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Synopsis
This document describes the way to generate land surface parameters and simulate
using SiBUC. The document provides the information about model intercomparison
projects which SiBUC participated, and about previous studies using SiBUC. The
document guides users to understand the original data, the flows to process those
original data, the flows to run the SIBUC, and the way to process the output from SiBUC.
The document also guides the users to understand the way to visualize the generated

land surface data and processed output data from SiBUC simulations.

F—J— K: SiBUC, MEE@EET L, 2—F—w=aT L, (FE
Keywords: SiBUC, land surface model, user manual, visualization
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Fig 2. Schematic image of the SiBUC, which uses mosaic

Fig 1. Schematic image of land surface process. Energy, scheme. Each grid is divided into three land cover

radiation, and water budgets are calculated in the process.

model: LSM)iE, BEg/KIGER €7 LS RRKIERET
NOMFBERHERZMS ETLE LTHESLTE .
BERRET T M, EFICRBEBS slEREVWFET
AU, REMD D ORGSR E N & S, #FRKimo
T 3 KU 3 - B K & fif < BTV CTH D (Fig.l) .
RGEREI X, Bk - KR - B - B -

i« REE - BRENHOND (ET LIk -T
X, MIRET AR RPHHFEANETHZ b H

%) .

FUER RSB AT FERT - KEIRER v 7 — & dls
LM F—2I2LY, EmEEETT L
SiBUC(Simple Biosphere model including Urban

Canopy; Tanaka, 2004)73 B & & 41T £ 7=. SiBUCILHH
KRB & ki - BT - KK D3O>DH T TV —I25
L, £7V vy RIZZENOLDOREEZRDDIEY A
AX—LERHALEZETVTHD (Fig2) .

1.1 AEHOBEM

categories (water body, green area, and urban area).

fRgn g 5. BRI, FHEICET 2 HKRE T A
— RGN N OIER L, AT —F2E2Hnic
SiBUCOfig#r J7 ik, SiBUCH| 71 DR FK I el B )5 1k
EUAT A £, AT =T — % OfEmE
FEIZOWTHFHMHAT 5. SiBUCOFELWET LD
AR LA F R R O IZ OV T, Tanaka(2004)
ERBINTV. RO WTIE, LR & EdSE]
HECH 5. (http://rwes.dpri.kyoto-u.ac.jp/~tanaka/sibuc/
sibuc-web.pdf)

AEEOHMIE, ~==2TVEABROD L, ﬁ%’
Bk % Ff > CTHE, SiBUC——0DiiKIzo% S

52 LThHD. MAT, KEETIESIBUCORHT
TZHOWTHEIAZMATEY, TOHA%EMHES &
WO TEFSEH I B RBETENIZ L EZ TN D

1.2 mEA~NDEELEHSEN
EPEEATHS. TNECHEE O, EEE

Y—=Aa— &ML TEER, SiBUCITIZIKA
AREETIL, SIBUCEFIA T 2% DIIEIZSNT
Table 1. The MIPs (model intercomparison projects) which SiBUC have participated.
Name of the projects | Year Target area Processes Related papers
) The Lake Biwa Basin )
Lake Biwa 1994 _ Paddy field FH 1 5 (2000)
(sites)
Alps Impacts of spatial
RhoneAGG 2001 . . Boone et al. (2004)
(basin) resolution of LSM
Global soil wetness . .
GSWP2 2003 . Soil moisture B 5(2006)
(sites)
Hitsujigaoka, Hyytiala, Alptal, Snow melt and
SnowMIP2 2008 . o Rutter et al. (2009)
Bearms, Fraser (sites) assimilation
West China and Mongolia .
ADMIP 2010- , Asian dryland H5(2011)
(sites)
The Niger River Basin African Monsoon .
ALMIP2 2012- ) ) ) o To be published
(sites and basin) (Arid and semi-arid)
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Table 2. Previous studies using SiBUC and their coupled models, discussed phenomenon or processes, and references.

Applied Coupled Model Discussed phenomena or processes Reference
Area Atm | Riv | Crp | DA | HI Frc | SM | ET | Rof | IRR | CC
O O Souma et al. (2013)
Tokyo,
» O O O B S (2013)
O O O EH 5 (2011)
Niigata, JP O O O B 5(2010)
O O FH G 5 (2004)
Lake Biwa, O O O O O FH ' 5 (2001a)
Jp O O Tanaka et al. (2003)
O O O O Tanaka et al. (2001)
Central
e O O FHIE 5(2006)
Japan
. O O O Souma et al. (2008)
Entire
| O | O O O | O /ML (2013b, ©)
apan
P o] o O O | O | O | Kotsukietal (2013b)
O O O /LB (2011)
Southeast -
Asi O O O O Kotsuki et al. (2013c¢)
sia
O O @) Kotsuki et al. (2013a)
Asian
2011
Dryland © D )
Huaihe O O L & (2004)
River O O 5 (1998)
(China) O O HH 5 (2001b)
Turkey O O @) O Tanaka et al. (2006)
Aral Sea O O O @) o
(2011, 2012, 2013)
o O O O | O #E (2013)
Nile River —
O O O O O O % 5(2012)
Niger Riv. O O O O To be published
Tibetan Plateau O C}E‘]j f‘o 2003
/ Siberia B 5(2003)
O | O | O O ## (2006, 2009)
Global O O @) O IS (2012)
O O O /IMED (2013, d)

Atm: Atmospheric models, Riv: River routing models, Crp: Crop growth models

DA: Data assimilation, HI: Heat islands and heavy rainfall, Frc: Meteorological forcing for LSM, SM: Soil moisture,

ET: Evapotranspiration, Rof: Runoff (river discharge, water resources), IRR: Irrigation, CC: Climate change

EL TR BRSDLAREERSD. £, BRELIX
SiBUCOMREIR EIZ8 /) L CT& =28, F7SiBUCH
HEMRIZRELE RS BRI LRV, IR
LN HHEORFIEICR L, BABEZX—EO
HEExADLRY. HL ETHLRIAEZEOEL TSIBUC
ERHLCEE 0.
WIZBBENTH D, ZOERHZOWTIE, B¥EE
LOFICLVIERENT. FRERBY 5710 5L
L7220 THDHN, SIBUCZHIO TH I A

TR TR b H DL L., Z054A1E,
RThoEE, ABRELITELZTHRLY. i
T, SiBUCIZEL B - JEBR O A3t 2 MR ICFE L TV 5.
b L, HARENSIBUCOWE - JLEICHKZIL, D
I & SIBUCH = —H —|Z&m T 5 HxE Lz 513
JEFEBIRE SICERK L CIEE 2. W OHERIZD
WT ISR LIEE, ZOMEESIBUCOIKBIRIC
e ~<, HRDBRY OB ET 5.
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Chapter 2

which is defined in define.in (include file).

To generate land surface data for the target are,

lond 4%9.0 Mask (O:sea 1:land 2:inland water)

Land Sea Mask (O:sea 1:land Z:in|

| R g

‘Land surface @ata, meteorological data
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Chapter 3

To run SiBUC using land surface data sets,
(define.in is used to define the area).

ek y Izao
2 S/ B SiBUC
-. s
‘ r Output
O
Chapter 4

To process SiBUC output for visualization
and water balance analysis.
(define.in is used to define the area).

Fig. 3. The structure of this document. Chapter 2 describes the way to generate land surface data sets. Chapter 3

describes the way to run the SiBUC. Chapter 4 describes the way to process output data from SiBUC.

1.3 BAEY 53 & Xk

SiBUCIZ DWW T OB HIL, BLFORRIZ L TR L.
Tanaka K. 2004. Development of the New Land Surface
Scheme SiBUC Commonly Applicable to Basin Water
Management and Numerical Weather Prediction Model.
Doctoral Dissertation, Graduate School of Engineering,
Kyoto University: Kyoto; 289.

mE, RERCHEHT HSIBUCOR R Z EITT 5
W2, ZEOANNT =2 BNETHL. 7T — % &F|
AL T 21T o 7o B8, 7 — % O - BRE
~OFBHEDT—D—2TEITFIH L TH L.
KEEPTEH, BIHTRELRITOWTHRET 2.
PREH OIX I E T, BEOERBRETT VHAE

tbig 7 a ¥ = 7 bk (MIPs: model intercomparison
projects)IZZ N L, EhERERSCLE - YEIEA (T T &
7o ATJT - BREET — & Ol - 7= MIPsi i g ¢ — &
DEEMEGRZE TV D, A E TIZBM L 7ZMIPsIC
DUNTIE, Table LITFE & D7-.

AT, SIBUCIZTZHET, 7 7 /Wi - AA -
FTANINEOFIRE G L LI D R E 4
E LT E T, BRx RISHFERE O TE 2.
Z D BEAERFFE OBEE & STHERIC SV T, Table 212
F L.

1.4 HELGHERIRIE L MNH
SiBUCO L, KO, AT —X% OERIL, v =
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Table 3. The overall structure of directories to use SiBUC on a certain $(path)/ directory. The structure in this table

assumes to use SiBUC on the entire African Continent at spatial resolution of 1.0 degree. The users can change names

of directories with blue color depending on the resolution, the target area, the version, and their preferences.

Directories on $(path)/ Purpose Chapter
Data/ data/ To connect link to global data sets 2
Africa_ldeg To generate land surface and meteorological data sets 2
SiBUC_Africaldeg v1.01/ input/ Input parameters (no need to change, basically) -
lib/ Library programs codes of land surface processes 3
restart/ Initial files for restarting simulation -
src/ Source programs of SiBUC
output/ Output files of SIBUC 4

JVAZ Y Z k EFortranY — A2 — RE O EINT
W5, 20w, SiBUCEFIAT 521X, LLTF D2
ODOFMENLETHD.

[1] =27 UF b, KW, “make”=2~ » K&
2 HEBREITH 5. UNIX, LINUX, MacOSH 518
THHAEMEEAHAEL VWD, EL
WINDOWSEREE F COMMTERE L H D70,
WINDOWEREE N COfEH 2 Ze I HAE 1%, Bi%
FHDO~ER L CTHEE 2.

[2] Fortran=t /XA FMEHIFIBECTH D Z & ZHLE
T, Inteld = /XA FERELT TEHZE - fiffr & T
X772, Intela A TERENHEMNTH S.
Fl, 7V —V 7 U =T Th DgfortranBg i
THMENT P REAR AR IS, BIMERE AR T TH D.
MAxT, ATORE - Miliz AL T\D Z ENH

F LW, ok, ZNLOMBNE & LRT & FT

SHDZELIEFFRETHDI D, EEICABEITVD

O B AEES L TS FLAETHD.

[11SiBUCHT1, KO, ANAT— X & d 5%, 7
Y —Y 7 U = 7 Grads (Grid Analysis and Display
System)D 2 7 U 7 b & L7z, KEEF O
X7 7 A E, & CGradsiZ L WERRE TV 5.
7272 L, GradsiZ & 2 E@EIXSiBUC% figtT 3 2% L
T BRI TR,

[2] BEARMIZ, AHTI7 7 A VI A F U TR S
L., TAX—T7ANLTEHRL, "M F VT 74
NERWDLHERIL, 2R T—F2EWO L, T—
IREBEEMZADTOTHD.

1.5 XEHOERK

REROHERIIFig3 IR T8 ThDH. AT —
Z DYERE + SIBUCD Y — Z =1 — |« outputD AL 7 11
77 K%, W UHEHBESR 7 7 A /L (“define.in”) & 5t 7
AieZ LT, BRI —Ra—RIFEE2ANDLE
I fRATAIRECH H. DF VY, HBEERY 7 A L%
BUNCRET 5 Z & T, BHIZSIBUCDOFEHT - output

WMEFECITH ZEBRHHKD. REOEETLEICR
D01, WROAL I N— K77 A VDOEE (F
(2, “define.in”~®pathfEIE) & A7 U7 hOFETD
HTHD. £, BT —FITFERHRT X E2FHT
L=, HROE OB TS RN &2 T35
TENRMHKD., ZICKY, FT—Z B O % R
E, EEOEERREIC L T30, WTho
FEIRIZ AW T B SIBUCE W TEMT S 2 Z & 3wl e
o7, Wi, 2 CaRT BT EARN A i 7
ETHDH. ETADEERCANT — & 2{EKRT 5B
IZiE, Y—Aa— FOEBENKIEICRD.

2T, fHI A2 IRE L7 1 (“define.in”), AR
OHFE M « JEWREI ST — 2 M HHEEOT — X 2 4)
DT ek R 2R T 5.

FIETI, UV LAEREET — X Z2EH LT,
SiBUCIZ L DM & AT+ 2 7 n 22T 5.

AT TIL, RMTCTHIJI S LTzoutput” 7 A L DAL
FFVEIZOWTHIT 5.

FNENDO T 1t A TIEGradsZ VW72 1EE i
WIZOWTHitAT 5. GradsTHA T U 7 7 A4 V&3
FHIADT- DI ay ba— VT 7 A LIZDNWT
%, #1795 Y —Ra— R THEER I D79,
=Y =0 LERT LTI, A7 U RT
7 A AT OWT HIEARMICHERF L CTH D28, ik
EEEFAIZ OV TIIR R EBICR 257120, Fhb%
ERTDHAIZ VT MEEETINERD D (2.5811C
LIRS .

1.6 20T LY F)HEE
KERCHHTHT 4 L7 MU OLEMEIL,
Table 3IZ/RTEY THDH. L, ARERCTIXEAKD
W, BT 7 ) AR AR RICSIBUCE FEATT
HEAEELTCHREED D, 2B, KEETIZU
BTHHATEZ 07 002 b, AT —HDfE
7= X AEvIlE LT, SiBUCOFELT KW
outputihF DO 7' 7T AREAZ V101 L ABE L TR &
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Table 4. The structure of directories to generate land surface data sets for SiBUC.

Directories on $(path)/Data/ Operations Process
data/ To generate link for global data sets 2.1
Africa_ldeg/  include/ To define the target region with editing “define.in” 2.2

lib/ To compile library with “make all” 2.3
src/ To generate the data sets with “make all” and “paraset.sh” 2.4
out_basic/ Output directory
FIGrads To visualize output file on out_basic using Grads 2.5
. To generate forcing data with “script_forcing.csh” after
forcing o ) ) 2.6
editing “define_force.in”

5. BIREE SICL BSIBUCOBIREIZEL R ET
b, 5BLY—Ra—RFOWR - EENTHESH
. RIBREEND > TZHEIX, MOTOHE~ =
2T NVERIT LTV FETHD.

1.7 F—4 - 74535 LOERHFIZDONT

ARG R HE L TWDETE, SiBUCIEA—T Y
— A LI o TR, L, SiBUCEAWZF#
FICHBRER S 2 5481%, EFRARELICHEK LT
TEE 720, (A B BICIE U 72880 22 32406 05 v & R B
WIZHR LW EEZZTND.

SIBUCO BTLEL THERL S 41 2 MR m M BE/X T A —
X - [ 11T — %, SiBUCODoutput” 7 A /L@
REZLELEALEEALICEKLTEZZY. Zh
EFTH, THIOSLETOMERHNIIT-TETEH
v, BEARWICHERS T2t cx b E 2 5.

Dbk, EIENEL o208, $F2EUK T EA
BIZREERNFICONTHPT 5.

2. WRET—ZDERK

2R T, fHIETR 7 7 A /v (“define.in”) & #t A 1A
eru s T AL D, EmT— X OERTIEE
HHT . F2ETHAT LT —F & v M, Tabled
WCRENDT 4V R Eoa~vwy RETRAZ VS
MR ER D, Lk, FIEIZHE> TEITHE
AT 5. ek, AEOavY—F—ZxlllE, K
R FBE KL - KEFRE L F—DFT —F P —N
— + nas027(G#E Frlake) L TOMEEEZ BT L TEMNNT
WD HEIZHBERE N .

2.1 T4LU FUDERRE) VU ERK
SiBUCZ W=7 ¢ L7 bV ElZData7 4 L 7
MU ERER L, EFOMFRT —F BEERT ¢ L
7 MV xav—35. BERMITIE, $(path/) EIZHRWN
T, [Process 2.1 1~ K& %E{T9 5 (Table 5). &
FOF 4 L7 bUAE, 22—V —PNHHICRETE
03, fEik - G EERATEE T O ENREE L.

$MDat_din)/IZANT — X ER D 7 v 77 AfkE% BH
LTWBT 4L 7 M) THD. DATEIXT —hA 7 &
NE-ARETHY, RFTOBRFZEIRTS LR,

Table 5. [Process 2.1] on $(path)/

$ mkdir Data

$ cd Data

$ In —fs $(Dat_dir)/data/ ./data/

$ cp —r $(Dat_dir)/XXMIN_LSPv1.1 DATE/
JAfrica_ldeg

2.2 HEEIERI7FAILOELE
FHIKIL, $(path)/Data/Africa_ldeg/include/|Z ¥ X

NTwb, “define.in” CEF* T 5. Emacs DT «

& T, “define.in” % %R U CTIEIET 5. [Process

22| DIRFUTHOWT, BLT DIEIMEIE T 5 (Table 6).

[1] RBERIZE - T, HEHREZEERETD.

2] ET NVOMEEZRET 5. fRGE (res]) & R IE
FTIUE, BT VO FE(mx,my) I EFHEICL D E
HTxs. flxiE, BREFMTHIE, mxres
DFEN (xmax-xmin)lZ —FH T 25 £ 9 IZmxZ R ET
TIZE . BRI EE IO W THIFNZ 22V S, &
FRAGIE\C 72 513 &, SIBUCORATIEE 2SR 1S 72
L. BEOBEZ L LTI, ETLVORKTHIX
10000LL P72 2 ONEE L. 2N E TOMR
TiX, &ERA 7 — /L Tl130.25~1.0°, KEEHJI[A
=L TUE0.05~0.2°F L TE TV EH RN EIT S
nNTE-.

B] 77 ANVA LG BELXTEERTD. LTORER T
A —H DOVERL 7 7 A /L=SiBUCDoutput 7 7 A /L
Wi, ZZTCERLEZ A VARANLRS.
7235, cname, creslO LT HIELET D Z LI E
ST,

2.3 S473)0aviI(L
MREHNRTA—ZERICHND 7477 ) 2

NA VT BT, $(path)/Data/Africa_ldeg/lib/ T

[Process 2.3]D 21~ > K % %479 % (Table 7).
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Table 6. [Process 2.2] To edit $(path)/Data/Africa_ldeg/include/define.in

character cname*6,cresl*4

parameter ( cname = 'Africa’

parameter ( cresl = 'ldeg'

@ To define the names

) ! need to change (depending on target region)

) ! need to change (depending on resolution)

integer nx,ny,mx,my
parameter ( nx = 43200 )
parameter ( ny = 21600 )

parameter ( mx =

parameter ( my =

@ To define the Resolution

80 ) ! need to change (depending on project area & resolution)
80 ) ! need to change (depending on project area & resolution)

parameter ( xmin =
parameter ( xmax —
parameter ( ymin =
parameter ( ymax =

parameter ( resl =

real xmin,xmax,ymin,ymax,resl ® To define the target region
-20. ) ! need to change (depending on project area)
60. ) ! need to change (depending on project area)
-40. ) ! need to change (depending on project area)
40. ) | need to change (depending on project area)

1.) ! need to change (depending on resolution)

Table 7 [Process 2.3]

on $(path)/ Data/Africa_ldeg/lib/
$ make clean
$ make all

2.4 hEEYET—2 DOER

HRE T A—FEFA7 VT NEFEITTH2D,
$(path)/Data/Africa_ldeg/src/ L. T[Process 2.4]D =~
v K& 3479 % (Table 8). fHlk &~ VERETICH &
D, ZOFaERITITEHBRE O R RH & 2
5.

Table 8 [Process 2.4]
on $(path)/ Data/Africa_ldeg/src/
$ make clean
$ make all
$ ./paraset.sh > log.paraset &
$tail —f log.paraset

FNHOWMMEE L4, [Process 25|02~ K%
EITTHZ LT, ER LB ST A —% DOGIF
7 7 A WEAVERK T % % (Table 9).

Table 9 [Process 2.5] on $(path)/
Data/Africa_ldeg/FIGrads/

$ grads

$ yes

ga> drawall.gs

2.6 [EBHENT—2 DIER
$(path)/Data/Africa_ldeg/forcing/ LD A 7 V) 7 |,
“script_forcing.csh”% 4T L, [Precess 2.6-1]IZ £ ¥ K

Gkl )17 — ¥ % VR T % (Table 10).

Table 10 [Process 2.6-1]
on $(path)/ Data/Africa_ldeg/forcing/
§ /script_forcing.csh > log.forcing &

$ tail —f log.foricing

2.5 GradsZAWLV-HIRE/NT A —2 DEE
$(path)/Data/Africa_1deg/FIGrads/ - "C, Grads A 7 U
FREFTTHZET, F LT — 2 ZFl§ 5.
BTOEEAZ Y 7 M, “p_target.gs”, “p_project.gs”,
“p_header.gs”% = DN THEITI 5. “p_target.gs”
IZEBE IR Z EFKT D . “p_project.gs”IT/EH R & A
V% TEF%T D (shaded Hgrfill, map O = fRR AL %),
“p_header.gs”l%, Grads L COEEFHMAEZ EET H.

ZOAZ VT MKV RITEND T 0T T L,
$(path)/Data/Africa_ldeg/forcing/define_force.in% A >/
IJN—=RTZ7A40ELTHAERY, FEITT5.
[Precess 2.6-2]I121XZ DA 7 — R 7 7 A LVOHNRE
L LTV D2y, EER RT3k ES D
ek, FIMT2BKET -2 4RINTLH2LTH
% (Table 11). Zdh, BEOBKET —X #{Ek LT
SiBUCIZ K 0 T35 Z L bk D.

“script_forcing.csh” % 2479 2 AT, [Precess 2.4]
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!

Table 11 [Process 2.6-2] To edit $(path)/ Data/Africa_ldeg/forcing/define_force.in

integer isy,iey

parameter ( isy=1979,iey=1999 )

!

! available from "1960" to "2006"

parameter ( opt_precl =1)! (*) GPCCv6

parameter (opt_prec4 =1) ! (*) GPCP_v1.2
!

! Precipitation Data ( 0:do not make, 1:make, (*) template )

real opt_prec,opt_precl,opt prec2,opt prec3,opt precd

parameter (opt_prec2 =1)! (*) GPCCv6 & APHRODITEv1101
parameter (opt prec3=1)! (*) GSMAP_ MWR

D“paraset.sh” N5 T SN TRITNITR LN T LT
BEIhZW., JURRKKERE, EEERAET 2K
Seafiihl ) & NIRRT D BRI I1L, “paraset.sh”|Z & 0 1ERK
SNDERT —FE2HETHHTHD.

2.7 KETRHW:=T—%

ARETIL, RIERORERT — % 5 G AERR L 725t 548
WMOMEENRT A= 2T H5FIEELHHA L. &
B2 DX, “$(path)/Data/Africa_ldeg/src/paraset.sh” T
FITEND, 450707 T LThDH. TNENLDOTS
12277 hORTNE & MENTIEFT (X Table 12(278 &4
5. Filo, KETHERENZHRET — X122 T
{[ITable 13ICF & Oz, ANT—=FDIERET LT Y X
LvIATIE, Table 1BIZE & DT —Z 2 HNTWD
B, SHLIRCTREINLIMERT — ¥ DIFRE
XY v FT7T T LoD, B - BWRET>THLT
ETHDH. KEBOERRFHIZRWTS, 2EKifE -
W 1 # X (Global lake and Wetland Datasets: GLWD;
Lehner and Doll, 2004)D> T — X & ANJ17—4% L LT

B ATe~<, fEEEZTo>TWV5D.
AEIZHWZKRBH T —212o0T, Bk
T — X 22 C X Tabal 14(Z, Hirabayashi et al .
(2008) & W H 72 5 — Z 25\ TldTabal 1512,
JRA25X W W72 F — Z 12D TidTabal 1612 % &
W= BKET —# D55, APHRODITEIZ DWW\ Tl
F=ADEBELNR VL —F T KR LA T
GPCCOBEKREEZ A WTHEKET —# ZEK L T
5.

2.8 RETHERLET—4
AECERENEZT 2D b, EIBETHRND
SiBUCOEHTIZANWTHWSBN ST —ZIZ OV T
HzEmz 5.

(1) HhFRE/IANTA—4

TER S NIRRT/ T A —H% D H B, Table 171271
INBT —ZNSIBUCOFENTICHWSLN S, BIED
SiBUCv1.01(ZTable 18IZ/R S5 & 5 IC19FH D
HMWBEHF > TV DE. TOFR T, HEREIT

Table 12. The purpose of programs processed in “./paraset.sh”

$(path)/Data/Africa_ldeg/src | Purpose

Order

landmask.f

classfmake.f

soilmake.f

addmake.f

To generate land masking data (whole lands) using GLCC v2 1
To generate class fraction (land use) data using GLCC v2 and MIRCA 2000 2
To generate soil physical and agricultural parameters using satellite NDVI ,
GTOPO30 and ECOCLIMAP

To generate country masking data according to FAO’s definition 4

Table 13. The global land surface data sets processed in “./paraset.sh”

Name Data Spatial Resolution Provided by
GLCC v2 Global land cover 30sec = lkm U. S. Geological Survey
GTOPO30 Global elevation 30sec = lkm U. S. Geological Survey
MIRCA2000 Global irrigation and crop map Smin = 10km Portmann et al. (2010)
NDVI 10 day composite NDVI 1km Spot-Vegetation
ECOCLIMAP Global soil and vegetation parameters 30sec = lkm Meteo-France
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Table 14. The precipitation data sets processed in “./script_forcing.csh”

Name Period  Area  Timeresl. Spatial resl. Produced by Reference
GPCC_v6 1901- Global  monthly 0.5 deg. Observation Rudolf et al. (2010)
GPCP_1DD vl.2 1997-  Global daily 1.0 deg. Obs. and satellite  Huffman et al. (2013)
APHRODITE v1101 1951-  Eurasia daily 0.25 deg. Observation Yatagai et al. (2012)
GSMaP_ MWR v4.8.4 [ 1998-  Global hourly 0.25 deg. Satelite Ushio et al. (2009)

Table 15. The meteorological data sets provided by Hirabayashi et al. (2008) processed in “./script_forcing.csh”

Meteorological forcing Unit Time resl. Area Spatial resl. Period
Short wave radiation W/m? daily
Long wave radiation W/m? 3 hourly
o o ) Global 0.5 deg. 1951-
Specific humidity kg/kg daily
Surface temperature K 3 hourly

Table 16. The meteorological data sets provided by JRA25 (Onogi et al., 2007) processed in “./script_forcing.csh”

Meteorological forcing Unit Time resl. Area Spatial resl. Period
Atmospheric pressure Pa
Wind speed m/s
. o 6 hourly Global 1.25 deg. 1979-
Specific humidity kg/kg
Surface temperature K

Table 17. The generated data sets which are used in simulation in SiBUC. “**” is determined by cname and cresl which

are defined in “define.in”.

$(path)/Data/Africa_ldeg/out_basic/ | Data Dimension
AREA_**.bin Area of each grid (km?) mx * my
ClassFrac_** MIRCA-GLCC.bin | Class fraction data for 19 land cover type mx-my- 19
cropstage **.bin Crop stage data for irrigated cropland mx - my- 36
Mask_**.bin Land masking data mx-my
Nc_**.bin Vegetation fraction mx-my-15*36
Soil **.bin Soil physical parameters mx-my- 11
SPOTLAI **.bin LAI (leaf area index) generated by NDVI (m?*/m?) mx-my-15-36
Ve **.bin Greeness fraction mx-my-15-36

MIRCA2000D F — % Z W TTEMIZ /S S T
bhTWwWa. —7J, LAI(“SPOTLAI **bin”)=°,
vegetation fraction (“Nc_**.bin”), greeness fraction
(“Ve_ **bin”)DREA /N T A — X%, {EpfizfbT
FEREEH e L C—MEIEREN20ATHD. ML
RT A —H %, ECOCLIMAP%Z i\ ClkmT — & 7 b
BT 25 b 00, BEIkmREFE CIESD YR %
BT BT —Z BEFEE LRV, TO®, SiBUCD
FRMTClE, & TOEMEDICE CHEAENRT A —H 03
5z TW5b. 728, **|I“define.in” CEHZ L7,
HEI 4 (cname) & fFAG L (cres) TIRE &5 .

SIBUCTHWOL LD LHEWHE X T A — & [XTable
IR END. fE55E - Al DT — Z [TGTOPO30L ¥,
ZNLIS DT — & (25U TIZECOCLIMAP > 5 1ER%
EhTw3.

TR O BB 5 — ¥ (“cropstage_** .bin”)IL, &

ENDVIZ VT RERIIFFITIC L DR S LD . REL
WER T IEIZ DWW TR, /M B (2012125 L < ik &
ncTna.

TERL S LT MR X T A — & OIERE 7 7 A LD
% Fig.4lZ7~r7. Fig.da-1, 4a-21TF N Z 4, grassland
ERFEMEMBBEROLER A E R LTS,
Fig.4b-1, 4b-2ixz N Eh, HHHRS ERHIBEO 2K
3R LTS, Figde-l, 4213 Zh, 1H1
HETHIRIZR T 2R BEMOIEMLETAT =20
SRS EZRLTWAD. FigdTiE, ERSNEZT—
X EEKSMAIE®REL TR L LD,
“$(path)/Data/FIGrads/draw_all.gs” % 51T L 72 B2,
“$(path)/Data/include/define.in” C & & X A1 7= fHIK O E
W77 A VREHRTED.
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Table 18. The generated class fraction data used in SiBUC

simulation. 19 land cover type is included, currently.

Data

1. Urban Canopy

2. Water Body

3. Broadleaf-evergreen trees

4. Broadleaf-deciduous trees

5. Broadleaf and needle leaf trees
6. Needleleaf-coniferous trees
7. Needleleaf-deciduous trees

8. Short vegetation/c4 grassland
9. Broadleaf shrubs with bare soil
10. Dwarf trees and shrubs

11. Farmland (non-irrigated)

12. Paddy field (non-irrigation)
13. Paddy field (irrigated)

14. Spring Wheat (irrigated)

15, Winter Wheat (irrigated)

16. Corn (irrigated)

17. Soybean (irrigated)

18. Cotton (irrigated)

19. Other crops (irrigated)
(20) | To be added

(2) K[EBHAT—4

K[REHRH J11%, SIBUCOBITICHKIE L 7 D73
(FEoK « KO« B ECHE - RIS - iR - RRE -
BAE)SER SN D, ZOHFTH, REmEBEMAITIZK
ERWBEGZDBAKT —ZIZONWTHHAZMZ 5.

Meok 5 — Z 1%, Table 141 RENT- & HIC
GPCC_v6, GPCP_1DD v1.2, GSMaP_MWR v4.8.4,
APHRODITE v1101047 0 %7 N HBFHAFRETH 5.
GPCC & APHRODITE |3 #t_I- 81 K 82> & 22 [E] PN i
WEWIEEhi=7 e &7 v Thb. GSMaPiE,
BEHE®LSER SN0 &2 hTH 5. GPCP
R R BN K A ERRE K ECHIE LT e
27 RN ThHD. HKKTa s N OEEEEKED
AEROYA Z Fig. SICAT. b KEREWIL, #ES
HIE % VTV 5 GSMaP & GPCPIL#E ECTH T —
AEB/BLNDETHD. BECHOTE, KGN
IR LT D, BAKEOZ VMU TIE, KBKk7os
7 FAFE UM AZ R L TWAS, LaL, Fig 612577
LI HIE T RIZIRE, #BKET 7 H 7 FOEN
B LN/ 5. il x1X, GPCC% APHRODITE!L3:
BRI K R EZ I L TER ST n ¥ 7 R Th
B8, HEET VT IO % ETCIE250mm/year L D
EWAH TV D (Figba-1). 727 hORLEL
ZwmTOEIIE LW, =P —L LTHBRAKE

Ta s NBARMFEEEAR LTV D FEE BT 5%
ERDD.

k&7 v &7 b ORMEIENTE M ETICE 2 %
% U 7= Fekete et al. (2004)1%, LI T OFEICHEE
LTW5.
—BKRENRT X VAR E Y 105 RiEE T
I, BAKBEOZEITIFIEELIMHBEREOZEL LTK
Mg, MHEZIBRKELRELTCEZOEAR
DI, FEIC L VBEEREL D,

— Vit 7 1 ' A DBV IERR I M % R0 L gk T,

BekEOZEZ, MHT2EE L CXiE#EICkL
T/hASVWEE LTRBEND. LAL, 7 e
T AOIEBBHEIC LY, HICTEEERLY b
REWFREOENKET D,

— KN IRIFIC L > TIF & A CHHEARA LV

BEIRCIE, BKBOZEIFHEOZEE L CiTm

Enen. ZLOBKEDET, BICEARRKED
BN A LTHRIRERD.

Fekete et al. (2004) D43 DRI, MRIBEIZ A E
TAHMET VT T, BEKREOEWIERE BRI
7B E 5 2 3 (Fig. 6b-1, 6b-2), FHEDE WL
LTSN D Z &35 h 5 (Fig. 6¢-1, 6¢-2). T Dz
W, BAKEE LTOENNIWHETH (B 21X10%
FRE) , MiEE L ik k&pEL LOHIFS
NAZLICHEETHAVNERDS. ZoMEmE, FH
RO/NS RFHIE CBEEICR D,

3. SiBUCIZ & 2T FIR

AT, H2E T L iR EHT — 4 2 AT,
SIBUCIZ L Y fiftr 9~ 2 FIRA AT 5. 7ok, 314
TSR KTIRTT - KWL > 5 —DF — 4
F—= "=, nas27EBELca~vr FeEd, S
BEEO 2 —F—ICx LTI, F2RosTatR, K
U[process 3.1]1% 1T - =% OBRENEM I S L 48
EENBHDT, [process 3.2 LA % FiA i TIHWNT
RIEEZ .

3.1 ZFDSIBUCTA LY FDIE—

AT DSIBUC/N— 2 %, [Process 3.1]D 2~
K% 32474 % T2 v —3 % (Table 20). DATEIZ
SiIBUCDOT 4 V7 NIRRT —hA 7 EINHf%.
BEHRT 2. #7074 17 NUAIE, =—F—»H
HICRETE 275, il - g E - SIBUCDO/N—Y
a UERAETREH T2 FEREE L.
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Fig.4. Several example figures generated by Grads. Figures (a-1) and (a-2) show class fraction data for grassland and
all irrigated cropland, respectively. Figures (b-1) and (b-2) show total soil depth and porosity, respectively. Figures

(c-1) and (c-1) show growing stages of irrigated cropland on January 1 and July 1, respectively.

Table 19. The generated soil physical data sets used in
SiBUC simulation.

Table 20. [Process 3.1] on $(path)/
$ cp -r $(SiBUC_dir)//XXX_SiBUCv1.01_DATE

Data J/SiBUC_Africaldeg v1.01
1. root depth (m)
2. soil depth (m)
3. clay fraction of soil texture .
4. sand fraction of soil texture 3.2 5473 Unazviq
5 porosity SBUCDO Z A4 7 F Uk ar AL 52D,
6. wilting point $(path)/SiBUC_Africaldeg v1.01/lib/ DT ¢ L 7 |k
7. | field capacity U T [Process 3.2]D 21~ K% 517§ % (Table 21).
8. B power of Clapp Hornberger
9. soil type
10. Topography (m)
11. Slope (m/m)
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Fig.5. Mean annual precipitation of (a) GPCC, (b) GPCP, (c¢) APHRODITE, and (¢) GSMaP from 1998 to 2004.
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6. Difference in mean annual precipitation (a-1, a-2, a-3), simulated evapotranspiration (b-1, b-2, b-3), and

simulated runoff (c-1, c-2, c-3) from 1998 to 2006. Units of every figure are mm - yr-1.The results using APHRODITE
minus that of GPCC are shown in a-1, bl, and c-1. The results using GPCC minus that of GPCC are shown in a-2, b-2,

and c-2. The results using GSMaP minus that of GPCC are shown in a-3, b-3, and c-3.

Cold color means

precipitation, evapotranspiration, and runoff using GPCC are higher than other precipitation products.

Table 21. [Process 3.2]
on $(path)/SiBUC_Africaldeg v1.01/
$ cd ./lib/sibuc/
$ make clean
$ make all
$cd ../ssl2/
$ make clean
$ make all

3.3 MBHMBE AT 3 DRE

fRATERE - A7 v a i,
“OPTION_OUTPUT.in”, “OPTION_SIMULATE.in”®3
DDT 7 ANCELSoTERSIND., ZNLHDT 7 A

“define_input.in”,

VX, “$(path)/SiBUC_Africaldeg v1.01/src/” 128 % .
FENT - AT a VRED DL, EBEARRICHIZN
z5.

M7 — & VERIZ B L 72 “define.in”i%, 2 2 T
LIt ENEH &S, “define.in”~Dpath°, AJJ
& DREGREI S1E, “OPTION _SIMULATE.in” C/E
F I N 5 (Table 22). BAFEE b O — AR MRHT CTIZ,
KR - RO - B - IR I X Hirabayashi et
al.(2008)7 —# A L, KKE « BT — ¥ 121X
JRA2SZ VT 5. BEAKET —ZIZo0nTiE, &
DFa LT NREWIINE WD RN EE L W20,
EREOMTEEDOT 2 ZHWTERT L Z &N
HELNWEEZTND.

it oo ) E# 1%, “OPTION_OUTPUT.in” T 5
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ENnb. LnL, SiBUCHEHAMTHIAT AR ICE
WTI, 2077 ANEBEETDILETRN. Z0
I a T A, JFRITII - BFKH - AE
MREET NV EL T VAT EEBEL,
ZOBEORZT U N Ty NEEET 572D
LTW5.

fRITHIR - 20 F v 7 - EAETFTLOF S 3

ETAEAOAMDHIGRTE D,

3.4 SiBUCGHEMDELT

R E « A S a v EBELEZ ET,
3S5|Da~vwr REFETLTary AL, #EE2EST
3 % (Table 24) . SiBUC ® fi# #7 #& £ 13,
$(path)/SiBUC_Africaldeg v1.01/output/iZ 7] S 41 5.

[Process

“1%, “OPTION_SIMUKATE.in” C/E# & 71 5 (Table
23). Ay THIRIE - R3EL BN EE L
WS, BRI ENL EoR Y Sy SR E
Db H L. SIBUCITEFEORKEH - kAT
> 7 CRESTARTHHE DX DREE T 7 A L&)
T5. AT v THIEE0E LIZGAE, T e4eE
ORERERD LT ZHHET 22 N ks. HaT
FNA TV a oL, 5BOA T A URS
W THRIREN 2 D FPECTH D, BT, #EM

Table 24. [Process 3.5]

on $(path)/SiBUC_Africaldeg_v1.01/src/
$ make clean
$ make all

$ ./sibuc.exe > log.simtest &

$ tail —f log.simtest

Table 22 [Process 3.3] To edit on $(path)/SiBUC_Africaldeg_v1.01/src/define_input.in
!

Path to the “define.in”

1--> definition of the input directory
character dir*28
parameter ( dir = "../../Data/TEST Africa ldeg/)

include '.././Data/TEST Africa ldeg/include/define.in’

!

I--> definition of the forcing file and time step Definition of meteorological forcing

character fnuml1*14, fnum2*11, fnum3*11, foum4*11, fnum5*11
character fnum6*13, fnum7*13

integer instpl,instp2,instp3,instp4,instp5,instp6,instp7

integer irecf(7)
parameter ( instpl = 1, fnuml = 'Preclhr GPCCV6') ! Precipitation
parameter ( instp2 = 3, fnum?2 = 'tair3hr HO8' ) ! Temperature

! Short Wave Radiation

! Long wave Radiation

parameter ( instp3 = 24, fnum3 = 'ssrdldy HO08' )
3, fnum4 = 'slrd3hr HO8' )
parameter ( instp5 = 24, fnum5 = 'qairldy H08' )
6, fnum6 = 'wind6hr JRA25')
6, fnum7 = 'pssfohr JRA25')

parameter ( instp4 =
! specific humidity
! Wind speed

! atmospheric pressure

parameter ( instp6 =

parameter ( instp7 =

!

Table 23 [Process 3.4] To edit on $(path)/SiBUC_Africaldeg v1.01/src/OPTION_SIMULATE.in
OPTIONS SIMULATION

1--> simulation perio

integer isy,iey,nspin
double precision dtx
=1979, iey = 1999 ) ! from isy to iey
=3

=3600.

parameter ( isy
parameter ( nspin ) ! spinup X years, and 0 for restart
parameter ( dtx ) ! calculation time step of LSP (default is 1 hour )
1--> model setup

integer opt_irrg ! default is 1

parameter (opt_irrg =1 ) ! Irrigation 0: not included, 1:included
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4. FHEHROWLE

AT, E3ROMTICL VD EShi=7 741
DORFW R MH B2 RAT 5.

4.1 [URMEREFEFE
SiBUCIZ X v fighr s iz, HEEDOAT v F S v
R, [Process 4.1]D =t~ > K& FE{T 5 Z & Cfiftr
W OKEEME & L THEICEH S5 (Table 25). &
a2 H 9 5 I, “monanal.f?dD -~ v ¥ —E4y
TEFZINTWVDS.

Table 25. [Process 4.1]
on $(path)/SiBUC_Africaldeg_v1.01/output/
$ ifort monanal.f -0 monanal

$ ./monanal

B LR 2 El 3 5 %, GradsdD A7 U7k
ZHEfE LT\ 5. [Process 4.2|D a2~ REFEITT D

SWnet(1yr) Present Climate
I
,“nw
\

LWnet (1yp) e ... e (1yr) Present Climate

T, SIBUCD /) 7 7 A L % {El T % (Table 26).
ay ha—L7 7 A IO TIE, “monanal.f’H T

HEMER SN D72, =2—F—HE CHHET IHLE
= AN

Table 26. [Process 4.2]

on $(path)/SiBUC_Africaldeg v1.01/output/
$ cd /elim/

$ grads
$ yes

ga> sibuc_project.gs

“sibuc_project.gs” »3 SiIBUCHiE AT K &6 & /EW 9~ %
A7 VT NEMRD. 70, [Process 2.5] & [FIERIZ,
“p_target.gs”, “p_project.gs”, “p_header.gs % /] 5 i
WAEDETEBIETALEND D, £z, IR
T 7 %)V N T, “sibuc_project.gs”IF4E -1 - AR E
DHEZMEBT DI IECRESNH TV D.
“sibuc_project.gs”H D, ADONL—TZH1HNMHI12HIC

(1yr) Present Climote Q (1yr) Present Climate
R

I
s

Snow (1yr)

RadT (1yr)

© ——
T E

———
N EEEEEELE]

o —
2 B e T
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Fig.7 Sample figures of twenty-five variables simulated by SiBUC over the entire African Continent.
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Table 27. Twenty-five visualized variables with “project_sibuc.gs’

1l

Name Variables Unit
1. Swnet Net short-wave radiation W/m?
2. Lwnet Net long wave radiation W/m?
3. Qle Latent heat flux W/m?
4. Qh Sensible heat flux W/m?
5. Qg Ground heat flux W/m?
6. Snowf Snowfall mm/m?
7. Rainf Rainfall mm/m?
8. Evap Evapotranspiration mm/m>
9. Roff Total runoff (= surface runoff + base runoff) mm/m?
10. Qsb Base runoff mm/m>
11. RadT Radiative temperature K
12. Albe Albedo -
13. SWE Snow water equivalent mm/m>
14. Surfs Surface storage mm/m?
15, SM1 Soil moisture of the 1st layer
16. SM2 Soil moisture of the 2nd layer -
17. SM3 Soil moisture of the 3rd layer -
18. ST1 Soil temperature of the 1st layer K
19. ST2 Soil temperature of the 2nd layer K
20. RTmax Maximum radiative temperature K
21. RTmin Minimum radiative temperature K
22. Win Irrigation water requirement (7 withdrawn water) mm/m?
23. Wout Drained water from irrigated cropland mm/m?
24. WR Water resources = Rainfall + Snowfall — evapotranspiration mm/m?
25. Rrate Runoff rate = Total runoff / (Rainfall + Snowfall ) -

THZET, FATEOEELIERT L2 & HK
L. ZOAZ VT MY EE SN DAL, Table
NTE L O OND. 1-23FDEHIE, SIBUCH S )
ENT-EHTHD. 24, 25%& H DE% (WR, Rrate)
IXSiBUC @ t J1fE /> & “sibuc_project.gs” ' THHEHE L
TbDThD. 208, KR - ZRFHRESEOHEAIL,
SiBUCIZkg/m*s THAH L TWANR, 227 Y7 hhT
86400% 3 I Tkeg/m? (mm/m?) & L CTIEE L TW5.
7 7V A R EEAAZ Y U T sibuc_project.gs” C /E ]
L 72257 8% Fig. T\2R ¥, Fig. WR SN D 1EH 7 7
ANV, T74NVINRECTEER L2774V THDY,
“sibuc_project.gs” 1 Dclevs, cclosZE DFIH - 2 2 ¥
THIET, AEVRIEENO L Y FIZOWNT
EHEFTDHIENARETH D.

4.2 JKINZ AT

SiBUCD 717 7 A /L &5 O KIS ARHT 0 i1
DOWCEIAT D, ARE CTORIMITIE, 225 fEk
DKW & FH5 3 5 (Fig.8). [Process 4.3]D =2~ K
ZEITTBHHET, SIBUCOH D7 7 A AnHD I A

I 2 AT % F2{T C & % (Table 28).

Table 28. [Process 4.3]

on $(path)/SiBUC_Africaldeg_v1.01/output/
$ cd ./wbcheck/
$ ./both_ym.csh

ZOARZ VT MIEY, B, KT, AEOKIL
XM N FEAT T E D . R AR T,
$(path)/SiBUC_Africaldeg v1.01/output/wbcheck/gnu/
W4T AF =T 74 ELTHDEIND
“wb** anual.txt” & “wbAfricaldeg_month.txt” T Gt H.fiL
T, “mm_wb** anual.txt”, “mm_wbAfricaldeg_month.
txt I ImmEAL TH A I NS, T 2T, **I“define.in”
TEF L7, 4 (cname) & fRAG FE (cres)) TIRE &
o, Hh7zrAanizid, #EHo% (HHAa0 7
7 A ML, F e A - 19004 B OFER A F MO %)
W2, UTOMlHRPTEINTNS.

[1] WB: KL

[2] Prec: FE/K=:

[3] Evap: 7E7%& W&
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(b) MEKONG (MUKDAHAN)

(C) IRRAWADDY (sAGAING)
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Fig.9 Annual runoff from 1979 to 2006 in the upper basin stations at (a) Nakhon Sawan in the Chao Phraya River, (b)
Mukdahan in the Mekong River and (c) Sagaing in the Irrawaddy River. Black bars, blue lines, purple lines, red lines,

green lines, and orange lines represent observed river discharge, simulated runoff using GPCC, GPCP, observed
precipitation (K12), APHRODITE, and GSMaP_MWR, respectively.

catchment

Fig.8 Schematic image of water balance analysis over
certain catchments.

[4] Roff: Vi HH &

[5] TWS: HiZR /K & (total water storage)

[6] ATWD: HizR itk &2 4k

HALZWF RS, SRR EGH, L <E, s
EHEmMm) TH D, 2B, KA ¥ a2 DRoff K 'WB
U TFOXTEHEIND.

Roff; = Os, + QOsb, (N

WB, = Prec, + Win, — Evap, — Wout, — ATWS, (2)

ZIZT, FEHOBEWRIITable 27 Rk TH D, HiE
T I 7K S (TWS) I, THE/K 4y B0 M5 « 1 A i Iy &
1B - KH 7R EOMFBHKEOKRMTHS.

FEE - W 28I, T 7 44 b T[Process
24| TIERL ST, TR L TWnWD. =2 —HF
— B x4 LT MBS OEKE~Y AT 2 AF
9 AR, [Process 4.3| CULEL XN D T 1 /T ADHE
BIAB<T AT T —H L ANERZ DT LT, Roffid Bl

i L T 5 2 AR D. Bz X, Fig9iTm
TITOFNNNT, BigDHBAKET 0 X R E T
fEMT SRR L, BERELZHK L7260 TH
%, RETHEP U KIS AT 0 B b — 9 72 s A
1%, Fig.9D#kiZ, SiBUCTEE S Hu7z it Hi i & 8
RS T 22 THD.

£
a

5. %4

=011

AKEFTIX, SiBUC Manualfl] fAfEverl.0& L T,
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