adry (Farouki, 1981)

at

Asat, Adry are functions of minerals, air, water and ice A.

c} 1.bm temperature for djf 2] 1.2m temperature for jja
AGBXT: Control minus Legates and Wilmot AGEXT: Contrel m.inulg Legates ang[l Wilmot

Araa—weighted rma diff — 4.71 Araa—weighted rme i = 204
-12 - —4 1) 4 B 12 —13 —H —d i 4 8 18
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Fig. 3 1 Maximum unfozen soil maoisture asa [taction of satura-
tien, b effective heat capadty and e thermal conductivity versus soil
tempera ture [or the three seil textures used in MOSES: fine (contine-
ous fine), medium (dashed line) and coarse (dor-dash line).



< Current Limitations and

M’et*‘om Health Warnings

Hadley Centre

Gridbox mean soil moisture and temperature

— Runoff errors

Parameter uncertainty

Soil moisture # observations

— spinup required (> Syears??)

Soil layer thickness
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Recent Developments
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Including sub-grid scale soll
wetorme  INOIStUre heterogeneity

* PDM 3-day average streamflow for the

» PDF of soil moisture Ain Catchment (Rhone Basin)

storage capacity (Moore,

19895) -
00 1

« TOPMODEL
100 -

« PDF of topographic

index; Baseflow (Bevin & _ St
Kirkby, 1979) «‘a’E’ 00
* Issues §1DD'

Uy T

« Estimating parameter
values 200

« Appropriate scales 100 -

T

ho=:= '_-:;. g J.n‘ﬂ'l'l "' . r?rll - llu'_._=
SEF ".:IET MOW DEGC  JAH FEE HAE AP MAY LN JLIL
1887 15BH
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Rivers in South America on TRIP in 1°x1°mesh

River Routing

Met Office

« TRIP
* Global 1° resolution

e Grid2Grid:

260" 270" 280" 290" 300° 310° 320"
[Version 970522 by Taikan Oki]

Ll
[ U K 1 k eSOI t O OBSERVATIONS and ROUTED and UNROUTED RMWER DISCHARGE
mr ution

AMAZON — Obidos [304.5E, —1.8M]

esp[ TT T T TTTTTTTTTTTTTTTTTT

« Europe 20km resolution

River discharge 10{(x3)m3/s

el v v v g

FMAMJIJASOND I FMAMIIL ASOND
1887 1988

e GRDZ Obs. —_— Routed IGBFP
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<7~ Future Developments

Met Office

Hadley Centre

* Irrigation
 Groundwater

« Dams
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- Vol soil moisture at wilting point
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Vol scil moisture at wilting peint
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Vol soil moisture at critical point
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Vol soil moisture at critical point
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== Vol soll moisture ot soturation

QoW ] a0E 180
UM Cosby uncerrected: soil_oncil_vector.txt
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Yol sall moisture at soturation
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Yal soll moisture at saturation
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p— Saturated Conductivity
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Soturated Conductivity (mm/day)
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Conductivity at critical peint {mm/doy)
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Impact of Improved Large-scale Hydrology on
Simulation of Annual mean Runoff/Precipitation

ME Lhce
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