it [ B AL R St

The Terrestrial Modeling System
(TMS)

=HZ\ %K/J\/’ﬁ\' A\ :i :
Tt 5 B BA

LB ME R

\k})

KA




IR SN
. B

b
. RS
.




HR:

o FERIRA AR S TR b

o FEEFE RS (E, IR KO0
RIS U5 T o

o MMBAR G EIAEFE SR HERR, =
[ 1 o e A

— [t T 2R A 00

— Fili T LR

o Fili TS B AUE BE A BOK I =




a3

o« NRIEB) G IR 2 g0 HAE

» H A R IR EAR R S
o MEHLER R G




Models of Everything
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Example lists of the soil dataset used by ESMs or climate models

ESMs and their LSMs Input soil data Soil datasets and resolution

3CESM and CCSM (all versions); 1) Soil texture (%sand, clay); 1) Global Soil Data Task [2000][5'x 5'];
CLM [Oleson et al., 2010; Lawrence 2) Soil organic matter (SOM); 2) Global Soil Data Task [2000], SOM
et al., 2010] 3) Soil color class [1° x1° ];

3) Soil color class dataset derived
from MODIS [Lawrence and Chase,

2007]
MPI-ESM; 1) Volumetric heat capacity 1) FAO soil map (five soil types);
[Hagemann et al., 1999; and thermal diffusivity are 2) Patterson [1990]: 0.5° x0.5° : O
Hagemann, 2002] prescribed for soil types; 3) Only related to the distribution of
2) Field capacity ecosystem types in the Global Land

3) Plant-available soil water Cover Characteristics Database
holding capacity and wilting dataset.

point
®HadGEMZ2 [Collins et al., 2011] and Soil texture classes Wilson and Henderson-Sellers [1984]:
JULES/MOSES [Cox et al., 1999] 1° x1° global soil-texture classes.
GFDL ESM soil texture type Soil type [Zobler,1986];Available
[http://www.gfdl.noaa.gov/ water capacities [Dunne and
GFDL LSM [LM3, version 3] Willmott, 1996] .
GISS GCM ModelE Soil thermal conductivity is  1° x 1° Zébler world soil data file
[http://www.giss.nasa.gov/tools/ calculated as a function of (Zébler 1986), soil horizon thicknesses
modelE/]; water content using the and textures
GISS-LSM [Rosenzweig and method of De Vries (1966).  (particle size distributions) at a 1° x 1°

Abramopoulos,1997] resolution (Webb et al. 1991, 1993)




Status of soil dataset in land surface models

Land model

Soil Dataset

BATS (Dickinson et al., 1986; 1996)

1° x 1° global soil classes data of Wilson
and Henderson-Sellers (1984)

SiB (Sellers et al., 1986; 1996)

1° x 1° global soil-type SMW grouped by
Zobler (1986)

VIC (Liang et al., 1994; Nijssen et al.,
2001)

5 x 5-arc minutes SMW with WISE pedon
database.

NOAH (Chen and Dudhia, 2001)

Global soil-textural classes map from
STATSGO (30-arc sec) (USA) and SMW (5-
arc min) (outside USA)

CLM (Dai et al., 2003; Oleson et al.,
2010)

1° x 1° global IGBP-SOIL dataset (Global
Soil Data Task 2000)

JULES/MOSES (Cox et al., 1999; Blyth
et al., 2006)

1° x 1° global soil classes data of Wilson
and Henderson-Sellers (1984)

GLDAS (Rodell et al., 2004)

5 x 5-arc minutes global soils dataset of
Reynolds et al. (2000).




A IR
A China soil characteristics dataset for land

modeling
(http://globalchange.bnu.edu.cn/research/soil)
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Existing Soil Datasets

Table 1. Geographic distribution of soil profiles in WISE database

Region Number of profiles
WISE-1 WISE-2
Africa 1799 3998
Australia and Pacific Islands 122 147
China, India, Indonesia & Philippines 553 628
Europe 492 1204
North America 266 326
South America and the Caribbean 599 2115
South west and Northern Asia (incl. Siberia) 522 1113
Total 4353 9607

Source: Batjes NH 2002. Revised soil parameter estimates for the soil types of the world.
Soil Use and Management 18, 232-235.

Soil parameters are derived by fewer than 60 soil profiles over China
(mainland). 60 profiles are too few to adequately represent the heterogeneity
of China soil.

(See the documentation: FAO/IIASA/ISRIC/ISSCAS/IRC, 2009. Harmonized
World Soil Database (version 1.1). FAO, Rome, Italy and IIASA, Laxenburg,
Austria.)



China Soil Dataset

9000 soil profiles vs [E——

60 in FAO soil ﬁ‘ﬁﬁ?“ﬁiﬂm

ﬁll’ it

dataset

Soil profile attribute
datasets were
collected and
digitized from
different literatures, @  1F © 11 % Y -
national and county E& i | 1 A" }3!' - E L

soil survey records.

Soil Map of China
(1:1 000 000).




Dai Y,
Shangguan W,
Liu B, and
Coauthors, 2011.:
A China dataset
of soll
properties for
land surface
modeling. (to be
submitted to
Global
Biogeochemical
Cycles)

1 Horizon Thickness (cm)

2 Soil Texture

3 Bulk Density

4 Particle-Size Fraction % (0.05 - 2.0 mm)

5 Particle-Size Fraction % (0.002 - 0.05mm)

6 Particle-Size Fraction % (< 0.002 mm)

7 Organic Matter Fraction (%)

8 Total N (%)

9 Total P (%)

10  [Total K (%) A Horlzon I ! i
11 Available P (mg/kg)
12 Available K (mg/kg) it
13 |pH Value (H,0) B Horlzon |
14 Exchangeable H* (me/100g) ¢ Horizon

15 Exchangeable AlI3* (me/100g)

16 Exchangeable Ca%* (me/100g)

17 Exchangeable Mg?* (me/100g) R Horizen |
18 Exchangeable K* (me/100g)

19 Exchangeable Na* (me/100g)

20 Cation Exchange Capacity (CEC) (me/100g)

21 Color

22 Structure

23 Consistence

Soil Profile

j —BEDROCK



Source Data

hina Soil Map (1:1 million Soil Profiles (8979)

st
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* A 4-level hierarchical structure: orders * Linking soil profiles to individual
(12), family (909), subgroup (235) and polygons.
great group (61) levels, and non soilmap  «  Consideration: soil type, distance
units (11). between soil polygons and profiles,
* Soil map units: 925 sample size of profiles.

* Map polygons: 94,303.



Spatial distribution
of the soil pH value

Soil pH

[nonsoil or no data [7775.5-7.2 .
—=rpa R — (H,0) in the top

, Harmonized World Soil Data 30cm soilin China.

Soil pH
[_]nonsoil or no data [7775.5-7.2
B <45 [17.2-85
p45-55 mm >8.5



Spatial distribution
. of soil organic
¢ matter(%) in top 30

Soil organic carbon (%)
[ 1nonsoil or no data 0.6 - 1.2

mm <0.2 mm1.2-2 efe o
mm02-08 -2 cmsoilin China
Harmonized World Soil Datab

b 4

Soil organic carbon (%)
—nonsoil or no data 7 0.6 - 1.2

- <0.2 mm1.2-2
0.2 -0.6 2



Total N( %) Alkali-hydrolysable N(mg/kg)

[__Inonsoil or no data[]0.15-0.2 ’ [ nonsoil or no data []100-150 e
[ <0.04 [m0.2-03 B <25 [71150-200

N 0.04 - 0.07 Emo03-04 . 25-50 [ 200-250

I 0.07 - 0.1 o4 -1 B 50-75 . >250

[710.4-015 [ 75-100

Available P(mg/kg)

Total P (%) o

[ nonsoil or no data [ 0.06 - 0.07 ' [__Inonsoil or no data [ 4-6 y ’
I <0.3 [10.07-0.08 <1 [j6-8

I 0.03 - 0.04 ) 0.08 -0.1 -2 o 810

[ 0.04 - 0.05 - >0 23 - 10

[77710.05-0.06 34

Total K( %)

Available K(mgl/kg)

[ I nonsoil or no data [7]1.6-1.8 € [ ) nonsoil or no data [ 80-100 e
<1 1182 I <20 [1100-125

- 1.2 . 2-2.2 . 20-40 o 125-150

214 . >22 [ 40-60 - >150

1416 77 60-80



clay fraction

zzrc]:(tjion of of the topsaoill
the topsoil (0-30cm)
(0-30cm)

sand clay fraction
fraction of of the subsaoil
the subsoil (30- 100cm).
(30-

100cm).

content (%)
["nonsoil [7130 - 40 70 - 80
B0 -10 [7140 - 50 80 - 90
10 - 20 (50 - 60 90 - 100
[120 - 30 W60 - 70



Soll Hydraulic Parameters:

a6 @ dh(B
Frile [K{E‘} (%— 1)] —3(8) Richards equation
— —1/A
Y =w:(5/8) Functions by Clapp and Hornberger
K(8) = K (8/8,)F+z% ~ (1978)
Ks = saturated hydraulic conductivity
(cm/d)
Os = saturated water content (cm3/cm3)
ys = saturated capillary potential (cm)
A = pore-size distribution index

033 = Field capacity (cm3/cm3)

1500 = Permanent ,\/viltir}jgf Qoint &cm3/cm3 _ ,
The parameters were estimatedtrom multiple Pedotransfer Functions (PTFs) as the functions

of the percentages of sand, silt and clay, organic matter and bulk density of the profiles.

20 PTFs for Ks _ } Output: Median, Individual PTF valu
15 PTFs for ys, A, Os, 033, O1500 , respectively

Dai Y, Shangguan W, Liu B, Duan Q and Coauthors, 2011: Development of a China dataset of soil
hydraulic parameters using pedotransfer functions for land surface modeling. (to be submitted to
Journal of Hydrometeorology)



Status of soil hydraulic parameters in land surface models

Land model

soil hydraulic parameters

BATS (Dickinson et al., 1986; 1996)

Look-up table by Clapp and Hornberger
(1978) and Cosby et al. (1984)

SiB (Sellers et al., 1986; 1996)

Look-up table by Clapp and Hornberger
(1978)

VIC (Liang et al., 1994; Nijssen et al.,
2001)

Look-up table by Cosby et al. (1984)

NOAH (Chen and Dudhia, 2001)

Look-up table by Cosby et al. (1984)

CLM (Dai et al., 2003; Oleson et al.,
2010)

Regression relationships from the soil
sand/silt/clay fractions by Cosby et al
(1984)

JULES/MOSES (Cox et al., 1999; Blyth
et al., 2006)

Regression relationships from the soil
sand/silt/clay fractions by Cosby et al
(1984)

GLDAS (Rodell et al., 2004)

Look-up table by Cosby et al. (1984)




Saturated Hydraulic Conductivity
(caa/d)

K s K s

- :Zz—son or nodat - :Zz—son or nodata

| S | S

[ 350 g [ | 35:50

[ so-160 [ so-160
at 3 cm depth - at 50 cm dept -

&
Saturated Water Content (cm3/cm3)
Phi Phi

nonsoil or

B <o«
oo
[ o4sas

0. 5-0. 5b

mme=s - at 50 cm deptt
o

nonseil or nodata

B <o -
oo
[ o4sas
0.5-0. 55
[ o.550.5
o

at 3 cm depth




psi psi

B B
-50—25 -50—25
2520 2520
-20—15 -20—15

o at50 cm dept

non—s0il or r

| B

non—s0il or nodata

at 3

lambda lambda

non—soil or noda non—soil or nodata
| KN o
Bl o -os Bl o-os
0.15- 0.17 0.15- 0.17
017 - 0.18 0.17 - 0.18
at 3 Cm depth 018 - 0.2 0.18 - 0.2
I < ooooo I < ooo0o



Field Capacity (cm3/cm3)

Theta33 Theta33

nen-soil or nedata nen-soil or nedata

o o
oo oo
0. 26-0. 29 0. 26-0. 29
t 3 d th 0. 28-0. 32 t 50 d pt } 0. 28-0. 32
a cm ep [ o203 a cm € ' [ o203
| RE: | RS

Thetal 500 Thetal 500

non—s0il or nodata

B o
| EAERE

0.12-0. 14

non—so0il or noda

|
ooz

at 3 cm depth “gest S - _ at 50 cm depth
o

0.14-0.18

[ o160z
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« KX¥NGlobalCover (=K. 1km x 1km)

o HHEFE TR (1: 1,000 000)

® £ IR 1B &5 /F HBIE L L
BHE 53752 . 30 x 30 arc-seconds
YRR RIS : 2000-201x.




Global Land Cover Dataset

Source Data:

 Land Cover / Land use:
— Vegetation Map of China (1:1 000 000) of the National Plant Survey of
China (purchased from Institute of Botany / CAS).
 Vegetation status in 1980’s and 1990’s.

« 11 vegetation groups, 55 types, 865 formations and subformations,
75 785 mapping units/polygons.

e Datareleased in 2009.

— GLOBCOVER (free download from http://ionial.esrin.esa.int), 300m
resolution.

Leaf Area Index (LAI):

— MODIS global LAI (Collection 5), every 8 days at 1-km resolution (2000-
2008).

— AVHRR global LAI, monthly at 8-km resolution (1981-1999).


http://ionia1.esrin.esa.int/

China vegetation dataset

2. Needleleaf and
1. Needleleaf Forest broadleaf Forest 3. Broadleaf Forest 4. Scrub

5. Sparsely Vegetated Areas 6. Steppe 7. Grass-forb Community 8. Meadow

9. Swamp 10. Alpine Vegetation 11. Cultural Vegetation 12. Bare Ground




| BRI 8 IR £
BHE 5 PE2 . 30 x 30 arc-seconds, every 8 day

BAERT R EEREE: 2000-2010.

-\

A global Leaf Area Index dataset for land and
climate modeling
(http://globalchange.bnu.edu.cn/research/lai)
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b R?2=0.84 RMSE=0.65 M=0.23 SD=0.62
g

2 R (1) — 55 b [ ger ik oty £ bE AR

R?=0.62 RMSE =1.06 M=-0.35 SD=1.02
7

o 1 2 3 4 5 6 7
LAI reference map

Improved MODIS

1 1 1 1 1 1

o R®=0.76 RMSE=0.79 M=-0.11 SD=079 ®
7

o 1 2 3 4 5 6

LAI reference map

© crop

A evergreen broadleaf forest

+ evergreen needleleaf forest
grass

<& mixed forest

90N

60N

30N

0

308

60S

90S

ISR 726Nk i, 445K LAT
reference map (ESELAT{E)

— VALERI, BigFoot, Boston
University, SMEXO02

o XTELURFE

— BEHERLAI reference

mapPEZEIMODIS LATAA KR

X B T

— RHEME TR AT T

o

— HX A B BT T

\/:[:‘
“J o
\l\\l\\l\\l\

I

P

L1y

I I IR I

TUND
4 r
— NOBS

)
Walnut Creek Larose

., Ruokolahti

Sonian - ,Demmin

ezer & o Gilching
Sud-Ouest & Fundulea
a L

4 KONZ «
Ll e Larzac Plan-de-Dieu
] Q 2RO Puéchabon Les Alpilles
SEVI
7 .Wankama
LCounami LJ
— Donga
i . Turco
B @ Laprida

Zhang Bei
L]

Gnangara
Camerons

180 150w 120W 90W 60W  30W 0

L L I L Y BN B L B NN

30E  60E

T 17

LN LA B B

90E 120E 150E

180



455
X TR

78 o5 IS/ 4y
) ik B 3 >
uh A0
TR (8] 7 5
fH.

LAI

LAI

LAl

3 (2) —B5f [|]

1.5 3.0

0.0

0.6

0 2 4 6 0.0
T T T T 11

0 2 4 6

02 46

Zhang Bei[VALERI], China, Lat=41.28, Lon=114.69

H) BB
AANAAAMAANAA

KONZ[BigFoot], USA, Lat=39.09, Lon=-96.57

AALAAALADN

SEVI[BigFoot], USA, Lat=34.35, Lon=-106.69

oA A AANAN

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year

(c) evergreen needleleaf forest

Nezer[VALERI], France, Lat=44.57, Lon=-1.04

Dol by A\

NOBS[BigFoot], Canada, Lat=55.89, Lon=-98.48

AN,

Ruokolahti[Boston Unlver3|ty] Finland, Lat—61 53, Lon=28.71

 AMADAMAALA

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year

e) mixed forest

Puechabon[VALERI], France, Lat=43.72, Lon=3.65

WWM Il i

T T T T T 1710~

Sonlan forest[VALERI], Belgium, Lat 50.77, Lon= 441

.»WW‘WM e\ Al o Wl :

Larose[VALERI], Canada, Lat=45.38, Lon=-75.22 1

AR ARARAAA

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year

(b) crop

i Fundulea[VALERI], Romania, Lat=44.41, Lon=26.59

AAMAADN L SN,

AGRO[BlgFoot] USA, Lat=40.01, Lon=-88.29

AN

Walnut Creek[SMEXO02], USA, Lat=41.93, Lon=-93.75

A A AR A A AL

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year

(d) evergreen broadleaf forest

| Camerons[VALERI], Australia, Lat=—32.62, Lon=116.28

PO A end

Gnangara[VALERI] Australia, Lat=- 31 53, Lon 115 88

W\WWWMWWW ]

Counaml[VALERI] French Gwana Lat 534 Lon——53 24

A

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
year

—— MODIS
Improved MODIS
A LAl reference map

QC value

Back-up
Unretrieved

Main
With cloud
B With saturation




é:DI: 7E% ( 3 ) o Hj‘ /\E tt zLFj( , » : 1 year 20, (.jiywoog yeér 200_91 Hay' 01 »yerﬂ 2009 d?y 035
o HEEUR X S e TN Aty |

7= Ee st
— X3 tile h12v09
— BT DIFF A
JEMODIS LAlS
MODIS LAIZH
— QCHmEEHGE
SN A i) = S
— Frequency N1%
R LAME A
118

00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15.16.17 18 19.20 21

23 24 25 26 27 28 29 30 31 32 33 34 35

> S = MODIS S = MODIS S = MODIS S = MODIS S = MODIS
o 8 Improved MODIS 8 Improved MODIS 8 Improved MODIS 8 Improved MODIS 8 Improved MODIS
S S S S S S
]
g 8 8 8 8 8
= 38 8 8 8 8
LL < < < < <
pall a
o o o o o
5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
LAI LAI LAI LAI
PO EE——
0 1 2 3 4 5 6 <10 249 250 251 252 253 254 255

Main With cloud  With saturation Back-up Unretrieved



A ] X 35ty T AR Y

572 B3/ IR B HI &

\ W-P'

<t



Terrestrial Model System (TMS)
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RMSE of Leave-one-out cross validation (C)

T1 12
W 3.03 1.96
MW 2.27 1.72
NE 2.64 1.82
SE 1.58 1.31
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T2 fl — fi(X1 y)+aiz+18ifi—1

RESE using T2 (C)

AP RS H T | H AR T

fit CV CV CV
W 1.84 1.96 2.75 2.44
MW 1.58 1.72 3.25 2.19
NE 1.72 1.82 4.53 2.37

SE 1.18 1.31 2.83 1.81
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p1 B =T (X, ¥)+ 2
P2 B =Ti(X,y)+o exp (biz)
3 P = fi(x,y)+a exp(bz)+ B0,

RMSE of CV (hpa)

P1 P2 P3
W 20.07 3.20 1.95
MW 4.99 3.32 2.16
NE 5.07 3.18 2.02
SE 3.86 3.63 2.21
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Snapshots of the temperature

data
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P3P =T(XYy)+g eXp(biZ)"‘/Bi Pis
RMSR using P3 (hpa)
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fit CV CV
W 1.68 1.95 2.06
MW 1.81 2.16 2.31
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SE 1.76 2.21 2.55
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Snapshots of humidity
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Snapshots of shortwave

radiation
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Snapshots of longwave
radiation

19934107 J ] 06| 00H & % i ohf

Legend

B <25 [ zes-ze0 [ |30 - sss [ 415 - 4
B =5 - 2o [ 200 - 295 [ | 366 - se0 [ 420 - 425
I za0 - 235 [0 205 - so0 [ 360 - ses [N 425 - 430
I 25 - 200 [ s00 - sos [ aes - avo [N 430 - 435
P 20 - 26 [ Jaos- 30 [ | am0 - e [ 436 - 440
I 2s5 - zs0 [ 510 - 316 [ | 3vs - sz0 [ 440 - 445
[ os0 - 255 [ 515 - ae0 [ 380 - sss [ 445 - 450
I 255 - 250 [ 520 - ses [ ass - seo [N 450 - 455
[ 260 - 2es [ | a2s - sa0 [0 300 - ses [ 455 - <60
[ 265 - oo [ 330 - 305 [0 305 - 4oo [ 450 - 455
[ oo - os [ 335 - sa0 [0 400 - 405 [ > 465
[ o5 - cs0 [ | 340 - 345 I 406 - at0

[ ze0 - zes [ | 345 - 300 [ 410 - 415




fe 7K 37 IR ST

ek HIRIETHE . 1950-2010, KZ)70045
R/ INEP UL B4 . 1950-1989, ™4 ik 2% BF Z W 1 hn 31700

8 R EHE .
TRMM (&K, 25N B, 3/Ni)
GMS/GOES (ZL4M g, S5 H, 1/hE)

Rgoes; =
1.1183x10" exp {— 0.036382goes, }

Vicente et al.,
1998

(a)

Radar Rain Rate & GOES-8 Temperature

L 0 o o s |
g WO e
AL o e s s
310N
3 80\ —
N .\ W O A M
B e el Mo o o o

0 .S R
190 200 210 20 230 240 250

Temperature (K)

Vicente et al.,



MR B Bk BB 1] o RUBE

3/NIFFEIK 1 =1, x Rgoes, /Rgoes,
oo g ROMS, 43 5] S U 1 R0 J v 1R B K 1 H B

feEK Ge iR A
\/Fi = (%, y)+f;(goes, }+,f,(goes;, 5 )+ 4 /trmm,




Snapshots of the precipitation
data
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Snapshots of wind
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CoLM-DGVMAHEZE .

o AYYEREER (Daiet.al 2003)
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2 1F %)

o HHEBh SIS (Sitch et. al 2003)

TR S AR R AR A A SRR AR AL (. e, BEE . B

FE)

o EYpHiERIVL ML (Dai et. al 2004, Xu-Ri et. al 2008)

FRAUE R A Kbt . BEFIIERA (e SRR WRIRAE AL ¥
PIRI Ae PLL R A BAE 55D

o EWEARTFHER (Zenget. al 2008,2010)
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Solar radiation

PFT Leaf interception
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Soil inorganic N
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Denitrification

N [ Plant N pool
fixation deposition
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fall
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Xu-Ri et al., 2008
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B T

N _demand = NPP /cton_ pro

il

N uptake capacity = f___x N __demand

temp

N _availability = W__ x N _ pool

ont
N uptake = min(N _uptake capacity, N _availability)
N stress = N _uptake / N _demand
NPP = N _stress x NPP,

Nitrogen stress does not explicitly affect photosynthesis
ability, but directly reduce potential NPP production




Static relative C/N
ratio for N allocation

|

Update C/N ratio for leaf,
root and sapwood

|

calculate plant
respiration with new C/N

ratio

B

I\Ialloc = |\Ileaf + I\Iroot + Nsapwood + I\Iinc

rCton_ LR = CIeaf : Nleaf /Croot : I\Iroot
rCtOn_ LS — CIeaf : I\Ileaf /Csap : Nsap

CtON—Ieaf —new = CIeaf_ / |\Ileaf_

new new
CtON—root—new = Croot_new / Nroot_neW
CtoN—sapwood—new = Csapwood_neW / |\Isapwood_new

=r- CIeaf /CtON—Ieaf—neW -9 (T)
=r- Croot /CtON—root—new -9 (T)

R

leaf

R

root

Rsapwood = Csapwood / th)N—sapwood —new Z g (T)



B

Concept of “anaerobic balloon”:

Soil moisture is an indicator to allocate substrates into two soil
fractions for nitrification and denitrification reactions

Nitrification NHZsoil,aerobic = I\IHZsoil '(1_Wcont)
NH4 —> NOZ_ —> NO3_ Noginc — Nmax ’ ftemp ) NH:soiI,aerobiC
Denitrification Nognc = DNmax - 1:temp ) Nos_anaerobic /(NO?)_anaerobic + Kn)
NO:%_ N NOZ_ 5 N2 I\|2inc = DNmax - ftemp ) Noz_anaerobic /(Noz_anaerobic + Kn)

DN max = LCA/(LCA+ Kc)

LCA is soil labile carbon
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New Lake Model
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Fluxes to atmosphere I

Snow aging

0-5 snow layers — & aerosol deposition

Latent heat released

10 water / ice layers :
upon freezing;

(variable depth) : 205 ¢
e o St T NI v | et ice aggregates at top
' ~ molecular-diffusion™ 1 "
Soil temperature; organic matter
& methane production;
limited soil hydrology
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1. SNOWFALL (SNOW-PACK) INTO LAKE WATER

s = snow mass (kg/m?),
n = before the snow-pack into lake, n+1 = after snow-pack into lake,

T®, T**! =|ake water temperature (before and after) of lake layer [K],

n+l _

lake_icefrac", lake_icefrac ice mass fraction of lake layer (before

and after) [0-1],

Tp're cip

= temperature of snow-pack [K],
Ts, = water temperature at freezing point [273.15 K]

c = specific heat of ice [J/(kg K)]

pice
Cpliq = specific heat of water [J/(kg K)]
hy,. = latent heat of fusion for ice [J/kg]

p = density of water [kg/m3]

dz = thickness of lake layer

d = Cpjce S (Tfrz - Tprecip }
b=s hfus
cC=p dz Cpliq (Tn - Tfrz)

d= P dz hfus



1) WK AR, TR AR JEAN R DME snow pack (17352
freezing point (T, ), HI,
IF (c —a < —d) then
lake_icefrac®*! = 1
Cpice S(T™ ! — Tyrecip ) = € + d + pCpice dz (T, — T*™) =>

—— €+ d + Cpice S Torecip + PCpice AZ Toy

Cpice S + PCpice dZ
2) WAKIBEA Ty, BLEHEH2WK(liquid water) FEUE A {6
THREZTHE] Ty,
ELSE IF (c — a < 0) then

¢ + Aflake icefrac] pdzhgys =a =

D a—_c
wit! = [lake_icefrac® + —] pdz + s
- P dz hfus
n+l [ : a—¢
Wiq = |1 — lake_icefrac® — ————| pdz
| p dz hfus
n+1
w.
. 1ce
lake_icefrac®*! = [ — DHI
Wliq + Wice

Tn+1 — Tfrz



3) AT EWIKIRE RGN R, ST snow pack i&EEHEFH BTy, , &
AR (¢ = a);
WHARAN ARG, AT ZBR R SRR, RN K T PR 2 Ty, B
FERCI I RE(RRIA), SR AE(E 7 35 (R .
ELSEIF (c —a <b) then,

0<c—ac<h

—(c —a) = A[lake _icefrac] s hgy

a—c a-—c
Allake_icefrac] = =

s hyys b
s a—c
lake_icefrac" ™t = —— 5
o+l =T,
4) T @ e KRRl
ELSE
b<c-—a

lake icefrac®*l = 0

a+ b +sc (Tn+1 . Tﬁ'z) — pcpliq dz (Tn _ Tn+1) =

pliq
PCpiiq 42 T" + 8 Cpjiq Ta, — (@ + b)

Tn+'l —
pcpliq dz +s Cpliq

END IF
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EBRIX
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Sub basins

Contents Grids(30s) (>100km?) Area(km?)
a0 11,810,736 31,671 7,938,114
al 6,089,596 18,914 4,683,779
a2 6,293,942 14,167 3,526,213
a3 1,975,831 3,959 973,489
ad 5,743,874 12,933 3,158,283
Asia a5 4,562,873 8,432 2,136,792
ab 5,830,608 12,501 3,090,162
al’ 7,739,130 16,077 3,914,796
a8 3,743,515 9,486 2,291,402
a9 10,659,214 32,622 7,944,606
Total 64,449,319 160,762 39,657,636
a0 2,957,261 9,658 2,451,105
al 8,856,534 27,248 6,843,195
a2 3,697,130 12,494 3,087,900
a3 4,584,462 15,699 3,849,230
a4 1,675,051 5,381 1,392,319
Africa a5 4,794,370 15,196 3,795,330
ab 4,331,700 15,251 3,707,680
al’ 840,821 2,975 720,914
a8 2,546,505 8,477 2,123,699
a9 2,460,927 8,484 2,071,521
2014-01-02 Total 36,744,761 120,863 30,042,893 '°




Sub basins

Contents Grids(30s) (>100km?) Area(km?)
a0 7,047,707 17,554 4,422,184
al 6,501,752 19,889 4,920,339
Europe a2 3,822,715 8,878 2,378,657
a3 13,502,725 28,590 7,067,448
Total 30,874,899 74,911 18,788,628
Oceania Total 13,769,962 42,441 10,431,944
al 7,405,218 15,934 3,983,898
a2 4,206,999 8,683 2,239,772
a3 9,986,503 17,205 4,443,223
ad 2,072,361 4,890 1,239,065
North a5 4,680,760 11,121 2,710,012
America ab 1,752,953 4,397 1,125,360
a’ 2,214,177 5,486 1,343,960
a8 4,970,303 13,335 3,362,238
a9 6,410,433 19,629 4,828,876
Total 43,699,707 100,680 25,276,404
al 5,439,951 15,862 3,920,726
South a2 1,778,639 5,984 1,522,228
America a3 7,989,102 26,018 6,479,769
ad 6,927,769 23,571 5,894,979
Total 22,135,461 71,435 17,817,702

‘‘Global Total 211,674,109 571,092 142,015,207'°*
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EBR:

Longitude | Latitude

36.90
38.64
47.65
45.47
45.27
44.41
48.76
50.30
42.01
43.30

-14.26
-14.22
-13.30
-13.35
-13.69
-13.63
-13.22
-13.21
-13.36

4

Area
105.11
223.77

9.38

3.21

0.64

52.63

79.62

146.6
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210.29
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FlowD
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FlowA
30380.325
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82089.975
378522.352
125114.853

125.191
330.934
735.664
109.577
121.319
167.615
243.887
114.753

210.289

R B (100km 2 {H)

topindex | Slope

3.83
7.92
7.99
3.74
5.31
7.23
7.21
4.12
7.69
5.46

4.31
3.19
3.36
3.79
3.57
3.26
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Length
3.36
27.3
2.37

0.8
0.8

18.99

15.17
3.89

39

55.12

13.08
4.57
22.63
27.43
4.95
6.25
11.96
14.93
3.5

Elevation
3195.07
2741.45
622.13
906.2
1123
1083.52
1045.73
773.22
956.75
917.58

4226.75
4168.61
4558.09
4353.76
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Mapping CLM grids to sub-basins used by KWR

[aJaopi[i2]
CLM 5

KWR

Grid _b@ s
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Qo = a°(A +2A‘1)ﬁ

AA?WLAA? =q = AAAl+AQAt =gAlAt

AA:A\ _'A\—l AQ=Q, -Q,

— = — Mﬂg @
(A-A)=Q-a- (7)) +R—
((A)=(Q o (AR TR AR pp (A
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Discharge in everywhere
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Runoff(mm)

Precipltation mm
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Simulated annual discharge by KWR and RTM in 2003 and 2004

Legend
' 2003
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(a) Discharge m 2003 by KWR (b) Discharge in 2003 by RTM.
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(¢) Discharge m 2004 by KWR (d) Discharge n 2004 by RTM.




Stream flow stations attributes

®  Stream station g

I:l Basin boundary

River

Station Basin Sub-basin Accumulative Longitude Latitude Observed
NO. upslope Area streamflow
Datong ECS:‘E 291 1703156 117.61 3078  2002-2004
Sanshui+ Pear River 18215 392721 112.83 23.17  2001-2203
Makou
Jiamusi Songhuajia 14157 527971 100.15 3550  1995-1998
ng River
. LiaoHe
Livjianfang o 13868 144960 122.53 4129  1996-2004
Xiaoliuxiang FF'{‘:\Z?G 11270 132768 118.13 33.17  2001-2004
Tangnaihai ;‘T\'/':r"v 10068 123387 130.37 46.82  1995-1997

Huavyuankou Yellow 7379 776190 113.67 3491  1997-1999
2014-01-02 River 118
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(f) Tangnaihai Station
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Simulated discharge and Observed discharge Comparison Statistics
over the Gauge Stations

Utilization of E R B

Station Basin water resources

KWR RTM KWR RTM KWR RTM
(%)
Datong Yangze River 17.193 0.79 -195 0.95 0.79 1.07 1.24
Sanshui+Makou Pear River 18.619 0.73 -146 091 0.56 1.02 1.34
_ _ Songhuajiang
Jiamusi _ 44.274 0.76 0.75 0.90 0.89 1.00 0.97
River

Liujianfang LiaoHe River 44.274 0.44 0.41 0.79 0.67 1.95 1.45
Xiaoliuxiang Huaihe River 44.746 044 -0.20 0.78 0.54 1.56 1.87
Tangnaihai Yellow River 69.167 011 -291 0.74 0.40 1.15 1.85

Huayuankou Yellow River 69.167 -1.67 -0.34 0.36 0.19 1.67 0.92




Parameters of stage- discharge rating curves and KWR

Basin Parameter Optimal value Sampling Range Samples
A 1033 1000-1200 756
c 1.5 1-2.5 (E>0.9)
Yangtze b 0

n 0.3 0.01-0.5

1000
a 110 1-150
A 1500/4058 1000-2000/3500-5000  1437/1759
c 1.1/1.1 0.7-2/0.7-2 (E>0.9)

Pearl
. b 0.11/0.45
(Sanshui/Makou)

n 0.3 0.01-0.5

1000
a 110 1-150
A 161 100-500 1044
c 1.9 1-2 (E>0.9)

Songhuajiang b 71

n 0.15 0.01-0.5

1000
a 60 1-150

2014-01-02
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Response surfaces of KWR model parameters (n and a)
and the rating curve parameters (A and c)

0.1 0z 0z 0.4
n

(b) Pearl (n, a) (¢) Songhuajang (7, a).
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A A A o

d) Yangtze ( 1, ¢) (¢) Pearl (Sanshw & Makou) ( 1, ¢) (f) Songhuajang ( 1, ¢).
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The NSE values projected on to the axes of parameters
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The NSE values projected on to the axes of parameters

034 0.3 065 : , 05
04
032
0g i3 0%
03 0.4
w 028 w 05 w 045 w 042
04
0.26
0s 0s 03
0.24 0.4
0z 045 ! . L 1 045 - - 0H ! . :
1000 1050 1100 1150 1200 oo 1200 1400 1600 18 20 3500 4000 4500 =000 100 am a0 40 a0
A A A A .
(g) Yangtze (1) (h) Pearl (Sanshu1 & Makou) (A) (1) Songhuajiang (A).
12 " 1 07
! 09 | o 1 os
08 08 03 05
06 a7 | or 04
“ w w 06 1 w03
04 0g ]
05 0
0z ns 04 0.1
o 04 03 0
0y 15 2 25 PR FERTEET 032 : : b1 ' :
5 : 08 1 12 14 16 18 2 4% ] 1% ) 1 15 z 15

¢ o

(k) Pearl (Sanshu1 & Makou) (¢) (1) Songhuajiang (c¢)-

(1) Yangtze (¢)



The posterior PDF of parameters
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The posterior PDF of parameters
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Uncertainty range of observed discharge and simulated discharge

100000 5%-95% Simulated Discharge Percentile 70000 5%-95% Simulated Discharge Percentile 25000
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The land simulator platform
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Terrestrial Hodel System — China

File Model Help

W

. 2

1" Terrestrial Model S

&

Run | Quit | About |
Input File of the Model Para File of the Model Output File of the Model
E:ITMS/Model/CLMInput.py | E:/TMS/Model/CLMPara.py
#Input file of CLM J Begin = 19900101 = Left press iz OFEN J
ModelPara = E:\DTVGMsystem\Day'DTVGMELE End = 19991231 RiehibpnessRizES ave
Zasinhtt = E:NDIVEMsvstcem'\Dav'\Sasinlhtt gl = 0.1451
PFrecipitation DIVGMsystemiD WRalr g2 = 2.724%9
Evaptration = :ZWDTVGMsystem' Day\Evap® Er = 0.1
Flow = E:\DTVGMsystem\DavilijiaheFlow. Erg = 0.8
fe = 1
Wi = 11.5
W = Z4
WHD = 10
LW = 8.1
I = 5
Thickll = 300
ThickDh = 300
Area = 0
thr = 1
El = 50
Pm = 1
Fma = 0.1
Eaw = 0.00742
RECount = 3852 1
HruCount = 788
Pc = 200
RoughRss = 0.03
BasinExport = 781
Udistance = 1000
1 34| J1 ) K5 [l
Ready, Welcome!




Integrated GIS capability
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