Appendix A:

program list of Sim-CYCLE

Sim-CYCLE is coded in C-language, in conformity with the ANSI grammar, so that the code

is compatibly executable on many platforms, e.g. UNIX workstations, Macintosh, and

Windows machines. The code is divided into 22 files: 2 header files and 20 source files,

header files: prototype.h
structure.h
source files: allocation.c
assimilation.c
calc.c

cultpro.c
ecophysiology.c
forestpro.c
EIasspro.c
hydrology.c
init,c

littrefall.c
location.c
main.c
parameter.c
phenology.c
phytogeo_c34.c
publish.c
radiation.c
respiration.c

soilpro.c

vegetdeal.c

{prototype declaration)

(definition of structures)
(allocation scheme)
(photosynthetic assimilation)
{(biome-specific calculation scheme)
(processes in cultivation area)
(single-leaf ecophysiology)
{processes in forest ecosystems)
(processes in grassland ecosystems)
(hydrology subscheme)
(initialization of simulation)
(litterfall)

(environmental conditions)

(main flow of simulation)
(biome-specific parameters)
(phenological cycle)

(C,/C, composition in grassiands)
(output results to files)

(radiation subscheme)
(autotrophic respirations)
(processes in soil carbon pools)

(miscellaneous codes)

These files should be compiled and linked into an executable file, using platform-dependent

procedures. For a simulation, a suite of climate, plant, and soil dataset is essential.



prototype.h

r* Simulation model of Carbon ¢YCle in L.and Ecosystems *f
> Developed by A.lto in University of Tsukuba *
* Last updated Aug.01, 2000 *
* Version 1.5.0 for Olson Biome Map */

F% DEFINITION of universal constants e/

#define dTr 0.0174533 /* angle conversion, from degree to radian */

#define /Td 57.29577951 /* angle conversion, from radian to degree */

#define Pl 3.141592653 ** pi */

#define cdTec 0.272727 /* from CO2-base to Crabon-base *

#define dmTe 2.2 /* from dry-matter-base to Carbon base ¥/

#define ¢cTdm 0.4545 /* from dry-matter-base to Carbon base ¥/ '
#define ITs (3600.0%12.0/100000000,0) /* from micro-mol m-2 s-1 to Mg C ha-1 day-1*/
#define ZAT 273.15 /* zero degree centigrade in absolute temperature */

#define YES 1
fdefine NO O

frrosonoey PROTOTYPE declaration of user-defined funclions #ee/
/= see struct ure.h for definition of struct ures */

[0 INITIALIZATION +eexf
void initSim(struct Gehar *grid); /* init.c */
vold inltG{ FILE *fp_r[4], struct Gehar *grid); /* init.c */
void initC(struct Gchar *grid, struct Gecon *loct,

struct Bmas *mass, struct Echar *ecosystem); /* location.c */
void initL(struct Gehar *grid, struct Geon *loct,

struct Bmas *mass, struct Echar *ecosystern); /* location.c */
void InitGCM( FILE *fp_c[2], struct Gehar *grid); /* in init.e*/

void dynmel.{struct Gehar *grid, struct Geon *oct,
struct Bmas *mass, struct Echar *ecosystem); / ocation,c *f

feenkx G EARANCE *oef
void clear( struct Gehar *grid, struct Geon *loct, struct Echar *ecosystem,
struct Bmas *mass, struct Cflx *flux}; * init.c ¥/
vold plant_flux_zero{leng month, struct PfIx *flux}; /* vegetdeal.c */
void vanish(struct Bmas *mass, struct Cflx *flux); /* vegetdeal.c */
void vizero{struct Gehar *grid, struct Pmas *mass, struct Pilx *flux); /* vegetdeal.c */

ek RADIATION *eekf
double sl_dec(struct Gehar *grid); /* radiation.c */
double dlen(struct Gehar *grid, struct Geon *loct); /* radiation.c */
double top_rad(struct Gehar *grid, struct Geon *loct); /* radiation.c */
double gl_rad({struct Gehar *grid, struct Geon *loct); /* radiation.c *
double par{struct Gehar *grid, struct Geon *loct); /* radiation.c */
double sl_hgt{struct Gehar *grid, struct Geon *loct); /* radiation.c */
void net_rad(struct Gehar *grid, struct Geon *loct,
struct Bmas *mass, struct Echar *ecosystem); /* radiation.c */
double albedo_soil(struct Gehar *grid, struct Geon *loct, struct Schar *soil); /* radiation.c ¥/

[ MASS & PARAMETERS INITIALIZATION #eeks)
void initVS(struct Gechar *grid, struct Geon *loct,
struct Bmas *mass, struct Echar *ecosystem); /* init.c */
vold InitC3( struct Gehar *grid, struct Bmas *mass); /* init.c
vold InitC4 (struct Gehar *grid, struct Bmas *mass); /* init.c */
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vold initSoil{struct Gehar *grid, struct Bmas *mass); /* init.c */

void parameterC3( struct Gchar *grid, struct Pchar *¢3}, * parameter.c */
void parameterC4( struct Gehar *grid, struct Pchar *c4); [* parameter.c */
void parameterSoil( struct Gehar *grid, struct Schar *scil): /* parameter.c */

o PHYTOGEOGRAPRY *#e4/ i
void c34composition(struct Gehar *grid, struct Geon *lact); /* phytgeo_c34.c %

[ HYDROLOGY #hwex

void waterbudget(struct Gehar *grid, struct Geon *|oct, struct Echar *ecosystem); /* hydrology.c */
double air_density(struct Gehar *grid, struct Geon *loct); /* hydrolegy.c */

double vap_pre_sat(struct Gehar *grid, struct Geon *oct); # hydrology.c */

double slope_vps(struct Gehar *grid, struct Geon *loct); /* hydrology.c * '

double r_aero(struct Gehar *grid, struct Geon *loct); # hydrology.c *f

double pm_evaporation{struct Gehar *grid, struct Geon *loct); /* hydrology.c *

double pm_transpiration(struct Gehar *grid, struct Geon *loct); /* hydrology.c */

-

e+ ECOPHYSIOLOGY *rieyy
vold ecophysiclogy(struct Gchar *grid, struct Gcon *loct,

struct Pchar *plant, struct Pmas *blomass); /* ecophysiology.c ¥/
void incel_cdc{struct Gchar *grid,struct Geon *loct, struct Pchar *plant); /* ecophysiology.c */
void quantum_yield{struct Gehar *grid, struct Pchar *plant ); /* ecophysiology.c */
void opt_lai(struct Gehar *grid,struct Geon *loct, struct Pchar *plant); * ecophysiology.c */
double lai_mass( struct Pmas *mass, struct Pchar *plant); /* ecophysiology.c */
double Irr_atin(struct Gehar *grid, struct Geon *loct, struct Pehar *plant); #* ecophysiology.c */
void qten_ar(struct Gehar *grid,struct Geon *oct, struct Pchar *plant); /* ecophysiology.c
void spcfc_res_mass(struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *biomass); /* ecophysiology.c */
void mortality(struct Gehar *grid,struct Geon *loct, struct Pchar *plant); /* ecophysiology.c */
void stom_cond(struct Gehar *grid,struct Geon *oct, struct Pchar *plant); /* ecophysiology.c */
double canopy_cond( struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *biomass); /* ecophysiology.c */
void pc_sat(struct Gehar *grid, struct Geon *loct, struct Pchar *plant); /* assimilation.c */

[ PHENOLOGICAL CYCLES #/

void growthperiod(struct Gcehar*grid, struct Geon *loct, struct Pchar *pchar); # phenology.c ¥/

void phenology(struct Gchar *grid, struct Geon *loct, struct Pchar *pchar); /* phenology.c */

void phenology_evergreen(struct Gehar *grid, struct Gicon *oct, struct Pchar *pchar}; /* phenology.c */
void phenology_colddeciduous(struct Gchar *grid, -strust Geon *loct, struct Pchar *pchar); &
phenology.c */

void phenology_ariddeciduous(struct. Gchar *grid, struct Gcon *oct, struct Pchar *pchar); /*
phenology.c */

void phenology_bareland(struct Gchar *grid, struct Geon *loct, struct Pchar *pchar); /* phenology.c */
void phenology_grass(struct Gehar *grid, struct Geon *loct, struct Pchar *pchar); /* phenology.c */

vold phenology_agriculture(struct Gehar *grid, struct Geon *loct, struct Pchar *pehar); /* phenology.c */

ok G FLUXES #rersf '
double fgpp{ struct Gehar *grid, struct Geon *loct, ,
struct Pchar *veg, struct Pmas *mas}; /* assimilation.c */
double frim( struct Gchar *grid, struct Geon *loct, _
struct Pchar *veg, struct Pmas *mas); /* respiration.c */
double frig(struct Gehar *grid, struct Geon *loct, :
struct Pchar *veg, struct Pmas *mass, struct Pflx *flux}, M respiration.c ¥/
double from({ struct Gehar *grid, struct Geon *oct,
struct Pchar *veg, struct Pmas *mas); /* respiration.c */
double freg( struct Gehar *grid, struct Geon *loct,
struct Pchar *veg, struct Pmas *mas, struct Pflx *flux}; /* respiration.c */
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double frrm{ struct Gehar *grid, struct Geon *loct,
struct Pchar *veq, struct Pmas *mas); /* respiration.c ¥/
double frrg( struct Gcehar *grid, struct Geon *loct,
struct Pchar *veq, struct Pmas *mas, struct Pflx *lux); /* respiration.c */
double fif( struct Gehar *grid, struct Gean *loct,
struct Pchar *veg, struct Pmas *mas); /* litterfall.c */
double flo( struct Gehar *grid, struct Geon *loct,
struct Pchar *veq, struct Pmas *mas); /* litterfall.c */
double fir{ struct Gehar *grid, struct Geon *lodt,
struct Pchar *veg, struct Pmas *mas); /* litterfall.c */

void allocation(struct Gehar *grid, struct Pchar *pchar,
struct Pmas *mass, struct Pfix *flux}; /* allocation.c */
void intrabal(struct Pmas *mass); / allocation.c */

double frl{ struct Gehar *grid, struct Gicon *loct,struct Schar *soll, struct Smas *mas), # soilpro.c */
double frh( struct Gehar *grid, struct Geon *loct,struct Schar *soil, struct Smas *mas); /* soilpro.c */
double fsf{ struct Gchar *grid, struct Geon *oct,

struct Schar *soil, struct Smas *mas, struct Sflx *flux); /* soilpro.c */

void npp_empirical{struct Gehar *grid, struct Geon *loct, struct Cflx *flux); /* assimilation.c */

feerrk DEALINGS *vt/
veid beforedeal( struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pilx *flux); / vegetdeal.c */
void afterdeal{ struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pflx *flux}; /* vegetdeal.c */
void plant_stand(struct Gehar *grid, struct Geon *loct,

struct Bmas *mass, struct Ciix *flux); # vegetdeal.c */

P CROP CYCLES *+++/
void planting( struct Gehar *grid, struct Geon *oct,

struct Pchar *plant, struct Pmas *mass, struct Pfix *flux); /* cultpro.c */
void harvesting( struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pflx *flux); /* cultpro.c */
void Interval( struct Gichar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pfix *flux); /* cultpro.c */

etk SCHEMES #*xt*/
void biome_processes(struct Gehar *grid, struct Geon *loat,
struct Echar *ecosystem, struct Bmas *mass, struct Gfix *lux); /* calc.c %/
vold ¢_dynamicse_stab( struct Gehar *grid, struct Geon Moct,
struct Echar *ecosystem, struct Bmas *mass, struct Cilx *flux); /* calc.c */
void c_dynamics_tran{ struct Gehar *grid, struct Geon *loct,
struct Echar *ecosystem, struct Bmas *mass, struct Cfix *flux, FILE *result); /* calc.c */

vold forest_process( struct Gichar *grid, struct Geon* loct, struct Pix *flux,
struct Pchar *plant, struct Pmas *mass); /* forestpro.c %

void grass_process( struct Gehar *grid, struct Gean *loct, struct Pix *lux,
struct Pchar *¢34, struct Pmas *mass ); /* grasspro.c /

void agri_process(struct Gehar *grid, struct Geon *oct, struct Pflx *flux,
struct Pchar *¢3, struct Pmas *mass); /* cultpro.c */

void soil_processes{ struct Gchar *grid, struct Goon *loct, struct Schar *soll,
struct Smas *mass, struct Sfix *lux); /* sailpro.c *f

fort CARBON DYNAMICS *+erf
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void greenperiod( struct Gehar *grid, struct Gcon *loct,
struct Pchar *plant, struct Pmas *mass, struct Pfix *fiux); #* forestpro.c *

vold leaffall{ struct Gchar *grid, struct Geon *oct, :

struct Pchar *plant, struct Pmas *mass, struct Pﬂx *flux} {* forestpro.c ¥/
void noleafperiod( struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pflx *fiux); /* forestpro.c ¥
void leafemergence( struct Gehar *grid, struct Geon *loct,

struct Pchar *plant, struct Pmas *mass, struct Pflx *fiux); /* forestpro.c */

P QUTPUT =/

void screenshow( struct Giehar *grid, struct Geon *loct,
struct Bmas *mass, struct Cfix *flux, struct Echar *acochar}; /* publish.c *

void publish_cbud( struct Gehar*grid, struct Geon *oct, struct Echar *ecosystem,
struct Bmas *mass, struct Cfix *flux, FILE *result); /* publish.c *

void publish_tran( struct Gehar*grid, struct Geon *loct, struct Echar *ecosystem,
struct Bmas *mass, struct Cfix *flux, FILE *result); /* publish.c ¥/



structure.h

F  Simulation model of CarboncY¥Cle in Land Ecosystems
* Developed by Alto in University of Tsukuba

f* Last updated Aug.01, 2000

r* Version 1.5.0 for Olson Biome Map

*  row x column of GCM data configuration ¥/
[k GFDL sy

[f#define GCM_L 40

[fidefine GCM_C 48

[#define GCM_L. 46
[#defire GOM_C 72

#define GCM_L 48
#define GCM_C 72

#define VEG_NUM 34 /* total vegetation number *

proeoent yagetation identity number: 0to 33 *¥

snum{
OCEAN,
TRP_EVG_FOREST,
TRP_MON_FOREST,
TRO_DRY_FOREST,
TMP_MX0D_FOREST,
TMP_BLV_FOREST,
S_DRY_WD_FOREST,
CNF_FOREST,
BRS_EVG_FOREST,
BRM_EVG_FOREST,
BRM_DCD_FOERST,
BRN_EVG_FOREST,
BRN_DCD_FOERST,
SEC_GRW_WDS,
SEC_GRW_FLD,
SCC_THRN,
TRP_SVN_WDS,
MDT_WDS,
HEATH_MOOR,
WRM_GRASS,
CL_RANGE,
TUNDRA,
WD_TUNDRA,
WRM_WET,
CL_WET,
SHR_HNTR,
CL_S_DESERT,
DESERT,
SAND_DESERT,
PADDYLAND,
CL_CROP,
WRM_CROP,
IRRIGATED,
ICE_SHEET
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structure.h

Fﬂﬂ*ﬂ*ﬂ*ﬂ%ﬂ#‘ﬂﬂkﬁ*ﬁm/

#*

declaration of  structures */

f**ﬂ**kﬂ*ﬂ**ﬂ*kk*ﬂ**ﬂ**ﬁ****m—k/

-suffix-- *

f. follage */

c: stem and branch  */
riroot %/

I: litter  */

h; humus  */

freveeeearid - conditions, derived from  data files ooy '
struct Gehar{

long mm(12]; /* number of days In each month ¥

long raw, col; f* grid order, raw and column in 0.5degree grid*/
leng raw_gcm, col_gem; * grid order, raw and column InGCM grid ¥
long country; /* country number *

iong region; /* continental region number */

long nnn;  /* cellnumbers from the origin®/

long vegNo; / number of biomes under processing *

double area; f* biome area for each cell *

long year; [* calculation time from the simulation onset, in year *
long month; * month of the year, from Jan.toDec, 0 to 11 %

long time_hyd; /# time to reach stabilization of water budget?*

long time; / time to reach stabilization of carbon budget?*/

double cell_arealand_area; f* total area and land area for each cell *
double aCQ2; f* atmospheric CO2 conecentration, in ppmy *

double trn_CO2[200]; /* CO2 scenario during 200 years ¥
double lat; /# latitude of the center of grid cell *
double lon; M longitude of the center of grid cell */

f* climate condition: *[ means the transitional value *
double tmp_sfe(12); / ground surface temperature, degree Celcius *

double  tmp_sfc_am; # mean temperature, degree Celcius */

double  tmp_sfc_mx; / maximum temperature, degree Celcius *

double  tmp_sfc_mn; / minimum temperature, degree Celcius */

double tmp_2m[12]; f* 2m air temperature, degree Celclus *

double tmp10_sail[12}; # soll temperature at 10cm depth, degree Celcius */
double tmp200_soil[12]; /* soil temperature at 200 cm depth, degree Celcius */
double  dswrf_toa[12), /* downward shortwave radiation at the atmosphere-top, W m-2*/
double  dswrf_sfc[12); * downward shortwave radiation at the surface, W m-2 */
double tcdc_clm{12]; /* total cloudiness, fraction *

double  xprate_sfc[12); /* precipitation, mm mon-1 *

double  xprate_sfc_ann; M precipitation, mm mon-1 ¥

double  spfth_2m[12]; * speclfic humidity, kg kg-1 ¥

double  soilwi0[12]; /4 soll moisture content at 10 cm depth, mm ¥
double  soilw200[12]; / soll moisture content at 200 cm depth, mm ¥

double wnd_10m[12]; /£ wind wvelocity, .ms-1 ¥

# climate condition: * a] means the average during 1965 to 1998 *
double tmp sfc_a[12]; ./ ground surface temperalure, degree Celelus ¥/
double tmp_2m_a[12];  2m air temperaturs, degree Celclus ¥/
double tmp10_soll_af12]; /* soil temperature at 10 cm  depth, degroe Celclus */
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double
doubie
double
double
double
double
double
double
double

double
" double
double
double
double

|

structure,h

trnp200_soil_a[12]; * soil temperature at  200cm  depth, degree Celcius */
dswrf toa_a[i12]; / downward shortwave radiation at the top of atmosphers, W m-2 %

dswrf_sfc_a[12]; /* downward shortwave radiation at the surface, W m-2 %/
tede_clim_a[12}; # total cloudiness, fraction */

¥prate_sfc_a[12]; f* precipitation, mm mon-1 *

spfh_2m_a[12); f* specific humidity, kg kg-1 ¥

soilwi10_a[12]; /* soil moisture content at 10 cm depth, mm ¥
soilw200_a[f2]; /* soll moisture content at 200 cm depth, mm ¥

ugrd_10m_a{12}vgrd_10m_a[12], ~ wind velocity, msa1 %

topo; /* topography, orology, and alttude, m above MSL?*
whe; f* soil water holding capacity *

whc30; /* soil water holding capacity of above 300mmso:f *
sd; /* soil rooting depth *

hyd_cond; # hydraulic conductivity, ¥

pomeeek - yagetation  characteristics  #=

struct Pchar{

double

albedo; /* reflectivity, or aibedo ¥/

o allocation >/

double
double
double
double

opt_lal[12]; f*optimum leaf area index %

alloc_ass; /* allocation ration for assimilation organ, fraction *
alioc_abg; * allocation ration for aboveground non-assimilation organ, fraction */
malloc_{[12], malloc_c[12], malloc_¢{12];  /* monthly allocation ratios ¥/

[7* phenology ***/

double
doubie
long

long

gdd, mgdd[12}; * growing degree days *

gw_pd, /* growing period ¥

season[12]; / phenologlcal stage as a function of season *
# 0. dormancy *

# 1: vegetative growth #

f* 2: emergence of new leaf *

f* 3. abandon of old leaf *

frag_emy, frag_dcd;

f*  photosynthesis **/

long

double
double
double
double
double
double
double
double
double
double
double
double
doubie
double
double
double
double

phototype; ** photosynthetic metabolic pathway, 3=C3, 4=C4, 5=CAM **/
pmax; = [* potential maximum rate, micro mol CO2 m-2s-1 %

ptop; {* canopy-top photosynthelic rate *

psat{12]; /* .light-saturated rate, micro mol CO2m-25s-1 */

sla; f* specific leaf area, cm2gdm-1 ¥

eKo; f  light attenuation coefficlent, no dimension *

ek[12); M light attenuation coefficlent, no dimension *

lued; /* control light dependence coefficient, mol CO2 mol photon-1 *
lue[12]; f*  monthly quantum vyield, mol CO2 mol photon-1 *

topt, toptQ; #* optimum temperatwre,  deg C¥
tmin, *  minimum temperature, deg C*/

tmax; f*  maximum temperature, deg C*/

cl[12); * monthly intercellular CO2 concentration, ppmv ¥/

kmcl;  dependence of photosynthesis on Intercellular CO2 concentration, ppmv */
cmpedO; /* CO2 compensation point, ppmv *

cmped[12]; ‘ f* CO2 compensation point, ppmv *

as(12]; * monthly stomalal -conductance, mmol H20 m-2 s-1  *f
gc(12], - f* monthly stomatal conductance, mmol H20 m-2s-1 %
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double gs_b0,gs_bi,gs_b2; /*parameters of stomatal conductance, mmol H20 m-2 s-1 *f
double  km_nstl; P maximum siomatal conductance - */

/7  respiration **/

double rgf, rge, rgr f* specific growth respiration rate,gC gC-1 alloc*
double  rmf, rme, rmr;  /* specific maintenance respiration rate at 15 degC, mg G g C-1 day-1%
double rmf0; /* specific maintenance respiration rate at 15 degC, mg C g C-1 day-1%

double rmc_s, rmr_s; f* specific maintenance respiration rate of

sapwood at 15degC, mgCgC-1day-1 %
double imec_h, rmr_h; f* specific maintenance respiralion rate of

heart wood at 15 degC, mgC g C-1day-1 *
double gTi0, qTcO, qTrO; * temperature dependence, dimensionless *
double qTf{12], qTe(12]l, qTr{12]; f* temperature dependence, dimensionless *
o litter fall *++/
double IfQ, IcQ, IrD; ¥ specific litter fall rate, fraction ¥
double If{12], lc[12], Ir(12]; {#* specific litterfall rate, fraction ¥

double decd; /* deciduous leaf fraction */

7 root stratification ***/
double  root_strat;  root profile parameter ¥

7

proveeoek sl characteristics s/

struct Schar{
double albede0, albedo[12]; * reflectivity, or albedo *
double rl; /* specific respiration rate at 15degC, mgC gdm-iday-1 *
double rh; # specific respiration rate at 15degC, mg Cgdm-1day-1 ¥
double oTl, qTh; f* emperature dependence, dimensionless ¥
double  kml, kmh;/* moisture dependence, fraction of soll water ¥
double  kmsl, kmsh; * moisture dependence, fraction of soil water *
double me;/* mineral soil formation ratio to litter decomposition, fraction *

)3

froeeek goosystem  characteristics e/
struct Echar{
struct  Pcharc3; #* for C3 plants %
struct Pchar c4; /* for C4 plants %/
struct Schar soll; # for soll organic matter ¥/

k

et ord  conditions, derived from  submodules ey

struct Geon{
double  Cdptn,C3ptn; /* ground coverage of C4 and C4 plants, fraclion- */
long gdfi2), bbm; * monthly vegetative growing period, days *
double gddf12); /* growth degree days, degCdays */ '

double  sl_dec{12]; * solar declination, degree ¥

double  sl_hgt(12); /* solar hight at midday, degree *

double  dlen[12]; # monthly day length, hour®/

double top_rad[12};  /*downward solar radiationat the atmosphere-top, W m-2 *
double  gl_rad[12]; / global radiation at the canopy-top, Wm-2 ¥

double gl_rad_g[12]; /* qlobal radiation under the canopy, Wm-2 i
double par{12]; /* monthly photosynthetically active radiatton, micro mol photon m-2 s-1 ¥

double  prsr(12]; f* air pressure, hPa *
double  dnsa[i2]; /* density of ar, kg m3 ¥
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double  vp(12]; / vapour pressure, hPa */

double  vps[12]; /* saturation vapour pressure, hPa¥

double  slope_vps[i2]; M slope of saturation vapour pressure related to
tempentaure, hPa deg C-1 *f

double . r_aero[12], /* aerodynamic resistance, s m-1 *
double  vpd[12]; f* vapour pressure deficit, hPa *
double rad_net_g[12]; f* soll surface net radiation, W m-2 *

double  rad_net_p[12]; f< canopy net radiation, Wm-2 ¥
double  cancpy_con[12}; * canopy conductance ¥

double pm_evp(12]; # monthly potential evapotransplration rate, mm */
double pm_trn{12];# monthly potential evapotranspiration rate, mm */
double evpr[12}; # monthly actual evaporation rate,mm *

double trspr{12]; /4  monthly actual transpiration rate, mm

double roi[12]; * monthly runoff of upper, mm™

double ro2[12]; /* monthly runoff of lower, mm?*/

double  pntri[12); /< water penetration from upper to lower layer, mm */
double  thaw(12]; * snow thaw water, mm %
double  vmc30[12]vme([12]; / volumatric moisture content, fraction */

double snwamsnwa[12]; * water equivalent snow depth, mm ¥

double  sw30,msw30[12], * soll water content of above 30cm soil, mm *
double  sww, msww[12]; #* whole soil water content, mm *

double snp[12); *# snow fraction of precipitation *

double  soil_appr30, soil_apprw; /* soil aperture, fraction *

b

frekens plant  biomass RS
struct Pmas{

double  fol; f+ follage mass, MgCha-1 #
double  miol(12]; ¥ monthly foliage mass, MgCha-1 */
double  lai[12]; /& monthly leaf area index(LAl), m2m-2 ¥
double  stm; #  stem and branch mass, Mg C ha-1 %/
double  mstm[12]; * monthly stem and branch mass, Mg C ha-1%
double  rot; /* root mass, Mg Cha-1 ¥
double  mroi[12]; f* monthly root mass, Mg C ha-1  #*
double  plant[12]; / monthly plant mass ¥

k

froec soll carbon  storage, all Mg C ha-i #oy

struct Smas{
double Itr;/* litter mass %
double  mitr[12]; /* - monthly litter mass ~ *
double  msl;* mineral soil and humus mass *
double  mmsI[12]; /* monthly mineral sofl and humus mass *
double  soll[12]; # monthly scil mass *

b

[ ecosystem carbon  storage PR
struct Bmas{
struct Pmas ¢3;* C3 plant mass *
struct Pmas c4;/* C4 plantmass ¥
slruct Pmas plant; /* all plant mass *
struct Smas soil; #* soil mass *
double  total[12]; /* ecosystem total carbon storage, Mg Cha-1 ¥

A-10



h

structure.h

fre=o=t - plant carbon  fluxes, all monthly, all in Mg C ha-1 mon-1 ey

struct  Pfix{
double
double
double
double

double
double
double
double

double
double
double
double
double
double
double
double
double

double
double
double
double

double
H§

Pl o' |
struct  Sflx{
double

double
double
doubie

double

b

gpp12}; /* gross primary production */
sppi2]; /# net primary production %/
epp{12]; #* net primary production  */
npp{12]; # net primary production  */

tpf(12]; /*transiocation of photosynthate to follage ¥
tpc[12}; /*translocation of photosynthale to stem¥

tpr(12]); /*translocation of photosynthate to root *

top(12}; /*translocation of photosynthate to root*/ '

rp(12); * plant respiration, =rpm+rpg ¥

rpgfi2); * plant growth resplration */

rpm(12]; # plant maintenance respiration *

rfig12]; /* follage growth respiration *

rfm{i2]; /* foliage maintenance respiration */
reg(12]; /*  stem and branch growth respliration  */
rem(12]; # stemand branch maintenance respiration *
rrg{12]; #* root growth respiration  */

rrm{12]; # root maintenance- respiration ¥

[f{12]; * foliage litterfall *

le[12); # stem and branch litterfall  */
i[12); »* root litterfall %/

iL(12]; & total literfall */

hvst[12]; #* harvest of crops *f

carbon fluxes, all in Mg Cha-1 mon-i *eey
{12y /* litter input  */

2] #*  litter decomposition %

th[12]; * mineral soil and humus decomposition  */

rS{12); /* total decomposition . ¥/

sf{i2]; # humus formation */

freeee goosystam  carbon  fluxes Py

struct  Cflx{

struct
struct
struct
struct
double
double
double
double
double

Pilx ¢3;/* C3plantfluxes *

Ptix c4; # . C4 plant fluxes */

Pfix plant; * total plant fluxes */

Sflx  soil; *  soll fluxes *

npp_miami; /* NPP estimated by Miami mode!, Mg C ha-1yr-1%/
npp_montreal; /* NPP estimated by Montreal model, Mg C ha-1 yr-1%/
npp_rosenzweig; /* NPP estimated by Montreal model, Mg C ha-1yr-1
nep[12); M net ecosystem production, Mg C ha-1 mon-1 %

ncb[12]; / net carbon balance of grid, MgC ha-1 mon-1%
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f* Simulation model of CarboncYCle in Land Ecesystems *
~ Developed by A.to in University of Tsukuba *
fad Last updated Aug.01, 2000 */
I Version 1.5.0 for Oison Biome Map *f

#include<stdio.h>
Hinclude<stdiib.h>
Hinclude<math.h>
#include"structure.h"
#include"prototype.h"

fromoakont gllocation  of photosynthate  *eerkicely
vold allocation{struct Gchar *grid, :
struct Pchar *pchar, struct Pmas *mass, struct Pflx *flux){

double aaa, bbb, cclcee, ddd; /~  parameters ¥/ _
double alloc_f.alloc_caficc_r, /* allocation ratios among compartments */

f* ailocation ratios of EPP¥
if{flux->epplarid->month]>0.0}{ /* during growing-period *

if{mass->lai[grid->month]>pchar->opt_failgrid-
f* If holding LAl is greater than the optimum one *

cce=pchar->alloc_ass*1.0; .

f* minimum carbon s allocated to foliage */
alloc_f=ccee; # to leaf ¥/
alloc_c=({1.0-ccc)*pchar->alloc_abg; * to stem %
aitoc_r={1,0-ccc)*(1.0-pchar->alloc_abg); /* to root ¥

Yelse if{mass->lailgrid->month)<=pchar->opt_lai[grid-
f* if holding LAl is smaller than the optimam one *

aaa=(pchar->opt_lai[grid->month]-mass->|al[grid->month]}*100,0*2,0/2.2/pchar->sla;
bbb=flux->epp{grid->month]*pchar->alloc_ass;
* allocate photosyntahte to follage to attain the optimum one ¥

if(aaa<=bhb){
¥ if assimilated carbon is abundant *

cce=pchar->alloc_ass;
else if(aaa>bbh){
f*  if assimilated carbon is scarce */

ccl=aaa/bbb;
* maximum allocation ratio to foliage is S0% *
cce=((pchar->alloc_ass*cc1)<0.5)?(pchar->alloc_ass*cc1):0.5;

}

if(pchar->seasonfgrid->monthj==0}{/* if dormancy period *
ddd=0.7;

lelse{
ddd=1 £
}

alioc_f=coc*ddd;
* less carbon Is allocated to leaf during dormancy *
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alloc_c=(1.0-ccc*ddd)*pchar-»alloc_abg;
alloc_r=(1.0-cec*ddd)*(1.0-pchar->alloc_abqg);
}

M monthly translocation fluxes ¥
flux->tpp[grid->month]={alloc - f+alloc_c+alloc_r*flux->epplgrid->month]; /* total */
flux->tpf(grid->month]=alloc_f*lux->eppfgrid->month]; /* to leaf */
flux->tpe[grid->month]=alloc_c*lux->eppl{grid->month]; / to stem */
flux->tpr(grid->month]=alloc_r*flux->epp[grid->month}; /* to root */

}else if(flux->epplgrid-
/* during NON growing-period *

f* allocation ratios of GPP, not EPP¥
alloc_f=pchar-»alloc_ass;
alloc_c=({1.0-pchar->alloc_assj*pchar->alloc_abg;
alloc_r=(1.0-pchar->alloc_ass)*{1.0-pchar->alloc_abg};

M monthly translocation fluxes i
flux->tpp(grid->month]=({alloc_i+alloc_c+alioc_r)*flux->epp[grid->month]; /* total */
flux->tpffgrid->month]=alloc_f*lux->gpplgrid->menth]-flux->rfm(grid->month]; /* to leaf */
flux->tpcfgrid->month]=alloc_c*flux->gpplgrid->month]-flux->rem[grid->monthi; /* to stem */
flux->tpr{grid->month]=alloc_r*flux->gpp|grid->month]-flux->rrm[grid->month]; /* to root */

} .

/¥ monthly partitioning ratios %/
pchar->malloc_f[grid->monthl=alloc_f; /* to leaf */
pchar->malloc_c[grid->month]=alloc_c; /* to stem */
pchar->mailloc_r[grid->month]=alloc_r; /* to root */

M plantinternal mass re-adjustment %
void intrabal(struct Pmas *mass){

# to fliage *

if{(mass->fol<(.0Y
/* if follage mass becomes negatlve, stem and root should re-allocate carbon */
mass->fol+=-mass->fol+0.01*(mass->stm+mass->rot); _
mass->stm+=-0,01*mass->stm+mass->fol*fmass->stm/{mass->stm+mass->rot);
mass->rot+=-0.01*mass->rot+mass->fol*mass->rot/(mass->stm+mass-=rot);

}

/ to stem and branch *

if(mass->stm<0.0 .
{* if stem mass bacomes negative, root should re-allocate carbon */
mass->rot+=mass->stm;
mass->stm=0.0;

}

/* to root ¥/

if(mass->rot<0.0){
/* if root mass becomes negative, stem should re-allocate carbon */
mass->stm+=mass->rot,
mass->rot=0.0;
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/  Simulation model of CarboncYCle in Land Ecosystems *f
I Developed by Alto in University of Tsukuba *
I Last updated Aug.01, 2000 *f
P Version 1.5.0 for Olson Biome Map *f

/* This file gives description of functions releted to photosynthesis, or GPP */
#include<stdio.h>

#include<math.h>

#include"structure.h"

#include"prototype.h”

frrmonoes formula of  dally gross primary  production *eeere/ :

double fgpp(struct Gchar *grid, struct Geon*loct, struct Pchar *veg, struct Pmas *mass){
double gpp;
double c¢cl,cc2,0¢3,bb;

f* give daily GPP based on the Monsi-Saeki theory, or Kuroiwd's equation */
if(veg->psat[grid->month]>0.0}
ccl=2.0*veg->psat[grid->month]*loct->dlen[grid->month* Ts/veg->eK[grid->month];
bb=veg->eK(grid->monthj*veg->luselgrid->month]*oct->par{grid->month)/veg->psat{grid-
>month];
cc2=1.0+sqrt(1.0+bb); _ _
cc3=1.0+sqrt(1.0+bb*exp{-1.0*veg->eK{grid->month|*mass->lai[grid->manth]));
gpp=cci*log(cc2/ccd);
else{
gpp=0.0;

return{gpp);
}

freoeeesJight-saturated  single-leaf photosynthetic  ratg e/

vold pc_sat(struct Gehar *grid, struct Geon  *loct, struct Pchar *veg){
double ftem,fstl,fnsti;
double aal,aa2,aald;

M*  optimum photosynthesis temperature ™/

if(veg->phototype==3}{ # C3 plants with change *
veg->topt=veg->topt0+0.01*veg->ci[grid->month];

}else iffveg->phototype==4){ H* C4 plants without change *
veg->topt=veg->toptQ;

}

f* €02 compensation point */

iffveg->phototype==3{ /* C3 plants with change: Brooks&Farquhar(1985) *
aa3=0.000347*(grid->tmp_sfc[grid->maonth]-20.0)*(grid->tmp_sfc[grid->month]-20.0);
aal=1.0+0,0451*{grid->tmp_sfc(grid->month]-20.0) +aa3;
aal={aal>0.0)?aa1:0.0;
veg->cmped(grid->manthl=veg->cmpcd0*aat;

lelse ifveg->phototype==4){ / C4 plants without change *
veg->cmped[grid->month]=veg->cmpedo;

}

/™ temperature effect on photosynthesis : Raich et al. {1991} *¥
aal=(grid->tmp_sfc[grid->month}-veg->tmax)*(grid->tmp_sfc{grid->month]-veg-stmin);
aa2=(grid->tmp_sfc[grid->month]-veg->topt)*{grid->tmp_sfc(grid->month]-veg->topt):
ftem=aal/(aal-aaZ);
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ﬂem=(ﬁem<=1..0)?ftem:1 0; ftem=(ftem>=0.0)?tem:0.0; /* limiting range *

f* stomatal limitation on photosynthesis via intercellular CO2 concentration *
fst[:(veg->ci[grid~>month]-veg->cmpcd[grid->month])l(veg->kmci+veg->ci[grid->month]);
fsti=(fstl<=1.0)?fst:1.0; fsti=(fstl>=0.0)?fstl:0.0;

#* non-stomatal limitation on photosynthesis : effect of soil water */
ff(veg-
/* C3 plants *
nsti=0.8*oct->sww/(loct->sww-+grid->whc*veg->km_nstl}+0.2;
fnsti=(fnstl<=1.0)?nstl:1.0; instl={fnsti>=0.0)7fnstl:0.0; /* limiting range */
lelse if(veg-
* C4 plants ¥ '
instl=0.5*loct->sww/ (loct->sww+grid->whe*veg->km_nstl)+0.5;
fnstl=(fnstl<=1.0)?fnsth:1.0;  fnstl={fnsti>=0.0)nstl:0.0; #* limiting range ¥/
}

f*  light-saturated photosynthesis rate *¥/
veg->psat[grid->month)=veg->pmax*ftem*fsti*nstl;
} .

proooeeisieek annual NPP estimated by  empirical  models **tcaos)
void npp_empirical(struct Gehar  *grid, struct Geon  *loct, struct Cilx  *flux){
fong f;
double aet, npp_tem, npp_pre;

aet=0.0;
for{f=0;f<12;f+4){ M annual AET #
ast+=loct->evpr[f]+loct->trspr(f;

}

e MIAMI model ¥/

* temperature-limited */
npp_tem=cTdm*30.0/(1.0+exp{1.315-0.119*grid->tmp_sfc_amj};
/* precipitation-limited */ ‘
npp_pre=cTdm*30.0*(1.0-exp(-0,000664*grid->xprate_sfc_ann));
* smaller one of the two ¥/
flux->npp_miami=(npp_tem<npp_pre)?npp_tem:npp_pre;

#* MONTREAL model **¥f
flux->npp_montreal=cTdm*30.0*{1.0-exp(-0.0009695*(aet-20.0)));

/* ROSENZWEIG model ; aboveground NPP ***/
flux->npp_rosenzwelg=cTdm*0.218*pow(ael,1.66);
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& Simulation model of CarboncYCle in Land Ecosystems *
* Developed by A.lko in University of Tsukuba *
r* Last updated Aug.01, 2000 *f
I Version 1.5.0 for Olson Biome Map *f

#include<stdio.h>
#includa<stdiib h>
#include<math.h>
#include"structure.h”
#inciude*prototype.h"

#define TER_CON 0.0025 /* criteria for determining the equilibrium, NEP value in Mg C ha-1 yr-1%

M global variables of climate change scenarios */
extern double tem_dev{GCM_C][70][12);
extern double pre_dev(GCM_C|[70](12];

void c_dynamics_stabistruct Gehar *grid, struct  Geon *loct,
struct Echar *ecochar, struct Bmas *mass, struct Cfix  *ux){

long f,nn, term_time;
double acnep,plantmass;

M maximum simuiation times *Y
term_time=3000;

frecesiaie: roop  to  stable stagertey

nn=0; acnep=10.0;

while(acnep>TER_CON)H o acnep>TER_CON  nn<i0 *¥/
grid->year=nn;

fot empirical  model  NPP+*/
if(grid-»year==0){ /* for the first year*/
npp_empirical(grid, loct, flux);

b

plantmass=acnep=0.0;
tor{f=0;f<12;f++)}
grid->month=f;

F** environmental condition ™/
dynmecL(grid, loct, mass, ecochar);

[ yegetation  processes
biome_processes(grid,loct, ecochar, mass, flux);
plant_stand(grid, loct,mass,fiux);

% carbon supply from plant to soll, through litterfall **+/
(flux->soil) IL[A=flux->plant).IL[f];

o sqil  processes Y .
soll_processes( grid loct, &(ecochar->soil), &{mass->soll), &(flux->soil));

pe** egosystern  mass  balance )

* net ecosystem production ¥
flux->nep(f]= (flux->plant).npp[f}-(flux->soil).rS[f;
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f* total ecosystem carbon storage ¥
mass->total[f]=(mass->c:3).plant[f]*Ioct->C3ptn+(mass->c4).pIant[f]*Ioct->C4ptn
+{mass->soil}.sail[f];

/* net carbon balance taking crop harvest into account **/
flux->ncb{f]=flux->nepff]+{flux->plant).hvst(f];

f* annual average plant mass *
plantmass+={mass->plant).plant[f}/12.0;

If(grid->vegNol=29&8grid->vegNol=30&&grid->vegNol=31& &grid->vegNol=32){
acnep+=flux->nep(f];, /* annula NEP,flux->nepi{], *

lelse{ . '
acnep+=flux->ncb(f, /* annula NCB, flux->neplf], */
}
}
forreer terminal  conditions ey
if(nn<100){
acnep=10.0;

telse if(nn>=100&&nn<term_time}{

acnep=fabs(acnep); /1. sufficiently stabilized **/
else if(nn>=term_{ime)}{

break; %3 stop by 2000 years
}

if(plantmass<0.0||plantmass>=500.0){
vanish{mass,flux}; /*2. excluding abnormal estimates **/
break;
}
grid->time=nn; /* simulation time of carbon budget *
nN++;
}
e and  of stsbilization roop  *ee/
}

prorkenintes DYNAMIC TRANSITION RUN  *ekincshca
void c_dynamics_tran{ struct Gchar *grid, struct Gcon *loct, struct Echar *ecochar,
struct Bmas *mass, sfruct Cflx *lux, FILE *result){
long ef;
double pre_trn, pre_co=0.0;

277777 transitional  period 77?777 ¥

pre_co=0.0;
frees raop to stable stagettrerc
for{e=0,e<70;6++){ flk acnep>TER_CON nn<10%*
f7**  vegetation processes *™/
Mo return annual and monthly valuse for each vegetation =¥

grid->year++;
npp_empirical{grid, loct, flux});

/** activate below line when stabilizing atmospheric CO2 *¥/
{fgrid->aC02=grid->trn_CO2[90];

P activate below lines when including atmospheric CO2 change **/
Il if{e<70}
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grid->aCO2=grid->trn_CO2{90+e]; /[/90+e

}else if(e>=70){

}

grid->aC02=grid->trn_CO2[160]; //90+e

garid-»aC02=grid->trn_CO2{90]*pow(1.005, (doublele);

for{f=0;f<12;f++){

i
i
i
/

i

i
i

\i'-w-

grid->month=f;
/% habitat environmnetal change ™/

/** activate below lines when including temperature change **/
grid->tmp_sfc[f]=grid->tmp_sfc_a[f]-ZAT+tem_devigrid->col_gem][e](f];
grid->tmp_2m[fl=grid->tmp_2m_a[f]-ZAT+tem_dev([grid->col_gcm][e](f];
grid->tmp10_soil{fl=grid->tmp10_soil_a[f]-ZAT +tem_dev[grid->col_gem][e][f];
grid-»tmp200_soll[f]l=grid->tmp200_soil_a[f]-ZAT +temn_dev[grid->col_gecm)(e]if];

grid->tmp_sfc[f]=grid->tmp_sfc_al[f]-ZAT+e*0.05;
grid-»tmp_2m{f]=grid->tmp_2m_alf]-ZAT+e*0.05;
grid->tmp10_sciljfl=grid->tmp10_soil_a[f]-ZAT+e*0.05;
grid->tmp200_soil[fl=grid->tmp200_soil_al[f]-ZAT+e*0.05;

I activate below lines when including precipitation change **/
pre_trn=grid->xprate_sfc_al[f]+pre_dev([grid->col_gem](8](f];
if{pre_trn<0.0){
pre_co+=pre_trm;
pra_trn=0.0;
Yelse if(pre_trn>=0.0){
if{{pre_trn+pre_co)>=0,0){
pre_trn+=pre_co;
pre_co=0.0;
teise if{{pre_irn+pre_co)<0.0){
pre_co+=pre trn;
pre_trn=0.0;
}

}
grid-»xprate_sfeff]=pre_trn*{double){grid->mm[f]};

#** location conditions
dynmeL(grid, loct, mass, ecochar);

foe yegetation  processes YR/
biome_processes{grid,lact, ecochar, mass, flux);
plant_stand(grid, loct,mass,flux);

(flux->soil).IL{f]=(flux->plant).IL[f];
etk gol|  processes R/
soil_processes( grid,loct,&(ecochar->soil), &(mass->solil), &(flux->soil)};

fproneoneck geosystem mass  balange ks

/* net ecosystem production *

flux~>nep{f]=(flux->plant).npp(f]- (flux->scil} rS[f];

f* total ecosystem carbon storage ¥/

mass->totallf]={mass->c3).plant[f*loct->C3ptn+(mass->c4).plant{f*loct->C4ptn
+(mass->s0il).soil[f]; ' K

flux->ncbffl=flux->nepif] + (flux->plant).hvst(f];

output resuits to files */

A-18



calc.c

//publish_cbud(grid, loct, ecochar, mass, flux, result};
publish_tran(grid, loct, ecochar, mass, flux, result);

}

feeeeexend  of simulation roop ey

}

freeeeekk Biome-specific  processes ik f
void biome_processes(struct Gchar *grid, struct Geon  *loct,
struct Echar *ecochar, struct Bmas *mass, struct Cfix  *lux){

switch{grid->vegNo){

case Q. /* WATER ¥ .
vizero(grid, &{mass->c3), &(flux->c3)); /* no C3 plant ¥/
vizero{grid, &{mass->c4), &(flux->c4)); /* no C4 plant ¥/
break; '

case 1. f* TROPICAL & SUBTROPICAL EVERGREEN FOREST *
growthperiod{grid, loct, &{ecochar->c3)}; /* processes of C3 plant ¥/
forest_process{grid, foct, &(flux->c3), &(ecochar->c3), &(mass->c3));
vlzero(grid, &mass->c4), &(flux->c4)); / no C4 plant */
break;

case2: * TROPICAL MONTANE FOREST *
growthperiod(grid, loct, &({ecochar->¢3));
forest_process(grid, loct, &(flux->¢3}, &{ecochar->c3}, &(mass->c3));
vizero(grid, &mass->c4), &(ﬂux->c4)),
break;

case3: /* TROPICAL & SUBTROPICAL DRY FOREST ¥
growthparlod(grid, loct, &(ecochar->c3));
forest_process(grid, loct, &{flux->c3), &{ecochar->¢3}, &{mass->c3));
vizero(grid, &(mass->c4), &(flux->c4));
break;

case4. [/ MID-LATITUDE MIXED FOERST *
growthperlod{grid, loct, &(ecochar->c3));
forest_process{grid, loct, &{flux->c3), &{ecochar->¢3), &({mass- >03))
vizero(grid, &(mass->c4), &{flux->c4)); -
break;

case 5. / MID-LATITUDE BROAD-LEAVED FOREST ¥
growthperiod(grid, loct, &(ecochar->c3}),
forest_process(grid, loct, &({flux->c3), &(ecochar->c3), &(mass->c3));
vizero(grid, &(mass->cd), &(flux->c4));
break;

case 6; f* SEMIARID WOOD OR LOW FOREST ¥
growthperiod(grid, loct, &(ecochar->c3});
forest_process(grid, loct, &{flux->c3), &(ecochar->c3), &(mass->c3)});
vizero(grid, &{mass->c4), &(flux->c4));
break;

case7: [/ CONIFEROUS EVERGREEN FOREST ¥
growthperiod{grid, loct, &[{ecochar-»c3));
forest_process(grid, loct, &(flux->c3), &(ecochar->¢3), &(mass->c3});
vizero(grid, &{mass->c4), &(flux->c4)),
break;

case 8. / SOUTHERN TAIGA *
growthperiod(grid, loct, &{ecochar->c3));
forest_process{grid, loct, &{flux->c3), &(ecochar->c3}, &(mass->c3));
vizero(grid, &(mass->c4), &{flux->c4)};
break;

case9; / MAIN EVERGREEN TAIGA */
growthperiod{grid, loct, &(ecochar->c3));
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forest_process{grid, loct, &{flux->c3), &(ecochar->¢3), &(mass->c3));
vizero(grid, &(mass->c4}, &{flux->c4));
break;
case 10: * MAIN DECIDUOUS TAIGA ¥/
growthperlod{grid, loct, &{ecochar->c3));
forest_process(grid, loct, &({flux->c3}, &(ecochar->c3), &(mass->Cc3));
vlzero{(grid, &(mass->c4), &(flux->c4));
break;
case 11: /* NORTHERN EVERGREEN TAIGA *
growthperiod(grid, loct, &{ecochar->c3)};
forest_process(grid, loct, &(flux->c3), &(ecochar->¢3), &(mass->c3));
vizero(grid, &(mass->c4), &(flux->c4})),
break; .
case 12; /* NORTHERN DECIDUOUS TAIGA ¥
growthperiod{grid, loct, &{ecochar->c3));
forest_process{grid, loct, &{flux->c3), &{ecachar->c3), &(mass->c3));
vizero{grid, &(mass->c4), &{flux->c4));
break;
case 13: /* SECOND GROWTH WOODS ¥
growthperiod{grid, loct, &{ecochar->c3});
forest_process(grid, loct, &(flux->c3}, &(ecochar->c3), &(mass->c3));
vizero(grid, &{mass->c4}, &{flux->c4));
break;
case 14: /* SECOND GROWTH FIELD ¥
growthperiod(grid, loct, &{ecochar->¢8)}); /* processes of C3 plant */
growthperiod(grid, loct, &(ecochar->cd)};  /* processes of C4 plant */
grass_process{grid, loct, &(flux->¢3}, &(ecochar->¢3), &(mass->c3}),
grass_process(grid, loct, &{flux->c¢4), &{ecochar->c4}, &(mass->c4d));
break;
case 15: f* SUCCULENT & THORN WOOD ¥
growthperiod({grid, ioct, &{ecochar->c3));
growthperiod(grid, loct, &(ecochar->c4));
grass_process(grid, loct, &{flux->c3), &{ecochar->¢3), &(mass->c3));
grass_process(grid, loct, &{flux->c4), &(ecochar->cd), &(mass->c4d)};
break;
case 16. f* TROPICAL SAVANNA, WOODLAND ¥/
growthperiod{grid, loct, &(ecochar->c3));
growthperiod{grid, loct, &{ecochar->c4});
grass_process(grid, loct, &(flux->c3}, &(ecochar->¢3), &(mass->c3));
grass_process{grid, loct, &(fiux->c4}, &(ecochar->c4), &(mass->c4));
break;
case 17. /* MEDITERRANEAN-TYPE DRYWOOD ¥
growthperlod(grid, loct, &(ecochar->c3});
growthperiod(grid, loct, &(ecochar->c4));
grass_processigrid, loct, &(flux->c3), &(ecochar->¢3), &(mass->c3));
grass_process(grid, loct, &{flux->c4), &(ecochar->¢4), &(mass->c4));
break;
case 18: * HEATH & MOORLAND ¥/
growthperiod(grid, loct, &(ecochar->c3Y),
growthperiod(grid, loct, &{ecochar->c4));
grass_process(grid, loct, &(flux->¢3), &(ecochar->¢3), &(mass->c3));
grass_process(grid, loct, &(flux->c4), &(ecochar->c4), &(mass->c4));
break; '
case 19; /* WARMOR HOT SHRUB & GRASSLAND *f
growthperiod(grid, loct, &{ecochar->c3}};
growthperiod(grid, loct, &{ecochar->c4));
grass_process(grid, loct, &(flux->c3), &(ecochar->¢3), &(mass->¢3));
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grass_process(grid, loct, &(flux->c4), &(ecochar->c¢4), &(mass-»>c4));
break;

case 20: / TIBETAN MEADOW & SIBERIAN HIGHLAND %/
growthperiod{grid, loct, &{ecochar->c3));
forest_process(grid, loct, &{flux->¢3}, &{ecochar->c3), &(mass->c3));
vizero(grid, &(mass->c4), &{flux->c4d));
break;

case 21: /* TUNDRA ¥
growthperiod(grid, loct, &{acochar->¢3));
forest_process{grid, loct, &(flux->c3), &({ecochar-»c3), &{mass->c3));
vizero{grid, &(mass->c4), &(flux->c4));
break;

case 22 f* WOODED TUNDRA * '
growthperiod(grid, loct, &{ecochar->¢3));
forest_process{grid, loct, &(flux->c3), &({ecochar-»c3), &{mass->c3));
vlzero{grid, &(mass->cd), &(flux->c4));
break;

case 23: * WARM OR HOT WETLANDS *
growthperiod(grid, loct, &{ecochar->£3});
forest_process(grid, loct, &(flux->¢3), &(ecochar->c3), &(mass->c3));
vizero(grid, &(mass->c4), &{flux->c4));
break;

case24; /* COOL BOG & MIRE %
growthperiod(grid, loct, &{ecochar->c3));
forest_process{grid, loct, &{flux->c3)}, &{ecochar->¢3), &(mass->c3}};
vizero(grid, &(mass->c4), &{flux->c4)); '
break;

case 25; f* SHORE & HINTERLANDS ¥
growthperiod({grid, loct, &{ecochar->c3));
forest_process{grid, loct, &{flux->¢3)}, &(ecochar->¢3), &(mass->c3));
vizero{grid, &(mass->c4), &(flux->c4});
break;

case 26, * COOL SEMKIDESERT SCRUB ¥
growthperiod(grid, loct, &{ecochar->c3)};
forest_process{grid, lact, &({flux->c3), &(ecochar->c3), &(mass->c3));
vizero(grid, &(mass->c4), &(flux->c4}),
break;

case 27. /* NON-POLAR DESERT #
growthperiod(grid, loct, &{ecochar->c3)};
growthperiod(grid, loct, &(ecochar-»cd}});
grass_process{grid, loct, &(flux->c3), &{ecochar->c3), &(mass->c3));
grass_process(grid, loct, &(flux->c4), &({ecochar->c4), &(mass->c4));
break;

case 28: f* NON-POLAR SAND DESERT *
growthperiod(grid, loct, &(ecochar->c3));
growthperiod(grid, loct, &{ecochar->c4));
grass_process{grid, loct, &(flux->c3), &{ecochar->c3), &{mass->c3));
grass_process{grid, loct, &(flux->c4), &(ecochar->c4), &{mass->c4));
break;

case 29: /* PADDYLAND ¥
growthperiod(grid, loct, &(ecechar->¢3));
agri_process(grid, loct, &(flux->c3), &{ecochar->c¢3), &(mass->c3});
vizero{grid, &(mass->c4), &{flux->c4}};
break;

case 30: /* COOL CROPLAND #
growthperiod{grid, loct, &{ecochar->c3});
agrl_process(grid, loct, &(flux->c3), &(ecochar->¢3}, &(mass->c3));
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vlzero(grid, &(mass->c4), &(flux->c4)};
break;
case 31: # WARM CROPLAND ¥
growthperiod(grid, loct, &(ecochar->c3));
agri_process(grid, foct, &{flux->c3}, &(ecochar->c3), &(mass->¢3));
vlzero{grid, &(mass-»c4), &(flux->c4));
break;
case 32: /* |RRIGATED ¥
growthperiod{grid, loct, &{ecochar->c3));
agri_process(grid, loct, &{flux->¢3), &(ecochar->c3), &(mass->¢3));
vlzero(grid, &{mass->c4), &(flux->c4));
break;
case 33: /* ANTARCTICA ¥
vlzero(grid, &(mass->c3}, &(flux->c3));
vizero(grid, &(mass->c4d), &{flux->c4});
break;
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/* Simulation model of CarboncYCle in Land Ecosystems
Fad Developed by Alto in University of Tsukuba

Fid {ast updated Aug.01, 2000

* Version 1.5.0 for Olson Biome Map

/*  biome dependent plant carbon exchange processes®/
#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#include"structure.h®

#include"prototype.h"

/™* crop processes, e.g. grains, root crops, and pcharetables  **¥/
void agri_process(struct Gchar *grid, struct  Geon *oct, struct Piix  *flux,
struct Pchar *pchar, struct Pmas *mass }{
* preparation */
beforedeal(grid,loct,pchar,mass,flux);

switch{pchar->season[grid->month]){

case 1: [* vegetative growth period *
gresnperiod|grid,loct,pchar,mass,flux);
break;

case 0: /* winterinterval period *
interval(grid, loct,pchar,mass flux);
break;

case2: [* planting newcrop *
planting{(grid,loct,pchar,mass,flux);
break;

case 3: f* harvest
harvesting(grid, loct,pchar,mass, flux);
break;

}

* settlement ¥/
afterdeal{grid,loct, pchar,mass, flux);

}

oo planting of new  crops e
void planting( struct Gechar *grid,  struct  Geon *oct,
struct Pchar *pchar, struct Pmas *mass, struct Pilx *flux){
double nn, aaa, bbb, emerge;:

nn={double)grid->mm(grid->menth];

f* leaf emergence: perennial crops *
aaa=mass->stm*0.5;
bbb=mass->rot*0.5;
emerge=aaa+tbbb;

iflemerge>0.5){
aaa=0,5/emerge*aaa;
bbb=0.5/emerge*bbb;
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emerge=aaa+bbb;
}
mass->fol+=emerge,
mass->stm-=aaa;
mass->rot-=bbb;

# annual crops ¥
mass->fol+=0.4;
mass->sim+=0.3;
mass->rot+=0.3;
flux->hvst{grid->month]=1.0;

f* littar ¥

flux->f[grid->monthl=nn*fif(grid, loct, pchar, mass},
flux->Ic[grid->month)=nn*fic{grid, loct, pchar, mass});
flux->Ir[grid->month]=nn*fir(grid, loct, pchar, mass);

f* litter fall ¥
mass->fol-=flux->[f[grid->maonth};
mass->lai[grid->month]=lal_mass{mass, pchar);
mass->stm-=flux->|cfgrid->month];
mass->rot-=flux->Ir{grid->month];

* photosynthesls, gross primary production *f
flux->gpplgrid->month]=nn*gpp{grid, loct, pchar, mass};

/ maintenance respirations */

flux->rfm[grid->monthl=nn*frfm(grid, loct, pchar, mass);

flux->rem(grid->month]=nn*rem(grid, loct, pchar, mass}),
flux->rrmigrid->month}=nn*frrm{grid, loct, pchar, mass);
flux->rpm[grid->month]=flux->rfm[grid->month}+flux->tem(grid->month)+flux->rrm[grid->month];

f* tentative primary production *f
flux->epplgrid->month)=flux->gpp(grid->month]-flux->rpmigrid->month];

f* translocation of photosynthate *
allocation(grid, pchar, mass, flux);

iffflux-»epplgrid->month)>0,04
* growth construction respiration %
flux->rfg[grid->month]=frfa{grid, loct, pchar, mass, flux});
flux->reg(grid->month]=frcg{grid, loct, pchar, mass, flux);
flux->rrg(grid->month]=frrg{grid, loct, pchar, mass, flux);

}else if(flux->epp(grid->month] <=0.0){
flux->rfglgrid->month}=flux->reg{grid->month]=flux->rrg[grid->month}=0.0;

}

* partitioning of photosynthate */

mass->fol+=flux->tpfgrid->month]-flux->rfg[grid->rmonth];
mass->stm+=flux->tpefgrid->month}-flux->regigrid->rmonth);
mass->rot+=flux->tprigrid->month]-flux-»rrglgrid->monthy;
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}

f*  harvest grain, leaves, and fruits *™¥
void harvesting( struct Gehar *grid, struct  Geon *loct,
struct Pchar *pchar, struct Pmas *mass, struct Piix *flux){
double hvst_index, clear, nn;

nn=(double)grid->mm[grid->month];

* harvest of crops */
hvst_index=-0.45; # harvestindex-> 45% of hiomass */
flux->hvst[grid->monthj=hvst_index*{mass->fol+mass-»>stm+mass->rof); :

M liter */

clear=0.9+hvst_index;
flux->lf[grid->month]=clear*mass->fol;
flux->lc[grid->month]=clear*rmass->stm;
flux->ir[grid->month]=clear*mass->rot;

o Gitter fall ¥/

mass->fol*=0,1;
mass->lai[grid->monthj=lai_massi{mass, pchar);
mass->stm*=0.1;

mass->rott=0,1;

#* photosynthesis, gross primary production *
flux->gpplgrid->month)=nr*gpp(geid, loct, pchar, mass);

/* maintenance respirations  */

flux->rfm{grid->month]=nn*frfm(grid, foct, pchar, mass);

flux->rem{grid->month]=nn*frcmigrid, loct, pchar, mass);

flux->rrm[grid->month}=nn*frrm(grid, loct, pchar, massj);
flux->rpmgrid->month]=flux->rfm(grid->month]+fux->rem[grid->month}+flux->rrm{grid->monih];

/* tentative primary production %
flux->epp(grid->month)=flux->gpp(grid->manth]-flux->rpm[grid->month];

f* translocation of photosynthate %
allocation(grid, pchar, mass, flux};

if{flux->epp{grid->month]>0.0){
/* growth construction respiration ¥
flux->rfg{grid->month]=frfg{(grid, loct, pchar, mass, flux);
flux->reg[grid->month)=freg{grid, loct, pchar, mass, flux);
flux->rrg[grid->month)=frrgigrid, loct, pchar, mass, flux);

lelse if{flux->epp[grid->month] <=0,0){
* non productive period ¥/
flux->rfg[grid->month]=flux->tcg[grid->month}=flux->rrglgrid->monih}=0.0;

}

f*  partitioning of photosynthate ¥
mass->fol+=flux->tpf{grid->month}-lux->rfg(grid->month];
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mass->stm+=flux->tpe[grid->month)-flux->reg(grid->month];
mass->rot+=flux->tprgrid->month}-flux->rrg[grid->monthy;

}

M interval  period, fallowing lands  **%/
void interval( struct Gehar *grid,  struct  Geon *loct, :
struct Pchar *pchar, struct Pmas *mass, struct Pflx *flux){
double nn;

nn={double)grid->mm[grld->manth];

o litter ¥ .
flux->If{grid->month]=nn*If{grid, loct, pchar, mass);
flux->Ic[grid->menth)=nn*fle(grid, loct, pchar, mass);
flux->Irfgrid->month)=nn*fir{grid, loct, pchar, mass);

F litter fall %

mass->fol-=flux->lf{grid->month];
mass->stm-=flux->[clgrid->month];
mass->rot-=flux->r[grid->month};

f* photosynthesis, gross primary production *
flux->gpp{grid->month]=nn*fgpp{grid, loct, pchar, mass);

f maintenance respirations */

flux->rfm[grid->month]=nn*frfm(grid, loct, pchar, mass};
ﬂux—>rcm[grld->month]=nn*frc'm(grid, loct, pchar, mass);
flux->remgrid->month]=nn*frrm({grid, loct, pchar, mass);
flux->rpm(grid->month]=flux->rfm[grid->month]+flux->rem{grid->month]+flux->rrm[grid->month];

M tentative primary production *
fiux->epp[grid->month]=flux->gpp(grid->month]-flux->rpm[grid->month];

* ftranslocation of photosynthate *
allocation{grid, pchar, mass, flux);

if(flux->epp[grid->month]>0.04
' / growih construction respiration  */

flux->rfg[grid->manth]=frig(grid, loct, pchar, mass, flux);
flux->reg{grid->month]=frcg(grid, loct, pchar, mass, flux);
flux->rrg[arid->month]=frrg{grid, loct, pchar, mass, flux);

}else if(flux->epp(grid->month]<=0.0){
flux->rfg{grid->month])=flux->rcg(grid->month]=flux->rra(grid->month)=0.0;

}

 paritioning of photosynthate *

mass->fol+=flux->tpf(grid->month]-flux->rfg[grid->month];
mass->stm-+=flux->tpe[grid->manth]-flux->reglarid->month];
mass->rot+=flux->1pr[grid->month]-flux->rrg[grid->month];
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f*  Simulation model of CarboncYCle in Land Ecosystems | *f
i Developed by Alto in University of Tsukuba *f
* Last updated Aug.01, 2000 *f
* Version 150 for Olson Biome Map *

#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

frmex acophyslological vegetation processes e
vold ecophysiology(struct Gehar  *grid, struct Geon *oct,
struct Pchar *veg, struct Pmas *mass){

long g;
double aaa,hbb;

/* give leaf area index (LAl), m2 m-2¥
mass->lai[grid->monthi=lai_mass{mass, veq);

f* give irradiance aftenuation coefficient *f
veg->eK[grid->month]=irr_attn(grid, loct, veg):

veg->cilgrid->month]=grid->aC02*0,7; /* initial ci *

/* stabllization of single-leaf processes */

for(g=0,g<B;g++){
/* give quantum vyield, mol CO2 mon photon-1*/
quantum_yleld{grid, veg);

/¢ give light-salurated photosynthesis rate, micromol m-2s-1%
pc_sat(grid, loct, veg);

¥ canopy-top photosynthetic rate*/
aaa=veg->psat[grid->monthj*veg->lue(grid->month]*loct->par[grid->month];
bbb=veg—>psat[grid->rnonth]+veg->lue[grid->month]*loct->par[grid->month];
if(bbb>0.0){

veg->ptop=aaa/bbb;
}else{

veg->ptop=0.0;
}

[ give stomatal conductance, mmol H20 m-2s-1%
stom_cond(grid, loct, veg);

#* give intercellular CO2 concentration, pprmv */
incel_cdc(grid, loct, veg);

}

f* canopy conductance **/
A-27
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veg->ge[grid->month)=canopy_cond(grid, loct, veg, mass};

f* plant respiration **/
qten_ar(grid, loct, veg); AQ10%
spcfc_res_mass(grid, loct, wveg, mass); #* woody specific respiration rate */

#* litterfall of plant respliration **/
mortality(grid,loct, veg);

/* optimum leaf area index **
opt_lai{grid,loct, vea);
}

rﬂ*ﬂ*:\-kh\'hl* |eaf area, lndex **Mﬁ*h\-k**#**ﬂl
double lai_mass{struct Pmas *mass, struct Pchar *veg{
double stalat_est;

#* specific leaf area as a function of..what? */
sla=veg->sla,

lai_est=sla*mass->fol*dmTc/100.0/2.0;
{ai_est=(lai_est>=0.0)7lai_est:0.0;

- dm¥c:  dry-matier to carbon ®/
M 100.0: cm2 g dm-1 to Mg ha-1 base ¥
f*2.0: single-sided leaf area */

return(lai_est);

}

prewvieons - givg  frradiance  attenuation  coefficient Rk

double irr_attn{struct Gechar *grid, struct Geon  *loct, struct Pchar *veg){
double aaa,bbb,

M a function of solar hight angle *
aaa=sin(loct->s|_hgt[grid->month)*dTr);

aaa=(aaa<=1,0)7aza:1.0; aaa=(aaa>=0.3)7aaa:0.3; /* toavoid extreme values?/
bbb=veg->eK0/aaa;

return{bhbby,
}

femcice intercellular CO2 concentration ik
void incel_cde(struct Gehar *grid,struct Geon *loct, struct Pchar *plant){
double i, gs_to2;
* give intercellular CO2 concentration,
as a function of ambient CO2 ievel and stomatal conductance */

gs_co2=plant->gs[grid->month]/1,586;
/* 1.56: conversion from H20 to CO2 conductance*/
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ci=grid->aC02-(plant->ptop/(gs_c02/1000,0)):
#1000.0: conbert from mmol to $ mol */

ci={ci>=0.0)7¢i:0.0;
ci={ci<=grid->aC02)7ci:grid->aCQ2;

plant->ci{grid->month]=ci;

}

ik quantum yield C3 and (€4 *rheckion/
void quantum_yield{struct Gehar *grid, struct  Pchar  *plant ){
double eftem, efcl;

*  plant_type: 3=C3, 4=C4, (5=CAM) wf
if(plant->phototype==3){
f* temperature dependence *
eftem=(52.0-grid->tmp_sfc[grid->month]}/(3.5+0.75%(52.0-grid->tmp_sfc[grid->month}));
f* CO2 dependence *
efci=plant->ci[grid->menth]/(90.0+0.6*plant->ci[grid->month]);
f* 3.5, 52,0, etc.: empirical parameters */
}else if{plant-
f* Insensitve QE of C4 species %
eftem=1.0;
efci=1.0;
}
* give quantum vyield %
plant->luefgrid->month]=plant->lue0*eftem*efcl;

}

l‘*ﬂ***m*ﬂ stOmata| Conductance mﬁﬂ&mﬂ*’l
void stom_cond( struct Gehar *grid,struct Geon *loct, struct Fehar *plant){
double hid,cc;

/* stomatal conductance model by Ball, Woodraw, and Berry (1987) Y/
bid=plant->gs_b1/({grid->aCO2-plant->cmpedfgrid->monthj)
*(1.0+loct->vpd[grid->month]/piant->gs_b2});

M add scil water factor **/
cc=1.0; /* not defined yet */

if(plant->psat{grid->month]=0.0){
plant->gs[grid->month]=plant->gs_b0+b1d*plant->ptop/plant->psat[grid->month]*cc;
}else{
plant->gs[grid->month]=plant->gs_b0,
}
}

frrek canopy  conductance etk f
double canopy_cond( struct Gehar *grid,struct Geon *loct, struct Pchar *plant, struct Pmas *massi{
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double aaa,sss,tit,uuuvw,lue_gs, canopy_cond,

#NOTE: Integrate leaf stomatal conductance

with considering light attenuation in the canopy*/
aaa=plant->gs_bO+plant-»>gs_b1/{grid->aCO2-plant->cmpcd(grid->month]);
lue_gs=plant->lue{grid->manth]*(aaa/plant->pmax)};

ff{mass->laligrid->montin]>0.04{
s85=2.0*plant->gs[grid->month)/plant->eK[grid->month];
ttt="1.0+sqrt(1.0+plant->eK[grid->month]*
lue_gs*loct->par{grid->month)/plant->gs[grid->month});
vwy=-1.0*plant->eK[grid->month]*mass->[ai[grid->month];
uuu=1.0+sqrt{1.0+plant->eK[grid->month]*
jue_gs*loct->par{grid->month]*exp{vw/plant->gs{grid->manthl),
canopy_cond=sss*log(ttt/uuu);
}else{
/* no leaf, no conductance®/
cahopy_cond=0.0;
}

return{canopy_cond);

}

freeeaceones - optfimumn LAT by Kurolwa (1968)  eriverkadcirk/
void opt_lai{struct Gehar *grid,struct Geon *loct, struct Pchar *plant){
double aaa,bbb,ccc,cc4,ddd, ece;
double arm, arg, ar;

asa=1.0/plant->eKIgrid->month];
bbb=plant->eK[grid->manth]*plant->lue(grid->month]*loct->par{grid->month];

f* dally respiratory cost *
eee=|ogiplant->qTe[grid->month])/10.0*(grid->tmp_sfc(grid->month]-15.0);
arm=plant->rmf*exp(eee)/1000.0*dmTc*{0000.0/(plant->sla);
arg=plant->lfigrid->month]*dmTc*1 0000.0/(plant->stay*{1.0+plant->rgf);
ar=arm-+arg;

ced=(plant->psat[grid->month]*loct->dlen([grid->month])/
(plant->psat[grid->month]*oct->dlen(grid->month]-ar*24.0);
cee=plant->psat{grid->month}*{cc4-1.0);

ddd=bbb/cce;
ddd=(ddd>1.0)?ddd:1.0;

plant->opt_lai[grid->month]=aaa*log(ddd);
}

ek Q10 of autolrophic respiration  erresttcnkicterf
void gten_ar({struct Gchar *grid,struct Gicon *loct, struct Pchar *plant){
double aaa; :
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f* larger at cool and smaller at warm */
aaa=exp(-0.009*{grid->tmp_sfc[grid->month]-15.0));

plant->qTf{grid->month]=plant->qTf0*aaa;

plant->qTc[grid->month]=plant->qTc0*aaa;

plant->qTr[grid->month]=plant->qTr0*aaa;
}

[ lowering specific respiration rate of massive biomass with heart wood fissue **/
void spefc_res_mass(struct Gehar *grid,struct Geon *loct, struct Pehar *plant,  struct - Pmas *mass){
double powstm,powrot; :
double stm_sap,stm_hrtrot_sap,rot_hrt;

plant->rmf=plant->rmf0;

/* specific respiration increasing in a power of 2/3 manner*/
powstm=1,0-0.33334*mass->stm/{50,.0+mass->stmy};
powrot=1.0-0.33334*mass->rot/{50.0+mass->rot);

stm_sap=pow(mass->stm, powstm); /* sapwood mass in stem *
stm_hrt=mass->stm-stm_sap; /* heartwood mass in stem. ¥
rot_sap=pow(mass->rot, powrot}; /* sapwood mass in root *
rot_hrt=mass->rot-rot_sap; /* heartwood mass in root *

plant->rmc=(plant->rmc_s*stm_sap+plant->rma_h*stm_hrt)/{mass->stm+0.00001);
plant->rmr=(plant->rmr_s*rot_sap+plant->rmr_h*rot_hrt)/(mass->rot+0.00001);

}

floweiiniik - mortarity  of plant  organs R
void mortality (struct Gehar *grid, struct Geon *loct, struct Pchar *plant){
double bbb;

/* larger at warm, and smaller at cool ¥
bbb=1.0+(grid->tmp_sfc[grid->month]-grid->tmp_sfc_am)/100.0;

plant->If[grid->month]=plant->If0*bbb; /* leaf *

plant->lc[grid->month]=plant->lc0*bbb; f* stem */
plant->Ir[grid->month]=plant->Ir0*bbb; /* root */
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/*  Simulation model of CarboncYCle in Land Ecosystems *
r* Developed by A.dto in University of Tsukuba Xf
* Last updated Aug.01, 2000 *f
* Version 1.5.0 for Olson Biome Map *

/* biome dependent plant carbon exchange processes----evergreen and deciduous forest/
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h”
#include"prototype.h"

[ forest processes v/
void forest_process(struct Gehar *grid, struct  Geon *loct, struct Pflx - *lux,
struct Pchar *pchar, struct  Pmas *mass){
f* preparation */
beforedeal{grid,loct,pchar,mass, flux),

switch(pchar->season{grid->month]){
case 0: /M dormancy */
noleafperiod(grid,loct,pchar,mass,flux); break;
case 1: /* vegetative growth *
greenperiod(grid,loct,pchar,mass,flux); break;
case2; f* newleafemergence */
ieafemergence(grid,loct,pchar,mass,flux); break;
case3: /M old |eaf shedding */
leaffall{grid,loct, pechar,mass flux), break;
}
* settlement */
afterdeal(grid loct,pchar,mass, flux);

}

A qgreen period, while plants grow up actively ***/
void greenperiod(struct Gichar *grid, struct Geon *loct,
struct Pchar *pchar, struct Pmas *mass, struct Pflx *flux){

double nn;
nn={doublsigrid->mm[grid->month];

/o litter %/

flux->lf[grid->month]=nn*ff{grid, loct, pchar, mass};
flux->lefgrid->monthl=nn*flc{grid, loct, pchar, mass);
flux->Ir{grid->month]=nn*ir{grid, loct, pchar, mass);

7 litter fall  *
mass->fol-=flux-=!f{grid->month];
mass->lai[grid->month]=lai_mass(mass; pchar);
mass->stm-=flux->lc[grid->month);
mass->rot-=flux-=Ir{grid->monthy;
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f* photosynthesis, gross primary production *f
flux->gpp(grid->month]=nn*fgpp(grid, loct, pchar, mass);

/* maintenance respirations */

flux->rfm[grid->month]=nm*frfm{grid, loct, pchar, mass);

flux->remigrid->month)=nn*frcm(grid, loct, pchar, mass);

flux->rrm[grid->month]=nn*frrm{grid, loct, pchar, mass);
flux->rpm(grid->month]=flux->rfm{grid->month}+ flux->rem[grid->month}+flux->rrm[grid->month);

/* tentative primary production *
flux->epplgrid->month]=flux->gpp[grid->month}-flux->rpm[grid->month];

f* translocation of photosynthate %
allocation{grid, pchar, mass, flux);

if (flux->epp(grid->month}>0.0){
f* growth construction respiration %
flux->rfg[grid->month]=frtg(grid, loct, pchar, mass, flux);
ﬂux->rcg[grid->month}:frcg(gzrid, loct, pchar, mass, flux);
flux->rrg[grid->month]=frra{grid, loct, pchar, mass, flux);
}else if (flux->epplgrid->month] <=0.01{
flux->rig[grid->month]=flux->reg[grid->month]=flux->rrg[grid->month]=0.0;
}

f*  partitioning of photosynthate ¥ -

mass->fol+=flux->tpf{grid->month]-flux->rfg[grid->month];
mass-»>stm-+=flux->tpc[grid->month]-flux->rcgfgrid->month};
mass->rot+=flux->tprgrid->month]-flux-»rrg[grid->month;

ook |eaf shedding at the end of growing-period ik
void leaffall( struct Gehar *grid, struct Geon *loct,

struct Pchar *pchar, struct Pmas *mass, struct Pflx *flux}{
double. nn;

nn=(double}grid->mm{grid->month];

* liter */

flux->If{grid->month)=pchar->dcd*mass->fol;  /* leaf-shedding *
flux->Ic[grid->month]=nn*flc{grid, loct, pchar, mass);
flux->Ir[grid->month]=nn*fir{grid, loct, pchar, mass};

#* litter fall ¥
mass->fol-=flux->H[grid->month];
mass->lai[grid->month]=lai_mass(mass, pchar);
mass->stm-=flux->Ic[grid->monthy;
mass->rot-=flux->Ir[grid->month],

#* photosynthesis, gross primary production *f
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flux->gpp{grid->month]=nn*fgpp{grid, loct, pchar, mass);

f  maintenance respirations %/

flux->rim{grid->month]=nn*frfm{grid, loct, pchar, mass);

flux->rem[grid->month]=nn*frcm(grid, loct, pchar, mass);

flux->rrm[grid->month}=nn*frrm(grid, loct, pchar, mass);
ﬂux-:-rpm[grid->month]:ﬂux-:-rfm[grid->month]+f|ux->rcm{grid->month]+flux->rrm[grid~>month];

/* tentative primary production */
flux->eppfgrid->month]=flux->gpp[grid->month]-lux->rpm(grid->month];

f* translocation of photosynthate %/
allocation{grid, pchar, mass, flux);

if (flux->epp[grid->month]>0.0){
f* growth construction respiration  */
flux->rfgfgrid->month]=frig(grid, loct, pchar, mass, flux),
flux->regfgrid->month]=freg(grid, loct, pchar, mass, flux);
flux->trglgrid->manth]=frrg(grid, toct, pchar, mass, flux);
}else if{flux->epp[grid->month]<=0.0}{
flux->riglgrid->month)=flux->reglgrid->month)=flux->rrg[grid->month]=0.0;
) ‘

#  patitioning of photosynthate */

mass->fol+=flux->tpflgrid->month]-flux->rfg[grid->month];
mass->stim+=flux->tpclarid->month]-flux->reg[grid->month);
mass->rot+=fiux->tpr(grid->month]-flux->reglgrid->month];

}

frreeenokk naw  leaf emergence rheneekf
vold lsafemergence( struct Gehar *grid, struct  Geon *oct, struct Pchar  *pchar,
struct Pmas *mass, siruct Pix *flux){
double nn, aaa, bbb, emerge;

n={double)grid->mm{grid->monthi;

P leat emergence : develop optmimum leaf area */
bbb={pchar->opt_lai[grid->month]>2.0) ?pchar->opt_[ai{grid->month]:2.0;
emerge=(bbb-mass->lal[grid->month])*100,0*2.0/2.2/pchar->sla;
aaa=mass->stm+mass->rot;

emerge=(emerge>aaa*0.3) Paaa*.3:emerge;

ifaaa>0.0){
mass->fol+=emerge;
mass->stm-=emerge*mass->stmfaaa;
mass->ol-=emerge*mass->rot/aaa;

}

/* litter ¥/
flux->1f[grid->month)=nn*fif{grid, loct, pchar, mass); -
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flux->Icfgrid->month)=nn*flc{grid, loct, pchar, mass);
flux->Ir[grid->month]=nn*flr (grid, loct, pchar, mass);

f litter fall %
mass->fol-=flux->if[grid->month];
mass->lal[grid->month]=lal_rnass(mass, pchar);
mass->stm-=flux->lc[grid->monthy);
mass->rot-=flux->Ir[grid->month];

* photosynthesis, gross primary production *
flux->gpplgrid->month]l=nn*{gpp(grid, loct, pchar, mass);

f* maintenance respirations  */

flux->rfm[grid->month]=nn*frfm{grid, loct, pchar, mass);

flux->remigrid->month]=nn*frem{grid, loct, pchar, mass);

flux->rregrid->month]=nn*frren{arid, loct, pchar, mass);
flux->rpmigrid->month]=flux->rfm{grid->month]+flux->rem[grid->month}+ flux->rrm{grid->month};

f* tentative primary production */
flux->epp[grid->month]=flux->gpp[grid->month]-flux->rpm[grid->monthj;

f* translocation of photosynthate */
allocation{grid, pchar, mass, flux);

if(flux->epplgrid->month}>0.0){
f* growth construction respiration *
flux->rfg[arid->month]=frfg{grid, loct, pchar, mass, flux);
flux->reg[grid->month]=frcg(grid, loct, pchar, mass, flux);
flux->rrg[grid->month]=frrg(grid, loct, pchar, mass, flux};

}else if{flux->epplgrid->month] «=0.0){
flux->rfg[grid->month]=flux->reg[grid->month]=flux->rrg[grid->month]=0.0;

}

- /¥ paritioning of photosynthate *f

mass->fol+=flux->tpf(grid->manth]-flux->rfg{grid->month};
mass->stm-+=flux->1pcgrid->month)-flux->reg[grid->month];
mass->rot+=flux->tpr(grid->month]-flux->rrg[grid->month];

¥

P+ dormancy period
void noleafperiod( struct Gehar *grid, struct  Gcon *loct, struct Pchar  *pchar,
struct Pmas *mass, struct P *flux){
double nn;

nn={double)grid->mm[grid->month];

o litter ¥

flux->|f[grid->month]=nn*fif{grid, loct, pchar, mass);
flux->lc[grid->month]=nn*flc(grid, loct, pchar, mass);
flux->Ir[grid->month]=nn*fIr{grid, locl, pchar, mass),
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f* litter fall %
mass->fol-=flux->Ifigrid->month];
mass->[ai{grid->month]=lai_mass(mass, pchar);
mass->stm-=flux->le[grid->month];
mass->rot-=flux->irgrid->manth];

f* photosynthesis, gross primary production *
flux->gpplarid->monthj=nn*fgpp{grid, loct, pchar, mass);

* maintenance respirations *
flux->rfm[grid->month]=nn*frfm(grid, loct, pchar, mass);
flux->rem(grid->month]=nn*frcmi(grid, loct, pchar, mass);
flux->rrm([grid->month]=nn*frrm(grid, loct; pchar, mass):
ﬂux->rpm[grid->month]:flux->rfm[grld->month]+ﬂu><->rcm[grid->month]+ﬂux->rrm[grld->month]:

f* tentative primary production *
flux->epp(grid->month]=flux->gpp{grid->month)-flux->rpm(grid->month];

# tanslocation of photosynthate ¥
allocation(grid, pchar, mass, flux);

if(flux->epplgrid->month]>0.0){
f* growth construction respiration */
flux->rfglgrid->month)=frfg{grid, loct, pchar, mass, flux);
flux->reg[grid->month)=fregigrid, loct, pchar, mass, flux);
flux->rrg[grid->month]=frrg{grid, loct, pchar, mass, flux);
}else if{flux->epp[grid->month)<=0.0}{ :
ﬂux—>rfg[grid->month]=ﬂux->rcg[grid->month]=ﬂux->rrg{grid->month]=0.0'

}

#  partitioning of photosynthate *

mass->fol+=flux->tpf{grid->month]-flux->rig{grid->month];
mass->stm+=ftux->tpcfgrid->month]-flux->reg[grid->month};
mass->rot+=flux->tprlgrid->month]-flux->rrglgrid->month};
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f  Simulation model of CarboncYCle In Land Ecosystems */
Il Developed by A.to in University of Tsukuba */
I Last updated Aug.01, 2000 *f
* Version 1.5.0 for Olson Biome Map */

f* biome dependent plant carbon exchange processes-----grassland with C3 and C4 plants®/
#include<stdio.h>
#include<stdiib.h>
#include<math.h>
#include"structure h"
#inciude"prototype.h" '
f#* annual process of grassland ecosystems, where C3 and C4 plants coexist
void grass_process(struct Gehar *grid, struct  Gceon *loct, struct Pflx  *flux, -
struct Pchar *pchar, struct  Pmas *mass ¥
/* praparation */ ‘
beforedeal(grid,loct,pchar,mass, flux);

switch{pchar->seaseon[grid->month]}{
case 0: * dormancy *
noleafperiod(grid,loct,pchar,mass,flux); break;
case1: / vegetative growth *
greenperiod(grid,loct,pchar,mass,fiux); break;
case 2. f* leafemergence */
leafemargence(grid,loct,pchar,mass flux); break;
case3: /* leafshedding *
leaffall{grid,loct, pchar,mass,flux}; break;
}
f* settlement */
afterdeal(grid,loct,pchar,mass,flux);
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#  Simulation model of CarboncYCle in Land Ecosystems
r* Developed by Alto In University of Tsukuba

* Last updated Aug.01, 2000

* Version 1.5.0 for Olson Biome Map

flowto HYDROLOGICAL PROCESSES ket
#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#includestructure h”

#include"prototype.h®

void waterbudgetistruct Gchar *grid, struct Geon *oct, struct Echar *ecochar){

double snow,rain.thaw:
double gaini,gain2;
double dry_inx;
double aa,bb,cc;

f* snow/rain portions : empirical equation */
loct->snp(grid->menth]=1.0/{1.0+exp(0.75*

{grid->tmp_2mgrid->monih]-2.0)));

snow=loct->snp[grid->month]*grid->xprate_sfc[grid->monthj;
rain=(1.0-loct->snplgrid->month])*grid->xprate_sfc[grid->month];

* thaw water: empirical equation **/
thaw=1,0/(1.0+exp{-0.375*grid->tmp_sfc{grid->month]}};
loct->thaw[grid->month]=loct->snwa*thaw;

f* penetration from SW30 to SWW *
aa=(double}(grid->mmigrid->month]j*grid->hyd_cond;
aa={aa>0.1)7aa:0.1; aa=(aa<0.9)7aa:0.9,
loct->pntri{grid->month]=aa*{rain+loct->thaw(grid->month));

M water balance 1 **
gaini=(1.0-aa)*(rain+loct->thaw[grid->month));
gain2=aa*(rafn+loct->thaw(grid->manth]);

 wnoff 1, estimated by the bucket mmodel *

dry_inx=grid->whc30-loct->sw30; /* soil dryness index ¥/

aa=gaini*gaini*gaini;

bb=dry_Inx*dry_inx*dry_inx;

cc=aa+hb,;

ce=(cc>=0,0}7¢c:0.0;

loct->ro1(grid->month)=pow(cc,0.33333)-dry_Inx;

loct->rod [grid->month)={loct->ro1{grid->month]>=0.0)?
loct->ro1[grid->month]:0.0;

M runoff 2, estimated by the bucket model *
dry_Inx=grid->whc-loct->sww; /* soil dryness index */
aa=gain2*gain2*gain2;

bb=dry_inx*dry_Inx*dry_inx;

cc=aa+bby,
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ce=(cc>=0.0)?¢c:0.0;

loct->ro2{grid->month]=pow{ce,0.33333)-dry_inx;

loct->ro2[grid->month]=(loct->ro2[grid->moenth}>=0.0) ?
loct-»ro2[grid->month]:0.0;

#* water balance 2%/

loct->sw30+=gaini-loct->rol [grid->month};
loct->sww+=gain2-loct->ro2[grid->month]+loct->ro i [grid->month];
loct->snwa+=snow-loct->thaw[grid->month];

f* evaporation **/

loct->pm_evp(grid->month]=pm_evaporation(grid, loct}; / potential % .

aa=0.85;

bb=(loct->sw30)+loct->pm_evp[grid->month};

cc={loct->sw30)*loct->pm_evplgrid->month);

loct->evpr[grid->month]={bb-sgrt{bb*bb-4.0%*aa*cc))/(2.0*aa); /* actual */

loct->evprgrid->month]= (loct->evpr[grid->month}>0.0) 7
loct->evpr[grid->month]:0.0;

* canopy conductance */
loct->canopy_con[grid->month]=loct->C3ptn*{ecochar->c3).ge[grid->month]
+oct->Captn*{ecochar->c4).gclgrid->month);

P* transpiration **/
loct->pm_trn[grid->month]=pm_transpiration{grid, loct); /* potentiai */
aa=0.85;
bb={loct->sww)+loct->pm_trm[grid->manth];
cc=(loct->sww)*loct->pm_trn[grid->month]; ‘
foct->trspr{grid->month]=(bb-sqrt(bb*bh-4.G*aa*cc))/(2.0%aa); factual®f
loct->trsprlgrid->month]=(loct->trsprlgrid->month]>0.0) ?
loct->trsprigrid->month].0.0;

/* water balance 3%/
loct->5w30+=-1.0*loct->evpr[grid->month];
loct->sww+=-1,0"oct->trsprigrid-=rmonth};

/*  soil apperture: aeroblc or anaerobic */
loct->soil_appr30=(grid->whc30-loct->sw30)/grid->whc30;
loct->s0il_appr30=({loct->soil_apprdd<1.0)?loct->soil_appr30:1.0;
loct->s0il_appr30=(loct->soil_appr30>0.0)7loct->soil_appr30:0.0;
loct->s0il_apprw=(grid->whe-loct->sww)/grid->who;
loct->soll_apprw=(loct->soil_apprw<1.0}?loct->soil_apprw:1.0;
loct->soil_apprw=(loct->soil_apprw>0.0}7|oct->s0il_apprw:0.0;

% put monthly variables **/

{oct->msnwal[grid->monthj=loct->snwa;
loct->mswwigrid->month)=loct->sww;
loct->msw30[grid->month]=loct->sw30;

b

I‘I*mk*ﬂ-**k air denSity ﬂ-k**h\-kk**k*/
double air_density(struct Gchar  *grid,  struct Geon  *oct){
double aaa,bbb,ccc,alr_density;

A-39



hydrology.c

f empirical equation */
aaa=ZAT/(grid->tmp_2m(grid->month]+ZAT);
bbb=|oct->prsr[grid->month]/1013.25;

ccc=1.0-0.378* oct->vp[grid->month)/loct->prsr{grid->month};
air_density=1.203*aaa*bbb*ccc; # kg m-3 */

# 1013.25 (hPa}: pressure at sea-level at 20 .G ¥/

return{air_density);

}

preeeeer saturation  vapour pressure (in - hPa) okt
double vap_pre_sat(struct Gehar *grid,  struct Geon  *loct){
double vps;

# emplrcal equation */

if{grid->tmp_2m(grid->month]>0.0){ # at water surface *
vps=6.1078*pow(10.0,(7.5*grid->tmp_2m(grid->month])/

{237.3+grid->tmp_2m{grid-=month}));

Jelse if{grid->tmp_2m[grid->month]<=0.0){ # at lce surface */
vps=6.1078*pow(10.0,(9.5%grd->tmp_2migrid->month])/

‘ (265.3-+grid->tmp_2m{grid->month}));

}

vps=(vps>=0.0)?vps:0.0;

return(vps);

}

P glope  of the  saturation vapour pressure  curvg kbR
double slope_vps(struct Gehar *grid,  struct Geon  *loct){
double slope,aaa,bbb,cce;

f* empirical equation *
if(grid->tmp_2m[grid->month]>0.0){ * at water surface *
aaa=6,1078*%(2500.0-2.4*grid->tmp_2m|[grid->month]);
bbb=0,4615*(ZAT+grld-»tmp_2migrid->month])*
{(ZAT+grd->tmp_2m[grid->month]);
ccc=pow(10.0,(7.5*grid->tmp_2m(grid->month]}/ -
(237 .3+grid->tmp_2m[grid->maonth]));
}else if(grid->tmp_2m(grid->month]<=0.0}{ /* at lice surface *
aaa=6.1078*2834.0,
bbb=0.4615*{ZAT+grid->tmp_2m(grid->month]y*(ZAT+grid->Imp_2m[grid->month]};
cce=pow(10.0,(9.5*grid->tmp_2m(grid->month])/
(265.3+grid->tmp_2m([grid->month)));
}
slope=(aaa/bbb)*cce;

return(slope);

}

prsesx Agrodynamic  Reslstance ooty
double r_aero(struct Gehar  *grid,  struct Gecon  *oet){
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double k_con;
double r_aero;

k_con=0.41; / Karman's constant {-}*

#* wind velocity at 10m height */

grid->wnd_10m(grid->month]=(grid->wnd_10m[grid->month]>=0.1}?
grid->wnd_10m[grid->month]:0.1;

r_aero=(log(10.0)*log{10.0})/{k_con*k con*gnd -»wnd_i0m[grid->month]);
r_aero=(r_aero>=0.0)?r_aero:0.0;

return(r_aero);

foreeee - Penman-Monteith  Evaporation sty
double pm_evaporation(struct Gehar *grid,  struct Geon  *loct)i{

}

double cp,psycon,spwt,lht,eta;
double ggc, rc_g,evaporation;
double aaa,bbb;

ht=695.0; /M latent heat of water, in Wh kg1 *
spwt=loct->dnsalgrid->month); »* density of air, in kgm-3 *¥
cp=0.2813; /** specific heat of air, in Wh kg1 K1 */
psycon=0.667; f* psychlometer constant, inhPak-1 *¥/
ota=0.0224*1.0/1000.0; /* unit converslon of conductance

fram mmot H20 m-2 s-1 to m 5-1 */

* ground resistance *f
gge=1000.0%(1.0-(grid->whe-loct->sww)/grid->whc}+10.0;
rc_g=1.0/(ggc*eta);

aaa=({loct->slope_vps(grid->mont hi*loct->rad_net_g[grid->month]}+
(cp*spwitloct->vpd|[grid->month/loct->r_aero[grid->monthj);
bbb=loct->slope_vps(grid->month]+psycon*{1.0+rc_gf
loct-r_aero[grid->month]);

evaporation=(double) (grid->mm[grid->month})*
loct->dlen[grid->month]*aaa/bbb/iht;

evaporation={evaporation>=0.0) ?evaperation:0.0,

return{evaporation);

* Penman-Monteith Transpiration ***/
double pm_transpiration(struct Gchar *grid,  struct Geon  *lact){

double cp,psycon,spwt,Iht,eta;
double rc_p, transpiration;
double aaa, bbb,

Iht=695.0: /* latent heat of water, In Wh kg1 */
spwi=loct->dnsa[grid->month];  #* density of air, In kgm3 */
cp=0.2813;  f* specific heal of air, in Wh kg1 K1 *
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psycon=0.667; * psychlometer constant, inhPa K-1 wxf
eta=0.0224*1.0/1000,00  /** unit conversion of conductance
from mmol H20 m-2 s-1 to m &-1

if loct->canopy_con|grid->month]>0.0){
P*  canopy resistance **/
rc_p=1.0/{loct->canopy_con[grid->month]*eta);

aaa=(loct->slope_vps(grid->month]*loct->rad_net_plgrid->month]}+
(cp*spwitioct->vpd[grid->month)/loct->r_aero[grid->month]);

bbb=loct->slope_vps[grid->month}+psycon*
{1.0+rc_pfloct->r_aero[grid->month]); ‘

transpiration=(double) (grid->mm{grid->month])*
loct->dlen[grid->month]*aaa/bbbylht;

else{
f* if no leaf*/
transpiration=0.0;

}.

transpiration=(transpiration>=0.0) ?transpiration:0.0;

return(transpiration);
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/  Simulation model of CarboncYCle in Land Ecosysiems

7 Developed by Alto in University of Tsukuba

* Last updated Aug.0f, 2000

* Version 1.5,0 for Olson Biome Map

e initialize  environmental  characteristics in each grid
#include<stdio.h>

#include<stdlib.h>

#include<math.h>

#include"structure.h"

#include"prototypa.h"

extern double tem_dev[GCM_C][70][12];
extern double pre_dev[GCM_CJ[70j(12];

/* initialize general parameters used in the simulation®/
void initSim(struct Gehar - *grid){

long fyear;

double p1p.is92a;

FILE *p_CO2;

/* open CO2 scenario file  */
fp_CO2=fopen("scenatio_co2.dat","rt");

#* grid number ¥
grid->nnn=0;

* Number of days foreach month *f

grid->mmi0]=31; /#* January *
grid->mm({1]=28; /* February, no leap years */
grid->mm([2]=31; /* March */
grid->mm([3]=30; /* April *f

grid->mm[4]=31; #* May */

grid->mm([5]=30; /* June */

grid->mm([6]=31; / July */

grid->mm[7]=31; /* August *
grid->mm([8]=30; /* September *
grid->mm(9}=31; /* October *

grid->mm[10]=30; /* Nomember */
grid->mm(i1]=31; /* December *

/* atmospheric CO2 scenatios*/
for{f=0;{<200;f++){
Fopip +1%fyr,  is92a: 1892 #/
fscant(fp_CO2,"%ld %It %if",&year, &p1p, &is92a),

grid->trn_CO2[fl=pip;
}

folose(fp_CO2);
}

/** clear all variables and parameters *¥/ -
vold clear( struct Gehar *grid, - struct  Geon *loct, struct Echar *ecochar,
struct Bmas *mass, struct Cfix *flux){
long f;
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7 initialization of time */
grid->year=grid->month=0;
grid->time=grid->time_hyd=0;

# make avacant call */
vanish(mass, flux);

#* Initializing growth phenology */
{ecochar->c3).grw_pd={ecochar->c4}.grw_pd=0.0;
{ecochar-»>¢3),gdd={ecochar->c4).gdd=0.0;

/* Initializing habitat and ecophysiological conditions ¥

for(f=0;f<121++){
loct->dlen(f]=loct->parif]=0.0;
loct->sl_dec[f]=loct->sl_hgtif]=0.0;
loct->tap_radifi=loct->gl_rad(f]=loct->gl_rad_glf|=0.0;
loct->rad_net_g|[fl=loct->rad_net_p(f]=0.0;
loct-»gd(f]=0;
loct->gdd([f]=0.0;
loct->prsrifl=toct->dnsaff)=loct->dnsal{]=0.0;
loct->vp(f]=loct->vps[f]=loct->vpd[f]=0.0;
loct->slope_vpslf|=loct->r_aero[f]=0.0;
loct->pm_evp[fl=loct->pm_trn[fl=loct->evpr(f=loct->trspr[f]=0.0;
loct->ro1[f]=loct->ro2[fj=loct->msnwa(f]=0.0,
loct->mswwif]=loct->msw30{f]=loct->snp[f}=0.0;
loct->snplfl=loct->thawlf]=0.0,
loct->vme30[fl=loct->vmel{]=0.0;

{ecochar->c3).mgdd[f]=(ecochar->c¢4).mgdd([f]=0.0;
(ecochar->c3).season(f]=(ecochar->c4).season|f]=0;
{ecochar->c3).psatifl=(ecochar->c4}.psat{f]=0.0;
{ecochar->c3).ek{f]=({ecochar->c4).eK[f]=0.0;
{ecochar->c3).lue(f]={ecochar->c4).lue(f]=0.0;
(ecochar-=¢3).gs(f]=(ecochar->c4}.gs(fl=0.0;
(ecochar->¢3).gc[f]={ecochar->c4).gc[f]=0.0;
(ecochar->c3).ciff]={ecocHar->c4),cilf]=0.0;
{ecochar->c3).opt_lai[fl={ecochar->cd}.opt_lai[f]=0.0;
{scochar->¢3).qTif|=(ecochar->cd).qTi[f1=0.0;
{(ecochar->c3).qTc[fl={ecochar->c4).qTc[f]=0.0;
(ecochar->c3).qTr[f]=(ecochar->c4).qTr{f]=0.0;
{ecochar->¢3).{[f]={ecochar->c4).I{f]=0.0;
{ecachar->¢3).1c[f]=lecochar->¢4).ic[f]=0.0;
{ecochar->¢c3).Ir[f]={ecochar->c4),Ir[f]=0.0;
{ecochar->¢3).mailoc_f{f]={ecochar->c4).malloc_{{f]=0.0;
(ecochar->c3).malloc_c[f]=({ecochar->c4).malloc_c[f]=0.0;
(ecochar->c3).malloc_r(fj={ecochar->c4).malloc_r[{]=0.0;

{(ecochar->soil}.albedo[f]=0.0;

}

proesnitialize  grid  conditions et/
vold initG( FILE *fp_s[4], struct Gchar  *gridi{
/ initlalize climate and soil parameters by using the prepared data files  **/

long e,countryregion,aaa;
double tmp_sfctmp_2mtmp10_soll,tmp200_soil,dswrf_toa,dswrf_sfctcde_clm;
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double xprate_sfc,spfh_2m,soilw10,s0ilw200,ugrd_10myvgrd_10m;
double geo prop;

f* grid area, inkm2 */
grid->area=55.6*55.6*sin({(double) (grid->raw)/2.0+0.25)*PI/180.0);

/* grid coordinates, in degree  */
grid->lat=88.75-0.5*(double} grid->raw; /* latitude */
grid->lon=-179.75+0.5*(double}grid->col; /* longitude */

ek GOM grid point  Feesskey
P> GFDL *¥
/grid->raw_gem=grid->raw/o;
/fgrid->col_gem=grid->col/15;

/™ GISS&MRI */
if(grid->raw<4){
grid->raw_gem=0;
teise if{grid->raw>=4}{
grid->raw_gcms=(grid->raw+4)/8;
}

grid->col_gem=grid->col/10;

~ input geography in the grid **/
fscanf(fp_s[0],"%Id %!d" &country,&region);
grid->country=country;  /* country code ¥
grid-»>region=region; f* region code ¥

* input vegetation number (Olson's biome) **/
fscanf{fp_s[1],"%Id",&aaa);
grid->vegNo=aaa;

* input soil propertles **/
fscanf(fp_s(3),"%If*,&geo_prop);
geo_prop=(gec_prop>0.0)7geo_prop:0.0;
grid->topo=geo_prop; /* topography *
fscanf(fp_s[3],"%If",&geo_prop);
geo_prop=(gec_prop>10.0}7geo_prop:10.0;
grid->whc30=geo_prop; & whc 30cm *
fscanf(fp_s[3],"%If",&geoc_prop);
geo_prop=(geo_prop>10.0)7geo_prop:10.0;
grid->whe=geo_prop; /*whc whole */
fscanf(fp_s{3),"%!{" . &geo_prop);
geo_prop=(geo_prop>50.0) 7geo_prop:50.0;
grid->sd=geo_prop; /f* rooting depth *
fscanf(fp_s{3},"%lIf",&geo_prop); #* soil depth *
fscanf(fp_s(3],"%H",&geo_prop);  #~ slope ¥
fscanf(fp_s(3],"%If" &gec_prop); A n ¥
fscanf(fp_s[3},"%If",&geo_prop); * psis ¥
fscanf({fp_s[3],"%If".&gec_prop);
geo_prop={geo_prop>0.003}7geo_prop:0.003;
grid->hyd_cond=geo_prop; /* ks *
fscanf(fp_s[3],"%If" &geo_prop); A b ¥

feeeksinput monthly  climate  conditions  **tskRaxf
for{e=0;e<12;e++){ [ surface temperature *
tscanf(fp_s[2],"%If", &tmp_sfc); grid->tmp_sfc_ale]l=tmp_sfc;
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}

for(e=0;e<12;0++}{ / air temperature at 2m height *
fscanf{fp_s[2],"%!f",&tmp_2m}); grid->tmp_2m_a[e]=tmp_2m;

}

forfe=0,e<12;e++){ / soil temperature at 10 cm depth */
fscanf(fp_s[2),"%If",&tmp10_soil); grid->tmp10_soll_ale]=tmp10_soil;

}

for(e=0;e<12;e++){ /# soil temeperature al 200 cm depth
fscanf(fp_s[2],"%If",&tmp200_scil); grid->tmp200_sail_ale]=tmp200_soil;

}

for(e=0;e<12;e++){ /* downward sclar radiation at the atmosphere-top ¥/
fscanf{fp_s(2],"% " &dswrf_toa); grid->dswrf_toa_afe]=dswri_toa;

}

for(e=0;e<i2;e++){ / downward solar radiation at the surface ¥/
fscanf(fp_s[2],"%aH" &dswrf_sfc); grid->dswrf_sfc_a[e]=dswif_sfc;

}

for(e=0;e<i2;e++){ /* total cloudiness *
tscanf(fp_s[2],"%If" &tcdc_clm); grid->tcdc_clm_ale]=tcdc_clm;

}

for(e=0;e<12;e++){ /* precipitation *
fscanf(fp_s[2],"%If",&xprate_sfc); grid->xprate_sfc_ale]=xprate_sfc;

}

for{e=0;e<12;e++){ M specific humidity at 2 m height #*
fscanf(fp_s[2],"%!" &spth_2m); grid->spfh_2m_ale}=spth_2m;

}

forfe=0e<12;e++){ /M soil water content at 10 em depth %/
fscanf(fp_s{2],"%If",&sollw10); grid->soilw10_ale]=soilw10;

}

for{e=0;e<12;e++){ /* soil water constent at 200 cm depth %/
fscanf{fp_s[2],"%If",&scilw200); grid->scilw200_a[e]=sollw200;

}

for(e=0;e<i12;e++}{ /* zonal wind velocity at 10 m height ¥/
fscani{fp_s[2],"%If" ,&ugrd_10m); grid->ugrd_10m_ale]=ugrd_10m;

for(e=0ie<12;e++){ /& meridional wind velocity at 10 m height */
fscanf(fp_s(2],"%H" &vgrd_10m); grid->vgrd_10m_afe}=vgrd_10m;
}

}

/o inilialize the C3plant biomass to a juvenile stage, MgCha-1 *+v
vold initC3(struct Gichar *grid, struct Bmas . *mass){
short i;

f* Initial mass Is 1.0 Mg C ha-1 for each compartment */
{mass->c3).fol=1.0; (mass->c3}).stm=1.0; (mass->c3).rot=1.0;
for{i=0;i<12;i++H{
(mass->c3}.mfolfi]=1.0;  (mass->c3).mstm[i]=1.0; {mass->c3).mrotfl]=1.0;
}
}

% initialize the C4 plant biomass to a juvenile stage, MgCha-1 *¥
vold initC4(struct Gehar *grid, struct  Bmas  *mass){
short I; )

# Initlal mass Is 1.0 Mg C ha-1 for each compartment *
(mass->cd).fol=1.0; (mass->c4).stm=1,0; (mass->c4).rot=1.0;
for (i=0;i<12ji++H
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(mass->c4}.mfol{i]=1.0;  (mass->c4).mstm([i]=1.0;, (mass->c4).mrotf]=1.0;
}

/o~ Initfalize the soll organic carbon; Mg C ha-1**/
void initSoil(struct Gehar *grid, struct  Bmas  *mass){
short i;

/* initial mass is 1.0 Mg C ha-1 for each compariment */
{mass->soll).ltr=1.0; {mass->soil}.ms!=1.0;
for(i=0;i<12;i++){
(mass->solly.mitrfi]=1.0; (mass->soil}.mmsii]=1.0;
} \
}

/~* |nitialize vegetation conditions ***%/
void initvS{struct Gehar *grid, struct Geon *oct, struct Bmas *mass, struct Echar *ecochar){
long f,g;

f* input parameter */

parameterC3( grid, &(ecochar->c3)); /* C3 planis */
parameterC4( grid, &(ecochar->c4}); f* C4 plants */
parameterSoil(grid, &{ecochar->soil)};  /* soil *f

* growing period*/
for(g=0,g<2;g++){
for (f=0;f<12;f++}
grid->month=f;
growthperiod(grid, loct, &{ecochar->c3)); /* C3*
growthperiod(grid, loct, &(ecochar->c4)}; /< C4 Y

}

f* inputinitial biomass®/
initC3(grid,mass); /*C3%
initC4(grid,mass); /* C4%
initSoil(grid,mass); /* soll */

}

[ nitialize GCM  climate  scenario %
void initGCM( FILE *fp_c{2), struct Gchar  *grid){
long f,g.h;

#* for each column ¥/
for(f=0;f<GCM_C;f++){
* for 70 years of simulation */
for(g=0,g<70;g++}
* for 12 months %/
for{h=0;h<12;h++){
fscanf{fp_c[0],"%If",&tem_dev[flig](h)); /* temperature */
fscanf(fp_c[1],"%lf".&pre_devifllgl(hl); / precipitation */
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f Simulation model of CarboncYCle in Land Ecosystems
r* Developed by A.to in University of Tsukuba

i Last updated Aug.01, 2000

P Version 1.5.0 for Olson Biome Map

f#  functions of litterfall  *
#include<stdio.h>
#include<math.h>
#include"structure h”
#include"prototype.h"

/**Hﬂ***ﬂ**—** fl'om foliagemﬁkﬂ*m*mm/
double fif(struct Gichar *grid, struet Goon *loct,
struct Pchar *veg, struct Pmas *mass){
double If;

f* constant fraction of senescence organ, abandoned as litter */
lf=veg->lf[grid->month]*mass->fol;

return{If};

}

frooeeesiiees - from stem and  branch ek
double fle{ struct Gehar *grid, struct Geon *logt,
struct Pchar *veg, slruct Pmas *mass){
double Ic;

f* constant fraction of senescence organ, abandoned as litter®/
lc=veg->lc[grid->month]*mass->stm:

return(lc);

}

frecrkonnches from root System bbb
double flr( struct Gehar *grid, struct  Geon *loct,
struct Pchar *veg, struct Pmas *mass){
double Ir;

#* constant fraction of senescence organ, abandoned as litter %/
Ir=veg->Ir[grid->month]*mass->rot;

return{ir);
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f*  Simulation model of CarboncYCle in Land Ecosystems *
f* Developed by Alto in Unlversity of Tsukuba *
* Last updated Aug.01, 2000 *
* Version 150 for Olson Biome Map *

f  initialize environmental  locations  */
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

* terminal condition of hydrological subscheme */
#define TERM_HYD 0.1

feenitlalization  of climatic  conditions  (Primary  data)

vold initC(struct Gehar  *grid, struct Geon  *loct, struct Bmas *mass, struct Echar *ecochar){
short h;
double aaa,bbb;

£ monthly **/
for{h=0;h<12;h++){
grid->month=h;

f* climatic conditions *
grid->tmp_siclh]=grid->tmp_sfc_a[h]-ZAT;
grid->tmp_2m[h]=grid->tmp_2m_alh}-ZAT;
grid->tmp10_soil[h]=grid->tmp10_soil_a[h]-ZAT;
grid->tmp200_soilfh]=grid->tmp200_scil_a[h]-ZAT;
grid->dswrf_toa[h]=grid->dswrf_toa_a[hj;
grid->dswrf_sfc[h]=grid->dswri_sfc_a[h];
grid->tede_cim[h}=grid->tedc_clm_a[h}/100.0;
grid->xprate_sfclh]=grid->xprate_sfc_af{h]*(double){grid->mm[h]);
grid->spth_2m{h]=grid->spth_2m_afh];
grid->soilw10[h]=grid->soilw10_a[h];
grid->soilw200[h]=grid->soilw200_a[h],

f* solar condition *
loct->sl_declh]=s|_dec(grid); /* solar decrination *
loct->sl_hgt[h]=sl_hgt(grid, loct); /* solar height *

/* radiationfluxes and day-length */
loct->top_rad{h]=top_rad{grid, loct); /* atmosphere-top radiation */
loct->gl_rad[h]=gl_rad{grid, loct); /* global radiation *
loct->par(h]=par{grid, lost), / PAR at the surface at midday */
loct->dlen{h]=dlen{grid, loct); /* wind velocity */

/£ total wind velocity */
aaa=grid->ugrd_10m_a[h]*grid->ugrd_10m_a(h}; # zonal */
bbb=grid->vgrd_10m_afh}*grid->vgrd_10m_a[h]; # meridional */
grid->wnd_10m[h]=sqrt(aaa+bbb};
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feeeesgcation  conditions  derived from the primary data (Secondary datat) ¥/
void initL{struct Gchar *grid, struct Gcon *loct, struct Bmas *mass, struct Echar *ecochar){

short h,nn;
double d_smc_a; /* determinant of stabilization *

/* portion of C3 and C4 plant™*/
c34composition(grid, loct);

M water condition - Sim-HYDRO*Y/

f*  initial values ¥ .
loct->sww=0.5*grid->whc;

loct->sw30=0.5*grid->whe30;

loct->snwa=0.0;

/* tabilization roop under LAI=1.0%
nn=0; d_smc_a=10.0;
while(d_smc_a>TERM_HYDY
d_smc_a=loct->sww;
for{h=0;h<12;h++){
grld->month=h;
(mass->c3).lai[grid->month] =loct->C3ptn;
(mass->c4) lai[grid->month]=loct->C4ptn;

f* location condition *
dynmcligrid, loct, mass, ecochar);
}
d_smec_a=fabs({loct->sww-d_smc_a);
grid->time_hyd=nn; f* simulation time of water budget *
nn++;

f(nn<6){
d_smc_a=10.0; /* at least § years *
}
if(nn>50){
break;

}
}

f** dynamic estimation of environmnetal conditions (Secondary data2) **/
void dynmel.(struct Gehar *grid, struct Geon *logt, struct Bmas *mass, struct Echar
*geochar){

long h;

double alt;

if(grid->month==0{ /* calculate only in January *
grid->tmp_sfc_am=0.0;
grid->tmp_sfc_mx=-100.0;
grid->tmp_sfc_mn=100.0;
grid->xprate_sfc_ann=0.0;
for(h=0;h<12;h++){
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f* annual mean temperature */

grid->tmp_sfc_am+=grid->tmp_sfc[h)/12.0;

 annual maximum *

grid->tmp_sfc_mx=(grid->tmp_sfcih]>grid->tmp_sfc_mx)?grid->tmp_sfc[h):grid-
>tmp_sfc_mx;

# annual minimum %

grid->tmp_sfc_mn=({grid->imp_sfclh]<grid->tmp_sfc_mn)?grid->tmp_sfclh}:grid-
>tmp_sfe_mn;

# annual total precipitation */

grid->xprate_sfc_ann+=grid->xprate_sfc[h];

}

M* air conditions */

f* altitude ¥

alt=(grid->topo>=0.0)7grid->topo:0.0;

/¥ air pressure*

loct->prsrigrid->month)=1013.25%exp(-1.0*(28.964*0.001)*9.8*all/
{8.3144*(grid->tmp_2m[grid->monthj+ZAT)));

f*1013.25 : control pressure at the sea-level at 20. C*/

M saturated vapour pressure, hPa *f
loct->vps[grid->monthl=vap_pre_sal(grid, [ocl);
f* slope of saturated  vapour pressure as a function of temperature ¥
loct->slope_vps(agrid->month]=slope_vps(grid, loct);
f* aerodynamic resistance *
loct-=r_aero[grid->month)=r_aero(grid, loct);
f* vapour pressure,hPa *f
loct->vp[grid->month]=loct->prsrigrid->month]*grid- > spih_2m[grid-=month}/
{0.622+grid->spfh_2m[grid->manth]);
/¥ vapour pressure deficit *
loct-=vpd(grid->month]=(loct->vps{grid->monthj>=
loct->vp[grid->month]} ?loct->vps[grid->month]-loct->vplgrid->month]:0.0;
/#* ar density *
loct->dnsajgrid->month]=alr_denslty(grid, loct);

f** net radiation **/

net_rad(grid, loct, mass, ecochar),

* acophysiology : changing **

ecophysiology(grid, loct, &{ecochar->c3), &(mass->c3));
ecophysiology(grid, loat, 8{ecochar->c4), &(mass->c4}},
f* hydrologlcal waler budget **/ .
waterbudget(grid, loct, ecochar);
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f  Simulation model of CarboncYCle in Land Ecosystems *
" Developed by A.lto in University of Tsukuba *
” Last updated Aug.01, 2000 i
* Version 1.5.0 for Olson Biome Map *

f* main roop for 0.5-degree version of Sim-CYCLE ¥/

#include<stdijo.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

#+*  global variables for climate scenario %/
double tem_dev[GCM_C}[70]{12];
double pre_dev[GCM_C][70}[12];

M main simulation roop %
int main(){
long f,g;
struct  Gcehar grid;
struct Gcecon loct;
struct Bmas mass;
struct Cilx  flux;
struct Echar ecochar;
FILE *fp_r{3];
FILE *fp_c[2];
FILE *fp_s[4];

** open source files **/

fp_s[0]=fopen{"ansis_05_nat_reg","rt"}); A nation and region *
fp_s[1]=fopen{“olson_biome.dat3","rt"); /* Olson's biome *
fp_s[2]=fopen({"climate_avrg_int_A_13""rt"); /* mean climate *
fp_s[3]=fopen("geo_prop_dat""t"); /* geological and soll properties */

M open result file*/ '
fp_c{0]=fopen("mri_tem_devh_md_dat","n'"); /* temperature change *
fp_c[1]=fopen{"mri_pre_devh_md_dat","rt"}; /* precipitation change *

# open result file**/

fp_r[O]=fopen("res_stable0_01_00_CDGD3","wt"); /*  result for the past CO2 level ¥/
fp_r[1]=fopen("res_stable1_01_00_CDGD3","wt"); /* result for the present CO2 level
fp_r[2]=fopen("res_stable2_01_00_CDGD3","wt"); / result for the future CO2 level

f* initiglize configuration **/
initSkm{&grid);

* meridional roop *
for(f=0f<360;f++){
/* read climate scenario  */
#if{f%9==0}{
If{f==0|{f%8==4K
/initGCM (fp_c, &grid);
}

f* zonalroop *
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for(g=0,g<720;g++){
M*roop of longitudinal rows, from W to E at the 0.5deg resolution */
grid.raw=f;, grid.col=g;
initG{fp_s, &grid); M Initialize grid condition **/

printf("%3ld %3!d:%3Id %3ld: %7.21f 7.2l %3ld¥n",
grid.raw,grid.col,grid.raw_gcm,grid.col_gem,grid.lat,grid.lon,grid vegNo);
fprintf(fp_r[0],"%3ld %3!d %3id¥n",grid.raw,grid.col,grid.vegNoj;
fprinti(ip_r[1],"%3ld %31d %31d¥n" grid.raw,grid.col,grid.veghNo);
fprintf{fp_r[2],"%3ld %3ld %3ld¥n",grid.raw,grid.col,grid.vegNo);
if(gridvegNol=0){ /* for land cells */
grid.nnn++;

/ﬂ**ﬁm*ﬂmﬁﬂm/
grid.aCO2=grid.trn_CO2[0]; /* in 1900 : 296.4 ppmv*/
f** clear all parameters *¥

clear(&grid, &loct,&ecochar,&mass, 8flux);

/* Inltialize vegatation and soil conditions */
InitVS(&grid, &loct,&mass,&ecochar);

#* initialize climate conditions ¥/
initC(&grid,&loct,&mass,&ecochar);

f initialize location conditions **/

initL{&grid, &loct,&mass,&ecochatr);

f* stabilization roop *
#* carbon dynamics until stabilization **/
¢_dynamics_stab{8grid,&loct,&ecochar,&mass, &flux);

P outputs  *f
screenshow(&grid, &loct, &mass, &flux, &ecochat);
publish_cbud(&grid, &loct, &ecochar, &mass, &flux, fp_r0]);

f*  transitional-run roop *¥/
f*  carbon dynamics for transition **/
c_dynamics_tran(&grid,&ioct,&ecochar,&mass,&flux);

Wmﬂﬂ*ﬂ*&ﬂ*ﬂ*ﬂ*ﬁ*ﬂ*ﬂ**ﬂﬂ/
grid.aCO2=grid.trn_CO2[80];  /*in 1990 : 352.7 ppmv*/
p* clear all parameters *¥/
clear(&grid,&loct,&ecochar,&mass,&flux);

P initialize vegatation and soil conditions */
intvS{&grid,&loct,&mass, &ecochar);

P initlallze * climate conditions  **/
initC(&grid,&loct, &mass, Secochar);

/* initialize location conditions **/

initL{&grid, &loct,&mass,&ecochar),

[ stabilization roop **/
#* carbon dynamics until stabilization **/
¢_dynamics_stab{&grid, &loct,&ecochar,&mass,&dlux);

/* outputs  */
screenshow(&grid, &loct, &mass, &flux, &ecochar);
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publish_cbud{&grid, &loct, &ecochar, &mass, &ftux, fp_r{1});

A+ transitional-run  roop ¥/
/* carbon dynamics for transilion */
¢_dynamics_tran{&grid,&loct,&ecochar,&mass,&flux, fp_r1]);

fﬂmmmﬂ*ﬁ*ﬁﬂ*ﬂﬁﬂmﬂ****/
grid.aCO2=grid.trn_CO2[160]; /*in2060: 707.8 ppmv*/
/* clear all parameters */
clear(&grid,&lact,&ecochar,&mass,&flux);

#*  Initialize vegatation and soll conditions **/
InttVS{&grid,&loct, &mass,&ecochar);

f# initiallze climate conditions  */
initC(&grid,&loct,&mass, &ecochar);

/#*  Initialize location conditions **/
initL{&grid, &loct, &mass,&eacochar);

/ stabifization roop **
/* carbon dynamics untl stabllization **/
¢_dynamics_stab{&grid,&loct,&ecochar,&mass, &flux);

M outputs  *¥/
screenshow(&grid, &loct, &mass, &flux, &ecochar);
publish_cbud(&grid, &loct, &ecochar, &mass, &flux, fp_t[2]};

/* transitional-run roop **/
/* carbon dynamics for transition */
¢_dynamics_tran(&arid,&loct,&ecochar,&mass, &flux);

¥ close files *

folose(fp_s[0)); fclose(fp_s[1]); felose(fp_s[2]); fclose{fp_s[3));
felose(fp_cl0); fctoseffp_c[1]);

felose{fp_r[0)); fclose(fp_rI1)); fclose(fp_r{2));
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f* Simulation model of CarboncYCle in Land Ecosystems *f
* Deveioped by A.to in University of Tsukuba *f
* Last updated Aug.0f, 2000 *f
I Version 1.5.0 for Olson Biome Map *f
f+*  ecophysiological and morphological parameters **/

#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"pratotype.h”

frxex Setting  characteristics for €3 plants
void parameterC3(struct Gichar *grid, struct Pchar *c3){

*hl'k*t‘kﬂn\’f

7~ reflectivity, or albedo *
double albev[VEG_NUM]={0.10,

/* allocation

ration for

0.10, 0.10,
0.10, 0.10,
0.15, 0.15,
0.10, 0.10,

0.10,
0.10,
0.15,
0.10,

double alloc_assv[VEG_NUM]={0.2,

021, 0.21,
0.19, 0.19,
0.25, 0.25,

0.21,
0.19,
0.25,

0.10,
0.10,
0.10,
0.10,

assimilation organ,

0.20,
0.19,
0.22,

0.20, 0.25, 0.25,
f* allocation ration for
double alloc_abgvlVEG_NUM]={0.5,
052, 051, 0.52,
050, 0,49, 0.50,
0.18, 0.5 010, 0410,

0.25,

0.51,
0.49,

0.10,
0.10,
0.10,
.10,

0.10,
0.15,
0.10,
0.10,

fraction *f

0,20,
0.23,
0.20,
0.30,

0.62,
0.45,
0.18,

0.20,
0.23,
0.20,
0.30,

0.52,
0.30,
0.35,

0.10,
0.15,
0.10,
0.10,

0.21,
0.25,
0.20,
0.30,

aboveground non-assimilation organ,

0.52,
0.13,
0.30,

0.10,
0.15,
0.10,
0.10,

0.18,
Q.25,
0.20,
0.30,

0.10}

fraction

0.52,
0.13,
0.30,

0.40, 0.45 030, 0.30,
M specific leaf area, ecm2gdm-1 *
double slav[VEG_NUM]={150.0,
175.0, 165.0,
120,0, 120.0,
140,0, 1350, 140.0, 140.0,
140,0, 130.0, 120.0, 120.0,
#* light attenuation coefficient, no dimension ¥
double eKOV[VEG_NUM]={0.50,
050, 0.50,
0.54, 0.54,
0.42, 042, 042, 050,
050, 050, 042, 042,
/* light-use efficlency, or quantum yield ,
double luev[VEG_NUM]={0.05,
0.05, 0.05, 0,05, 0.05, 0.05, 0.05, 0.05, 0.05,
0.05, 0.08, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05,
0.05, 0,05, 0,05, 0,05, 0,05, 0.05, 0.05, 0,05,
# potential maximum rate, micromol CO2 m-2s-1  *f
double pmaxv[VEG_NUM]={15.0,

0.10, 0.25, 0.20, 0.19, 050}

155.0,
110.0,

165.0,
110.0,

165.0,
135.0,
120.0,
150,0,

145,0,
140.0,
130.0,
150.0,

150.0,
140.0,
140.0,
150.0,

130.0,
140.0,
140.0,

145.0, 150.0}

0.50,
0.54,

0.52,
0.54,

0.62,
0.80,

0.52, 0.53,
0.42, 0.42,
0.50, 0.50, 050, 050,
0.42, 047, 047, 047, 050}
mol CO2 mol photon-1 *f

0.54,
0.42,

0.05}
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15.0, 15.0, 15.0, 14.0, 14.0, 14.0, 14.0, 13.0,
13.0, 13,0, 13.0, 13.0, 13.0, 13.0, 12,0, 14.0,
14.0, 13,0, 14.0, 13.0,12.0, 13.0, 13.0, 13.0,
13.0, 14.0, 14.0, 14,0, 14,0, 15.0, 15.0, 15.0, 15.0};
/* optimum temperature, respectively, deg C*
double toptOV[VEG_NUM]={20.0,
25.0, 25.0, 25.0, 20.0, 20.0, 20.0, 22.0, 18.0,
18,0, 18.0, 18.0, 18.0, 22,0, 22,0, 22,0, 23.0,
22.0, 20,0, 23.0, 18.0, 18.0, 18.0, 20.0, 20.0,
20.0, 20.0, 23.0, 25.0, 22.0, 20.0, 22.0, 20,0, 20.0%
# minimum temperature, respectively, deg C¥
double tminv[VEG_NUM]={0.0, '
8.0, 6.0, 80, 40 4.0, 4.0, 40, 0.0,
0.0, 00,-1.0,-1.0, 00, 0.0, 0.0, 3.0,
0., 00, 3.0,-1.0,-3.0 -20, 0.0, 0.0,
0.0, 00, 00, 3.0, 50 00, 30 0.0 0.0}
# maximum temperature, respectively, deg C¥
double tmaxv[VEG_NUM)]={40.0,
45.0, 45.0, 45.0, 42.0, 42,0, 42,0, 44.0, 40.0,
40.0, 40,0, 40.0, 40.0, 40,0, 40.0, 40.0, 45.0,
45.0, 45.0, 45.0, 40.0, 40.0, 40,0, 40.0, 40.0,
40.0, 40.0, 45.0, 45.0, 40.0, 40.0, 40.0, 40,0, 40.0};
f* parameter of stomatal conductance, mmol H2O m-2s-1 ¥
double gs_bOv[VEG_NUM]={10.0,
10.0,10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0,
10.0,10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0,
10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0,
10.0,10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0};
/* parameter of stomatal conductance, mmol H20 m-2s-1  *
double gs_bfv[VEG_NUM]={200000.0,
2100000, 210000.0, 200000.0, 200000,0, 200000.0, 195000.0, 183000.0, 170000.0,
170000.0, 170000.0, 170000.0, 170000.0, 190000.0, 190000.0, 170000.0, 190000.0,
180000.0, 180000.0, 180000.0, 170000.0, 170000.0, 170000.0, 190000.0, 190000.0,
190000.0, 170000.0, 160000.0, 160000.0, 200000.0, 200000.0, 200000.0, 200000.0,
200000.0};
/* parameter of sfomatal conductance, mmol H20 m-2s-1 %
double gs_b2v(VEG_NUM|=(5.0,
4.8,48,51,5.0,5.0, 54,58,5.0,
5.0,582,50, 5.2 5.0, 45, 4.5, 4.5,
4.7, 45,45, 4.8,5.0, 5.0, 5.0, 5.0,
4.0,6.0,6.0, 6.0, 4.0, 4.5, 4.0, 4.5, 5.0);
# parameter of non-stomatal water limitation  */
double km_nstiv[VEG_NUM]={0.30,
0.34, 0.35, 0.34, 0.34, 0,34, 0.31, 0.31, 0.34,
0.34, 0.32, 0.34, 0.32, 0.32, 0.32, 0,32, 0,32,
0.31,0.31, 0.32, 0,32, 0.32, 0.32, 0.32, 0.32,
0.32,0.32, 0.31, 0.31, 0.37, 0.34, 0.36, 0.34, 0.32);
f* dependence of photosynthesis on intercellutar CO2 concentration, ppmv  */
double kmciv[VEG_NUM]={30.0,
33.0, 33.0, 33.0, 30.0, 30.0, 30.0, 28.0, 30.0,
30.0, 30.0, 30.0, 30.0, 30,0, 40.0, 40.0, 40.0,
37.0, 40.0, 40.0, 40.0, 25.0, 25.0, 30.0, 30.0,
30.0, 30.0, 30.0, 30.0, 30.0, 30.0, 30.0, 30.0, 30.0};
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f* CO2 compensation point, ppmv ¥
double cmpedv[VEG_NUM]={50.0,
50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50,0, 50,0,
50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50.0,
50.0, 50,0, 50.0, 50.0, 50,0, 50.0, 50.0, 50.0,
50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50.0, 50.0};
M foliage specific growth respiration rate,gC g C-1alloc®
double rgfv[VEG_NUM]={0.60,
0.56, 0.56, 0.56, 0.56, 0.58, 0.55, 0.55, 0.55,
0.55, 0.55, 0.55, 0.55, 0.59, 0.59, 0.59, 0.59,
057, 0.59, 0.59, 0.57, 0.57, 0.7, 0.57, 0.57,
" 057,057, 0.57, 0.57, 0.59, 0.59, 0.59, 0.59, 0.60}; .
¥ wood specific growth respiration rate,gC g C-1alloc¥
double rgev[VEG_NUM]={0.20,
0.20, 0.20, 0.20, 0.20, 0.20, 0.2¢, 0.20, 0.20,
0.20, 0.20, 0.20, 0.20, 0.30, 0.32, 0.32, 0.32,
0.25, 0.35, 0.35, 0.31, 0,30, 0,30, 0.80, 0.30,
0.30, 0.34, 0.32, 0.32, 0.35, 0.35, 0.35, 0.35, 0.20),
f* root specific growth respiration rate,gC gC-1 alloc¥/
double rgrvIVEG_NUM]={0.2;
0.28, 0.29, 0.29, 0.28, 0.28, 0.29, 0.29, 0.29,
0.29, 0.29, 0.29, 0.29, 0.38, 0,40, 0,40, 0,40,
0.34, 0.43, 0.43, 0.39, 0.38, 0.36, 0.38, 0.38,
0.38, 0.42, 0.40, 0.40, 0.43, 0.43, 0.43, 0.43, 0.30};
f* follage specific maintenance respiration rate at 15degC,mgCgC-1day-1 ¥
double rmfOv[VEG_NUM]={1.75,
1,60, 1.61, 1.60, 1.61, 1,61, 1,62, 1,49, 1.49,
1.48,1.49, 1.48,1.49, 1,70, 1.77, 1.75, 1.75,
1.63,1.70, 1.70,.1.61, 1,55, 1,53, 1,67, 1.82,
1.67,1.66, 1.65,1.65,1.78, 1.78, 1.78, 1.76, 1.71}
f* sapstem, specific maintenance respiration rate  at 15degC, mg CgC-iday-1 ¥
double rmc_sv[VEG_NUM}={0.10,
0.068, 0.068, 0.068, 0.070, 0.070, 0.069, 0.069, 0.070,
0.070, 0.070, 0.070, 0,070, 0.090, 0,100, 0.100, 0.100,
0.092, 0.100, 0.100, 0.095, 0.095, 0.085, 0.100, 0.100,
0.100, 0.080, 0.1060, 0,100, 0.100, 0.100, 0.100, 0.100, 0.10};
/* saproot, specific maintenance respiration rate at 15degC, mg Cg C-1day-1 ¥
double rmr_sv[VEG_NUM]={0.50,
0.250, 0,260, 0.265, 0.260, 0.260, 0.263, 0.260, 0.265,
0.265, 0.265, 0.265, 0.265, 0.350, 0,520, 0.450, 0.450,
0.450, 0,570, 0.570, 0,510, 0.460, 6,390, 0,480, 0.450,
0.470, 0,450, 0.500, 0.500, 0,540, 0,540, 0.540, 0.540, 0.500};
# heart stem, specific maintenance respiration rate at 15degC, mg CgC-1day-1 ¥/
double rmc_hv[VEG_NUM]={0.010, ‘
0.0037, 0,0039, 0,0040, 0.0040, 0,0040, 0.0043, 0,0040, 0.0046,
0.0046, 0.0046, 0.0048, 0.0048, 0.0080, 0.0090, 0,0100, 0.0100,
0.0080, 0.0100, 0.0100, 0.0090, 0.0080, 0.0080, 0.0100, 0,0095,
0.0090, 0.0085, 0.0100, 0.0100, 00110, 0,0110, 0.0110, 0.0110, 0.0100});
/  heart root, specific maintenance resplration rate at 15 degC, mgC g C-1day-1 ¥/
double rmr_hv[VEG_NUM]={0.0500, -
0.0185, 0.0190, 0,0190, 0,0190, 0.0190, 0,0193, 0.0180, 0.0200,
0.0200, 0.0200, 0.0205, 0.0205, 0.0320, 0.0460, 0.0410, 0.0410,
0.0350, 0.0410, 0.0440, 00370, 0.0380, 0.0340, 0.0440, 0.0430,
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0.0440, 0.0430, 0,0460, 0,0460, 0.0490, 0.0490, 0.0490, 0.0490, 0.0500};
* temperature dependence Q10, folaige, dimensionless */
double qTiV[VEG_NUM]={2.0,
20,20 20,20,20 20, 20,20,
20,20, 20,20, 2.0, 20,20, 2.0,
20,20,20,20,2.0,20, 20,20,
2.0,2.020,20,20,2.0,20, 2.0, 2.0}
f* temperature dependence Q10, stem, dimensionless ¥/
double qTev[VEG_NUM]={2.0,
2.0,2.0,20, 20, 20,20, 20,2.0,
20,2020 20 20,2.0, 20, 2.0, .
20,2020 20,202.0,20, 20, .
20,20,20,20,20,2.0,20,20, 2.0}
f* temperature dependence Q10, root, dimensionless *
double qTrv[VEG_NUM]={2.0,
2.0,2.0,20,20,20,2.0,20,2.0,
20,2020 20, 20,20, 20, 2.0,
2.0,20,20, 20,20, 20,20, 2.0,
2.0,2.0,20,2.0,20,2.0, 20,20, 20}
* specific litter fall rate, follage, fraction *
double IVVEG_NUM]={0.0010,
0.00238, 0.00248, 0,00238, 0.00205, 0.00180, 0.00150, 0.00130, 0.00130,
0.00130, 0.00130, 0.00130, 0,00150, 0.00230, 0.00210, 0.00230, 0.00250,
0.00210, 0.00250, 0.00250, 0.00170, 0,00150, 0.00180, 0.00250, 0.00250,
0.00250, 0.00260, 000275, 0.00260, 0.00210, 0.00170, 0.00170, 0.00170, 0.00160};
f* specific litter fall rate, stem, fraction */ '
double lev[VEG_NUM]={0.00010,
0.000070, 0.000070, 0.000070, 0.0000889, 0.000071, 0.000071, 0.000072, 0.000072,
0.000072, 0.000072, 0.000072, 0.000072, 0.000083, 0000102, 0.000124, 0.000101,
0.000101, 0.0001186, 0,000128, 0.000128, 0.000108, 0.000092, 0.000098, 0.000084,
0.000088, 0.000099, 0.000108, 0.000108, 0.000108, 0,000099, 0.000138, 0,000128,
0.000100};
# specific litter fall rate, root, fraction */
double Iv[VEG_NUM]={0.0010,
0.00039, 0.00039, 0,00038, 0.00039, 0.00040, 0.00040, 0.00040, 0.00041,
0.00041, 0.00041, 0.00041, 0.00041, 0.00083, 0.00103, 0.00110, 0.00088,
0.00095, 0.00103, 0.00113, 0.00093, 0.00098, 0.00082, 0.00086, 0.00079,
0.00075, 0.00079, 0.00096, 0.00101, 0.00118, 0.00093, 0.00123, 0.00123, 0.001 00},
P deciduous leaf fraction (seasonal forestand grassiand) *
double dedvVEG_NUM)={0.00,
0.00, 0,00, 0,50, 0.40, 0.00, 0.00, 0.00, 0.00,
0.00, 0.50, 0.00, 0.50, 0.00, 0.60, 0.60, 0.50,
0.50, 0.60, 0.50, 0.00, 0.00, 0.00, 0,00, 0.00,
0.00, 0.00, 0.50, 0.50, 0,00, 0.00, 0.00, 0.00, 0.00};
f* root profile parameter *
double root_stratv[VEG_NUM]={0.95,
0.95, 0.95, 0.95, 0.95, 0.95, 0,95, 0.85, 0,95,
0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0,95,
0.95, 0,95, 0.95, 0.95, 0,95, 0.95, 0,95, 0.95,
0.85, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0,95, 0.95);

c3->phototype=3;
¢3->albedo=albevigrid->vegNo];
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c3->alloc_ass=alloc_assv(grid->vegNo]; c3->alloc_abg=alloc_abgv(grid->vegNo;

c3->sla=slav[grid->vegNo];

¢3->eK0=eK0v[grid->vegNo];

c3->lueO=luev(grid->vegNa];

¢3->pmax=pmaxv[grid->vegNo];

c3->toptO=toptOv[grid->vegNo];  ¢3->tmin=tminv[grid->vegNo]; c3->tmax=tmaxv(grid->vegNal;
c3->gs_b0=gs_bOv[grid->vegNo]; c3->gs_b1=gs_b1v{grid->vegNo];
c3->gs_b2=gs_b2vigrid->vegNo];

¢3->km_nstl=km_nstiv[grid->vegNa];

c3->kmci=kmciv[grid->vegNo]; ¢3->cmpcd0=cmpedvi{grid->vegNo];

c3->raf=rgfv(grid->vegNo]; c3->rge=rgevigrid->vegNo]; c3->rgr=rgrv(grid->vegNo];
c3->rmf0=rmf0v(grid->vegNo];

c3->rme_s=rme_svigrid->vegNc]; c3->rmr_s=rmr_sv[grid->vegNa] ;
c3->rme_h=rmec_hv(grid->vegNo]; ¢3->rmr_h=rmr_hv{grid->vegiNo] ;
c3->qTf0=qTiv[grid->vegNo]; ¢c3->qTcO=qTev[grid->vegNo]; ¢3->qTro=qTrv[grld->vegNo];

¢3->lf0=lfv[grid-»vegNo]; ¢3->lcO=lcv[grid->vegNo]: c3->Ir0=Irvfgrid->vegNo];
¢3->ded=dcdv[grid->vegNol;
£3->root_strat=rool_stratv[grid->vegNa];

froweeoeek Setting  characteristics  for C4 plants kol
vold parameterCa(struct Gehar *grid, struet  Pchar  *c4){

M reflectivity, or albedo *
double athev[VEG_NUM]={0.10,

0.0, o©.10, 0.10, 0.10, 0.10, 0.10, 0.10, 0.10,

0.10, ©.10, 0.10, 0.10, 0.10, 0.10, 010, 0.10,

010, o©.10, 0,10, 0.10, 0.10, 010, 010, 0.10,

0.40, ©.1¢, 010, 0.0, 0.10, 010, 010, ©.10, 0.0}
{* allocation ration for assimilation organ, fraction %
double alloc_assviVEG_NUM]={0.20,

0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20, 0.20,

0.20, .20, 0.20, 0.20, 0.20, 030, 030, 030,

0.30, 0.30, 0.30, 0.20, 0.20, 0.20, 0.20, 0.20,

0.20, 0.20, 0.30, 030, 0.20, 0.20, 0.20, 0.20, 0.20}
/* allocation ration for aboveground non-assimilation organ, fraction ¥
double alloc_abgv[VEG_NUM]={C.10, :

0.10, 0,10, 0.10, 0.10, 0.10, 0.10, 010, 0.10,

040, 0.10, 0.0, 0.10, 0.10, 0.10, 0.10, 0.10,

0.19, 0.10, 0.10, 0,10, 0,10, 0.10, 0.10, 0.0,

0.0, 0.10, 0.10, 0.10, 0.10, 0.10, 0.10, 0.0, 0.0}
/* specific leaf area, cm2gdm-1 * '
double slaviVEG_NUM]={150.0,

150.0, 150.0, 150.0, 150.0, -150.0, 150.0, 150.0, 150.0,

150.0, 150.0, 1500, 150.0, 150.0, 140,0, 120.0, 1400,

140.0, 140.0, 1400, 1500, 1500, 150.0, 150.0, 1500,

160.0, 150.0, 120.0, 120.0, 150.0," 150.0, 150.0, 150.0, 150.0}
/* light attenuation coefficient, no dimension */
double eKOV[VEG_NUM]={0.50, .

050, 050, 050, 050, 050, 050, 050, 050,
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0.50, 0.50, 0.80, 0.50, 050, 040, 040, 040,
0.40, 0.40, 040, 050, 050, 050, 050, 0.50,
0.50, 0.50, 0.40, 0.40, 050, 050, 0.50, 050, 050}
* quantum vield,  mol CO2 mol photon-1 *
double luev[VEG_NUM]={0.05,
0.05, 0.05, 0.05, 0,05, 0.05, 0.05, 0.05, 0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.06, 0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0,05, 0.05, 0.05};
f* potential maximum rate, micro mol CO2m-2s-1 ¥
double pmaxv[VEG_NUM]={15.0,
15.0, 15.0,15.0, 15.0, 15.0, 15.0, 15.0, 15.0, !
16.0, 15.0,15.0, 15.0, 15.0, 15.0, 15.0, 15.0,
15.0, 15.0, 15.0, 15.0, 15.0, 15.0, 15.0, 15.0,
15,0, 18.0, 15.0, 15.0, 15.0, 15.0, 15.0, 15.0, 15.0};
f* optimum temperature, respectively, deg C*
double toplOv[VEG_NUM]={20.0,
20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0, 20.0,
20.0, 20.0, 20.0, 20.0, 20,0, 30.0, 30,0, 30.0,
30,0, 30.0, 30.0, 20.0, 20.0, 20.0, 20.0, 20.0,
20.0, 20.0, 30.0, 30.0, 20.0, 20.0, 20,0, 20.0, 20.0};
f*  minimum temperature, respectively, deg C*/
double tminv[VEG_NUM]={0.8,
8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0,
8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0,
8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0, 8.0,
8.0,8.0, 8.0, 8.0, 80, 8.0, 8.0, 8.0, 8,0},
M maximum temperature, respectively, degC¥
double tmaxv[VEG_NUM]={45.0,
45,0, 45.0, 45.0, 45.0, 45.0, 45,0, 45.0, 45.0,
45.0, 45.0, 45,0, 45.0, 45.0, 45.0, 45.0, 45.0,
45,0, 45.0, 45.0, 45,0, 45.0, 45.0, 45.0, 45.0,
45.0, 45.0, 45.0, 45.0, 45.0, 45.0, 45.0, 45.0, 45.0},
/* parameter of stomatal conductance, mmol H20 m-2s-1 %
double gs_ bOV[VEG_NUM]={10.0,
10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10,0,
10.0, 10.0, 10,0, 10.0,10.0, 10.0, 10.0, 10.0,
10.0, 10.0, 10.0, 10.0, 10.0, 10,0, 10.0, 10,0,
10.0, 10.0, 10.0, 10,0, 10.0, 10.0, 10.0, 10.0, 10.0};
f* parameter of stomatal conductance, mmol H2O m-2s-1 ¥
double gs_b1v[VEG_NUM]={200000.0,
200000.0, 200000.0, 200000.0, 200000.0, 200000.,0, 200000.0, 200000.0, 200000.0,
200000.0, 200000.0, 200000.0, 200000.0, 200000.0, 170000.0, 170000.0, 170000,0,
170000.0, 170000.0, 170000.0, 200000.0, 200000.0, 200000.0, 200000.0, 200000.0,
200000.0, 200000.0, 160000.0, 160000.0, 200000,¢, 200000.0, 200000.0, 200000.0,
200000.0};
/* parameter of stomatal conductance, mmol H20 m-2s-1 ¥
double gs_b2v[VEG_NUM]={5.0,
5.0, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0,
5.0,5.0,6.0,5.0,5.0,7.0, 7.0, 7.0,
7.0,7.0,7.0,5.0,5.0, 5.0, 5.0, 5.0,
5.0, 5.0, 7.0,7.0, 5.0, 5.0, 5.0, 5.0, 5.0},
/* parameter of non-stomatal water limitation %
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double km_nstv[VEG_NUM]={0.30, :
0.30, 0,30, 0.30, 0.30, 0.30, 0.30, 0.30, 0.30,
0.30, 0.30, 0.30, 0.30, 0,30, 0.20, 0.20, 0.20,
0.20, 0.20, 0.20, 0.30, 0.30, 0.30, 0.30, 0.30,
0.30, 0.30, 0.20, 0.20, 0.30, 0.30, 0.30, 0.30, 0.30};
* dependence of photesynthesis on intercellular CO2 concentration, ppmv ¥
double kmeiv[VEG_NUM]={10.0,
10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10,0,
10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0, 10.0,
10.0, 10.0, 10.0, 10.0, 10,0, 10.0, 10,0, 10.0,
10.0, 10.0, 10.0, 10.0, 10,0, 10.0, 10.0, 10,0, 10.0},
f* CO2 compensation point, ppmv * |
double cmpcdvVEG_NUM]={5.0,
5.0, 58.0,5.0,5.0,5.0,5.0, 5.0, 5.0,
5.0, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0, 5.0,
5.0, 5.0,5.0,5.0,5.0,5.0,5.0, 5.0,
5.0, 8.0,5.0,5.0,5.0,5.0, 5.0, 5.0, 5.0}
f* foliage specific growth respiration rate,gC g C-1alloc®
double rgfv[VEG_NUM]={0.60,
0.60, 0,60, 0,60, 0.60, 0.60, 0,60, 0.60, 0.60,
0.60, 0.60, 0.60, 0.60, 0.60, 0.60, 0,60, 0.60,
0.60, 0.60, 0.60, 0.60, 0.60, 0.60, 0.60, 0.60,
0.60, 0.80, 0.60, 0.60, 0,60, 0,60, 0.60, 0,60, 0.60};
* wood specific growth respiration rate,gC g C-1alloc*
double rgcv(VEG_NUM]={0.20,
0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0.40,
0.40, 0.40, 0.40, 0,40, 0.40, 0.40, 0,40, 0.40,
0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0,40, 0.40,
0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0.40, 0.40};
/* root specific growth respiration rate,gC gC-1alloc®
double rgrv[VEG_NUM|={0.5,
0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50,
0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50,
0.50, 0.50, 0.50, 0.50, 0.50, 0,50, 0.50, 0.50,
0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.60};
/. foliage specific maintenance respiration rate al 15 degC,mgCgC-1day-1 ¥
double rm{Ov[VEG_NUM]={1.75,
1.75, 1.75, 1.75, 1.75, 1.75, 1.75, 1.75, 1.75,
.75, 1.75,.1.75, 1.75, 1.75, 2.00, 2.00, 2,00,
2.00, 2.00, 2.00, 1,75, 1.75, 1,75, 1.75, 1.75,
1.75, 1.75, 2.00, 2,00, 1.75, 1.75, 1.75, 1.75, 1.75};
I sap stem, specific maintenance respiration rate at 15degC, mgC gC-1day-1 *f
double rmc_sv[VEG_NUM]={0.10,
0.10, 0.10, 0.10, 0,10, 0.10, 0.10, 0.10, 0,10,
0.10, 0,10, 0,10, 0,10, 0.10, 0.50, 0.50, 0.50,
0.50, 0,50, 0.50, 0.10, 0.10, 0.10, 0.10, 0.10,
0.10, 0.10, 0.50, 0,50, 0.10, 0.10, 0.10, 0.10, 0.10};
/* saproot, specific maintenance respiration rate at 15degC, mgCg C-1 day-1 %
double rmr_sv[VEG_NUM]={0.50, : '
0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50, 0.50,
0.50, 0.50, 0.50, 0.50, 0.50, 0.90, 0.90, 0.90,
0.90, 0.90, 0.90, 0.50, 0.50, 0.50, 0,50, 0.50,
0.50, 0.50, 0.80, 0,90, 0.50, 0.50, .50, 0.50, 0.50};

A-61



parameier.c

f* heart stem, specific maintenance respiration rate at 15degC, mgCqC-1day-1 %
double rme_hv[VEG_NUM]={0.010,
0,010, 0,010, 0.010, 0.010, 0.010, 0.010, 0.010, 0.010,
0.010, 0.010, 0.010, 0.010, 0.010, 0.050, 0.050, 0.050,
£.050, 0.050, 0,050, 0.010, 0.010,0.010, 0,010, 0.010,
0.010, 0.010, 0.050, 0.050, 0.010, 0.010, 0.010, 0.010, 0.010};
/# heart roct, specific maintenance respiration rate at 15degC, mgCgC-1day-1 ¥
double rmr_hv[VEG_NUM]|={0.050,
0.050, 0.050, 0,050, 0.050, 0.050, 0.050, 0,050, 0.050,
0.050, 0,050, 0.050, 0.050, 0.050, 0.150, 0.150, 0.150,
0.150, 0.150, 0.150, 0.050, 0.050, 0.050, 0.050, 0.050,
0,050, 0.050, 0.150, 1,050, 0.050, 0.050, 0.050, 0.050, 0.050};
/* temperature dependence Q10, folaige, dimensionless *
double qTHV[VEG_NUM]={2.0,
2.0,20,20,20 20,20,2.0, 2.0,
2.0,2.0,2020,20,20,20, 20,
2.0,2.0,2.0,20,2.0, 2.0, 2.0,20,
2.0,20,2.0,20,20,2.0,2.0, 20, 2.0}
#* temperature dependence Q10, stem, dimensionless ¥/
double qTcv[VEG_NUM]={2.0,
2.0,20, 20 20,20, 20,20, 20,
2.0, 2.0,20, 2.0, 20,2.0,2.0, 2,0,
2,0,20,2020,20,2.0,20, 20,
2.0,20,20,20,20,2.0,20, 20, 2.0}
#* temperature dependence Q10, root, dimenslonless */
double qTrvVEG_NUM]={2.0,
20,20, 2020 20, 20,20, 20,
2.0,2.0,2.0,20, 2.0,20,2.0, 20,
2.0,2.0, 20,20, 20,2.0,20, 20,
2.0,2.0,20,20,20,2.0,20, 20, 2.0}
#* specific litter fall rate, foliage, fraction */
daouble vVEG_NUM]={0.0015,
0.0015, 0.0015, 0.0015, 0.0015, 0.0015, 0,0015, 0.0015, 0.0015,
0.0015, 0.0015, 0.0015, 0.0015, 0.0015, 0,0029, 0,0031, 0.0031,
0.0028, 0,0028, 0.0029, 0.0015, 0.0015, 0,0015, 0.0015, 0.0015,
0.0015, 0.0015, 0.0029, 0.0029, 0.0015, 0.0015, 0.0015, 0.0015, 0.0015};
M specific liter fall rate, stem, fractlon *
double levfVEG_NUM]={0.00010,
0.00010, 0,00010, 0.00010, 0.00010, 0.00010, 0.00010, 0.00010, 0.00010,
0.00010, 0.00010, 0¢.00010Q, 0.00010, 0.00010, 0.00019, 0.00019, 0.00019,
0.00019, 0,00019, 0.00019, 0,00010, 0.00010, 0.00010, 0.00010, 0.00010,
0.00010, 0.00010, 0.,00019, 0.00019, 0,00010, 0,00010, 0.00010, 0.00010,
0,00010};
P specific [litterfall rate, root, fraction */
double Inv[VEG_NUM]={0.0010,
0.0010, 0.0010, 0.0010, 0.0010, 0.0010, 0.6010, 0.0010, 0.0010,
0.0010, 0.0010, 0.0010, 0.0010, 0.0010, 0,0023, 0,0023, 0.0023,
0.0023, 0.0023, 0.0023, 0.0010, 0.0010, 0.0010, 0.0010, 0.0010,
0.0010, 0.0010, 0.0023, 0.0023, 0.0010, 0.0010, 0,0010, 0.0010, 0.0010};
#* deciduous leaf fraclion (seasonal forest and grassland) */
double dedv[VEG_NUM]={0.0, '
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0,
0.0,0.0,0.0,0.0,0.0, 0.8, 0.8, 0.8,
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0.8,0.8,08, 0.0, 0.0,0.0, 0.0, 0.0,
0.0,0.0,0.8, 0.8, 0.0, 0.0, 0.0, 0.0, 0.0};
/* root profile parameter *f
double root_stratv[VEG_NUM]={0.95,
0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95,
0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95,
0.95, 0.95, 0.95, 0,95, 0,95, 0.95, 0.95, 0.95,
0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95, 0.95):

¢4->phototype=4,
c4->albedo=albcv(grid->vegNol; ‘ ‘
c4->alloc_ass=alloc_assv(grid->vegNo); c4->alloc_abg=alloc_abgv[grid->vegNo];

c4->sla=slav(grid->vegNo];

c4->eK0=eKOv[grid->vegNo];

c4->luel=iuev(grid->vegNo];

c4->pmax=pmaxv[grid->vegNoa];

c4->toptO=toptOv{grid->vegNo]; c4->tmin=tminv(grid->vegNo], c4->tmax=tmaxvigrid->vegNo;
c4->gs_b0=gs_bOv[grid->vegNo];,  cd->gs_hi=gs_biv[grid->vegNo];
c4->gs_b2=gs_b2v[grid->vegNo;

c4->km_nstl=km_nstivgrid->vegNo];

c4->kmci=kmcivlgrid->vegNo]; c4->cmped0=cmpcdv(grid->vegNo];

c4->rgf=rgtv[grid->vegNo]; c4->rge=rgev[grid->vegNol; c4->rar=rgrv(grid->vegNo);
c4->rmfO=rmfOv{grid->vegNo];

c4->rme_s=rmc_sv([grid->vegNo}; c4->rmr_s=rmr_svigrid->vegiNo] ;
cd->rme_h=rme_hv[grid->vegNo]; c4->rmr_h=rmr_hv[grid->vegNo] ;
c4->qTi0=qTHv[grid->vegNo]; c4->qTcO=qTcv[grid->vegNo]; c4->gTrO=qTrv[grid->vegNo;

c4->1f0=lfv[grid->vegNc]; c4->lcO=lev[grid->vegNo]; c4—>|r0=IN[grid~>vegNo];
c4->ded=dedvigrid->vegNo];
c4->root_strat=root_stratv[grid->vegNo];

}

frreeek getting  soil  parameters ARk
void parameterSoil(struct Gehar *grid, struct Schar *soll}{
f* reflectivity, or albedo */-
double albgv[VEG_NUM]={0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0,05, 0.05, 0.05,
0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05, 0.05,
0.08, 0.06, 0.08, 0.05, 0.05, 0.05, 0.05, 0.05,
0.05, 0.05, .07, 0.07, 0.05, 0.08, 0.05, 0.05, 0.05};
f* specific respiration rate at 15degC,mg C gdm-1day-1 *
double riviVEG_NUM]={1.40, '
1.40, 1.40, 1.30, 1.40, 1.40, 1.35, 1.40, 1.40,
1.40, 150, 1.40, 1.50, 1.32, 1.32, 1.27, 1.27,
1.27,1.31,1.27,1.27,1.27, 1.27, 118, 1.09,
i.28, 1.37, 1.33, 1,33, 1.38, 1,36, 1.34, 1.35, 1.37}
f* specific respiration rate at 15degC,mgCgdm-1day-1 *
double rhv[VEG_NUM]={0.140,
0.119, 0.122, 0.116, 0.133, 0.142, 0.116, 0.147, 0,182,
0.187, 0,197, 0.187, 0.197, 0.110, 0,112, 0.083, 0,093,
0.097, 0.120, 0.097, 0,107, 0.131, 0.161, 0.093, 0.092,
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0.110,0.122,0.132, 0.132, 0,122, 0.122, 0,117, 0.120, 0.14};
f* lemperature dependence Q10, dimensionless  */
double qTIv[VEG_NUM]={2.0,

2.0,2.0,2.0, 20, 20,20,2.0,2.0,

2.0,20,20,20,20,20,20, 2.0,

20,2020, 20,20,20,20,2.0,

2.0,2.0,2.0,20 20,6 20,20, 2.0, 20}
¥ temperature dependence Q10, dimensionless *f
double gThv[VEG_NUM]={2.0,

20,2020, 2.0, 20, 20, 2.0, 2.0,

2.0,2.0,20,20 20,20 20, 2.0,

2.0,2.0,20,20,20, 20, 20,20, 1

2.0,2.0,20, 20 20, 20, 2.0, 2.0, 2.0}
# molsture dependence, litter layer, fraction of soil water *
double kmiv[VEG_NUM]={0.20,

0.21, 0.20, 0,21, 0.20, 0.20, 0.20, 0.20, 0.20,

0.22, 0.21, 0.21, 0.21, 0.22, 0.20, 0.23, 0.23,

0.23, 0.20, 0.22, 0,20, 0.21, 0.21, 0,22, 0.22,

0.22, 0.20, 0.20, 0.20, 0.23, 0.23, 0.23, 0.23, 0.20},
f* anaerobic dependence, litter layer, fraction of soil water *
double kmsiv[VEG_NUM]={0.11,

0.11, 6.11, 0,41, 041, .11, 0.1, 044, 0.19,

0.10, 0.10, 0.10, 0.10, 0.11, 0.11, 0.11, 0.11,

0.11, 0.11, 0.11, 0.11, 0.10, 0.10, 0.11, 0.11,

0.11, 0.11, 0.11, 0.41, 0. 11, 0.11, 0.11, 0.11, 0.11};
/* moisture dependence, humus layer, fraction of soil water *
double kmhv[VEG_NUM]={0.20,

0.23, 0.20, 0.23, 0.22, 0.22, 0,20, 0.22, 0.22,

0.21, 0.18, 0.21, 0.18, 0.21, 0.20, 0.20, 0.20,

0.20, 0.21, 0.22, 0.25, 0,22, 0.22, 0,25, 0.25,

0.25, 0.21, 0.20, 0.20, 0.23, 0.23, 0.23, 0.23, 0.20};
/* anaerobic dependence, humus layer, fraction of -sofl water */
double kmshv[VEG_NUM]={0.10,

0.10, 0.10, 0,10, 0.10, 0.10, 0,10, 0.10, 0.08,

0.08, 0.08, 0,08, 0.08, 0,10, 0,10, 0.10, 0.10,

0.10, 0.10, 0.10, 0.10, 0.08, 0.08, 0.10, 0.10,

0.10, 0.10, 0,10, 0.10, 0.10, 0,10, 0.10, 0.10, 0.10};
f* mineral soil formation ratio to litter decomposition, fraction *
double mevVEG_NUM]={1.50,

1,38, 1.38, 1,38, 1.38, 1.38, 1.38, 1.38, 1.38,

1.28, 1.28, 1.28, 1.28, 1.47,1.47, 1.47,1.47,

1.47, 1.47, 1.47,1.38, 1.28, 1,38, 1.47, 1.47,

1.47,1.47,1.47,1.47,1.47,1.47, 1,47, 1.47, 1.5}

soil->albedo0=albgv(grid->vegNol;

soil->rl=riv[grid->vegNoj;

soil->th=rhv[grid->vegiNo);

soil->qTl=qTiv[grid->vegNo]; soil->qTh=qThv[grid->vegNoj;
soil->kml=kmlvfgrid->vegNal; sail->kmh=kmhv{grid->vegNo;
soil->kmsl=kmslv([grid->vegNo}; soll->kmsh=kmshv{grid->vegNo];
soil->me=mev[grid->vegNol;
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#  Simulation model of CarboncYCle in Land Ecosystems *f
b Developed by Alto in University of Tsukuba *f
I Last updated Aug.01, 2000 *
[ Version 1.50 for Olson Biome Map i

#include<stdio,h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

TR R F
Lo

dormancy *f .
vegetative growth *

emergence of new leaf *

abandon of old leaf */

freeeoex growth  period and phenological process ke
void growthperiod(struct Gechar  *grid, struct Geon  *loct, struct Pchar *pchar){

/M cumulative temperature, degree days**/
if(grid->lat>=0.0){ /* Northern Hemisphere *
if{grid->month==0}{ /* from January to December */.
pchar->gdd=0.0;
if{grid->year==0){ /* for the first year */
pchar->frag_ded=1;
pchar->frag_emg=0;
}
}
}else if(grid->lat<0.0){ /* Southern Hemisphere */
if{grid->month==6){  /* from July to next June */
pchar->gdd=0,0;
if(grid->year==0){ /* for the first year %/
pchar->frag_dcd=0;
pchar->frag_emg=1;

}
}
if(grid->tmp_sfc{grid->month]>5.0){ /* critical temperatureis 5 ,C*% ,
pchar->gdd+=grid->tmp_sfc[grid->month]*{double)grid->mm(grid->month];
}
pchar->mgdd[grid->month]=pchar->gdd;

¥ growing period, days *xf

if(grid->month==0) pchar->grw_pd=0.0;

if(grid->tmp_sfc[grid->month]>5.0){ /* critical temperatureis 5 .C*%
pchar->grw_pd+={double)grid->mm]grid->month};

}

#* phenology **
switch(grid->vegNo){
case 0; case 33;
f* bare land*
phenology_bareland(grid, loct, pchar);
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break;

case 1: case 2! case 6; case 7: case 8: case 9;

case 10: case 11: case 12: case 13; case 20:

case 21! case 22; case 23: case 24; case 25; case 26;

"~ f*evergreen ¥/

phenology_evergreen(grid, loct, pchar);
break;

case 4. case 5.
f* temperate and boreal deciduous forest */
phenology_colddeciduous(grid, loct, pchar);
break;

case 3; :
f* tropical deciduous forest ¥/
phenology_ariddeciduous(grid, loct, pchar);
break;

case 14: case 15: case 16: case 17; case 18: case 19: case 27; case 28:
/* grasslands and deserts */
phenology_grass(grid, loct, pchar);
break;

case 29: case 30: case 31! case 32;
/* crop lands */
phenology_agriculture(grid, loct, pchar);
break;

}

proweeees barg lang ek
void phenology_bareland(struct Gchar *grid, struct  Gcon  *loct, struct Pchar *pchar){
pchar->season(grid->month]=0;

}

frrexons avargreen  blomes ey
void phenology_evergreen{struct Gchar *grid, struct Geon *loct, struct Pchar *pchar){
If{grid->tmp_sfefgrid->month]>=5.0){  /* critical temperature is 5 . C*/
* warmer months *
pchar->season[grid->month]=1;
}eise{
#* cooler months *
pchar->season[grid->month)=0;

}

ek Deciduous  biomes in higher latitudes ey
void phenology_colddeciduous(struct Gchar *grid, struct  Geon *loct, struct Pchar *pchar){
i{grid->tmp_sfc(grid->month]<6.0}{ /* critical temperature s § ,C ¥/
f* dormancy *
pchar->season(grid->month]=0;
#* leaf-shedding *
If(pchar->frag_emg==1&&pchar- >frag_ded==0){
pchar->season[grid->month]=3;
pchar->frag_ded=1;
pchar->frag_emg=0;
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}else if{grid->tmp_sfc[grid->month]>=5.0){ /* critical temperatureis 5 . C¥%
f* growing-period */
pchar->season[grid->month]=1;
f* leaf-emergence */
if(pchar->gdd>200){ /* critical cumulative temperature is 200 days , C*/
if(pchar->frag_emg==0){
pchar-»season[grid->month]=2;
pchar->frag_emg=1;
pchar->frag_ded=0;

}

f** deciduous blomes in lower latitudes *
void phenology_ariddeciduous(struct Gehar *grid, struct Geon *loct, struct Pchar *pehar){
if(grid->xprate_sfc[grid->month]<50.0){ /* critical precipitaion is 50 mm mon-1 */
f* dormancy */
pchar-»season[grid->month]=0;
/* leaf-shedding *
if{(pchar->frag_emg==18&pchar->frag_dcd==0){
pchar->season(grid->month)=3;
pchar->frag_dcd=1,; '
pchar->frag_emg=0;
}
}else if{grid->xprate_sfe[grid->month]>=50.0){ /* critical precipitation is 50 mm mon-1 *
/% growing-period */
pchar->season[grid->month]=1;
* |eaf-emergence */
if(pchar-»frag_emg==0){
pchar->season[grid-=>month]=2;
pchar->frag_emg=1;
pchar->frag_ded=0;

}

freweees aragsland PR
void phenology_grass(struct Gchar *grid, struct  Geon  *loct, struct Pchar *pchar){
if(pchar->phototype==3}
if loct->msww(grid->month}/grid->whc<0.1]|grid->tmp_sfcfgrid->month}<5.0){
f* dormancy *
pchar->seasan[grid->month]=0;
/* leaf-shedding *
if(pchar->frag_emg==1&8&pchar->frag_dcd==0H
pchar->season[grid->month]=3;
pchar->frag_ded=1,
pchar->frag_emg=0;
}
Yelse ifloct->mswwigrid->monthl/grid->whe>=0,18&8&grid->tmp_sfe[grid->month]>=5.0){
f* growing-period % . :
pchar->season(grid->month]=1;
f* leaf-emergence %/
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if{pchar->frag_emg==0}{
pchar->season[grid->month]=2;
pchar->frag_emg=1;
pchar->frag_ded=0;
}
}
telse if(pchar->phototype==4){
ifloct->mswwigrid->month)/grid->whc<0.1||grid->tmp_sfe[grid->month)<8.01{
/* dormancy *
pchar->season{grid->month)=0;
#* leaf-shedding */
ff(pchar->frag_emg==1&&pchar->frag_dcd==0){
pchar->season[grid->month]=3;
pchar->frag_dcd=1;
pchar->frag_emg=0;
}
jelse if(loct->mswwlgrid->month]/grid->whe>=0.18&grid->tmp_sfc[grid->month]>=8.0){
f* growing-pesicd *
pchar->season{grid->month]=1;
/* leaf-emergence *
if{pchar->frag_emg==0){
pchar->season[grid->month)=2;
pchar->frag_emg=1;
pchar->frag_dcd=0;

}

frooeenek - orop land ko

vold phenology_agriculture(struct  Gchar *grid, struct Geon  *loct,  struct Pchar *nchar){

double crit_tem;

f* critical temperatures limiting growing period*/
switch(grid->vegNo){
case 29:
crit_tem=12,0; #* rice *
break:
case 30;
crit_tem=5.0; /* cool crop ¥ .
break;
case 31;
crit_tem=8.0; f* warm crop ¥
break;
case 32;
crit_tem=10.0; /* irigated crop *
break;

}

if{grid->tmp_sfc_am>20.08&grid->tmp_sfe_mn>1 0.05{

/* enough warmth: annual average >20. C and minimum > 10 . G ¥
#* multiple cropping *
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pchar->season[grid->month]=1;
}else{ '
f* seasonal single cropping */
if(grid->tmp_sfc(grid->month]<crit_tem){
f* dormancy *
pchar->season[grid->month]=0;
f* leaf-shedding *
if(pchar->frag_emg==1&&pchar->frag_dcd==0){
pohar->season[grid->month]=3;
pchar->frag_ded=1;
pchar->frag_emg=0;
} .
}else if(grid->tmp_sfc[grid->month]>=crit_tem}{
f*  growing-perlod ¥
pchar->season[grid->month]=1;
* leaf-emergence *
if{pchar->frag_emg==0){
pchar->season[grid->month]=2;
pchar->frag_emg=1;
pchar->frag_ded=0;
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/*  Simulation model of CarboncYCle in Land Ecosystems

~ Developed by Alto in University of Tsukuba
~* Last updated Aug.01, 2000
* Version 150 for Olson Biome Map

M C3/C4 geography */

#include<stdio.h>
#include<stdlib.h>
#include<rmath.h>
#include"structure.h”
#include"prototype.h"

poeeetr - portlon of C3 and C4  plant e/
vold c34compesition(struct Gehar  *grid,  struct Geon  *loct){

switch(grid->vegNo){
* grassland and desert */
case 14: case 15! case 16; case 17: case 18: case 19
f* empirical equation, linear model to latitude */
loct->C4ptn=(227.36-4,5704*fabs(grid-»Iat))/100.0;
loct->C3ptn=1.0-loct->C4ptn;
if(loct->C4ptn>0.95){
loct->C4ptn=0.95;
loct->C3ptn=0.05;
}else if{loct->Cdptn<0.0){
loct->C4ptn=0.0;
foct->C3ptn=1.0;
}
break;
default;
loct->Cdptn=0.0; /*no C4*/
loct->C3ptn=1.0;
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f*  Simulation model of CarboncYCle in Land Ecosystems */
f* Developed by Alto in University of Tsukuba */
* Last updated Aug.Q1, 2000 A
f* Version 1.5.0 for Olson Blome Map *

f* make a result-output file and show wvalues in the console port ¥
#include<stdio.h>

#include<stdlib.h>
#include"structure.h”
#include"prototype h"

proemasst make out-put file for stable state *eteecrobohef o
void publish_cbud(struct Gchar *grid, struct Geon *oct, struct Echar *ecechar,

struct Bmas *mass, struct Cfix *lux, FILE *resulty{
long f; :

fprintf(result, "% 3If %.3If %5Id %Id %If “,
grid->lat,grid->lon,grid->time,grid->nnn,grid->area);
fprintf(result,"%Id %!f %If %If 36If ",
grid->vegNo,grid->whe30,grid->whe, grid->sd, grid->hyd_cond);
fprintf(result,"%Id %Id %If %!Pn",
grid->raw_gcm, grid->col_gcm,loct->C4ptn,grid->aC02);

for(f=0;f<12;f++){
fprintf{result,"%If %If %If %6If %lf ¥,

grid->tmp_sfc[f],grid->tedc c[m[f] grid->xprate_: sfc[ﬂ

grid->spfh_2m{f],grid->wnd_19m[f]};
fprintf{result,"%If If 26If %IF %I %If 4IF ",

loct->dlen(f],loct->gl_rad{f],loct->gl_rad_g[f],loct->par(f],

loct->vpd[f] loct->rad_net_gff],loct->rad_net_p(f]):
forintf{result,"%lIf %If %If 6If %If %If ",

loct->canopy_con(f],loct->pm_evp(f]loct->pm_trn[f],

loct->avpr(f],loct->trsprif],loct->ro2[f]};
fprintf{result,"%If %If %if ", loct->msw30[f],loct->msww(f], loct->msnwalf]);
fprintf(result,"%ld %If %If %If %If ",

{ecochar->c3).season(f], (ecochar->c3).opt_lai[f],(ecochar->c3).psat(f],

{ecochar->c3).eK[{],(ecochar->c3).lus(f]};
fprintf(result,"%If %If S6lf i %6If ",

(ecochar->¢3).ci[f], {ecochar->¢3).gs{f),(ecochar->¢3).gc(f],

{(ecochar->¢3).qTi[f). (ecochar->¢3), If[f]);
fprintf(result,"%ld %If %If %If %If ,

(ecochar->c4).seasonlf], (ecochar->c4).opt_lai(f].(ecochar->c4).psat(f],

(ecochar->c4).eK[f], (ecochar->c4}.luelf]:
forintf(result,"%If %IF S6lf J6If 351f ",

(ecochar->c4).ci[f] {ecochar->c4).gs{f],{ecochar->c4).gclf],

{(ecochar->¢4).qTi[f].(ecochar->¢4). [f]}; :
fprintf(result,*%If %If %I %lf ", '

{mass->plant}.laif], (mass->p|ant) mifol{f], (mass >plant).msim(f]}, {(mass->plant).mrot{f]};
fprintf(result,"%If %6IF S6if %I *,

{mass->¢3}.aiff], (mass-->c3) .mfel(f], (mass->c3). mstmlf], (mass->c3).mrot{f]);
forintf(result,"%lIf %lf Y%If %If ",

(mass->c4).1al[f], {(mass->c4}. mfollf], (mass->c4) mstm(f], (mass->¢4). mrot[f]);
fprintf(result,"%Hf %If *,(mass->scil).mltr{f], (mass->soll).mmsl{f]);
fprintf(result,"%If %If %If %If ", ‘

{flux->c3).gpplf], (ﬂux->c8) spplff], flux->c3).epp(f], (flux->c3). npp[ﬂ).
fprintf(result, "6 1f %6If %If *, (flux->c3).rim[f], (flux->c3).rem[f], (flux->¢3).rrmlf]);
forintf(result,"%If %If %ol " (flux->c3).rfg (i, {flux->c3).reg(f], {flux->c3).rrgf]);
forintf(result,"51f %6If 9%If ", (flux->c3).rpm[f], (flux->c3).rpg[f], (flux->¢3).rp(f]);
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forintf(result,"%If %If %If %If *, (fiux->c3). If{f], (ux->c3).Ic[f], (flux->c3).Ir{f], (flux->c3).IL[):
fprintf(result,"%!f %If 6! %lf *,

{flux->c4).9pplf], (flux->c4).spplf], (flux->c4).epp[, (flux->c4).npp[fl);
fprintf{result,"%If %If %6If *, (flux->c4).ifm(f], (flux->c4).romlf], (flux->c4) rrm[f]);
fprintf{result,"%If %If %It ", (flux->c4).rfg{f], (Aux->ca).reg(f], (flux->c4).rrg(f]);
fprintf{result,"%If %If %If ", (flux->c4) rpm(f], (lux->c4).rpglf], (flux->c4) .rp[fl);
fprintf(result,"%If %If %If %If ",

(flux->c4).Iff], (flux->c4).lelf], (flux->c4).Ir[f], (flux->c4) AL[f);
fprintf{result,"%If %If %If %1f *,

{flux->plant).gpp{f], (flux->plant).spp(f], (flux->plant)epp(f, (flux->plant).npp[f]);
fprinti{result,"%If %If %I *,(flux->plant).rim(f], (flux->plant).rem(f], {flux->plant). rrm[f]);
fprintf(result,"%If %!If S6If ", {flux->plant).rigf], (flux->plant).regff], {flux->plant).rrg[fl);
fprintf(result,"%If %If %6if ", (flux->plant).rpm{f], {flux->plant).rpgff], (flux->plant).rp(]);
fprintf(result,"%If %if %If %If ", :

{flux->plant).If{f],(lux->plant).Ic[f], {flux->plant).Irff], (flux->plant).IL[A);
fprintf{result,"%!f %If %If %If %If¥n",

(flux->sofl).rl[f], (flux->soil) rh{f], (flux->soil).rS[f], flux->neplf], flux->nebif]);

}
forintf(result,"%If %If¥n" flux->npp_miami, flux->npp_montreal);
fprintf(resuit," ¥n");

}

froveeseecee make  out-put file for transitional state *vreeeciey
vold publish_tran({ struct Gehar*grid, struct  Gieon *loct, struct Echar *ecochar,
struct Bmas *mass, struct Cflx  *flux, FILE *result){
long f;
double tem_ann, pre_ann, ¢ld_ann, sww_ann, gpp_ann, npp_ann, nep_ann, ncb_ann;
double ar_ann, hr_ann, if_ann, plant_ann, soil_ann, lai_ann;
double npp_c4 _ann;

tem__ann=pre_ann=cld_ann=sww_ann=gpp_ann=npp_ann--npp_c4_ann=nep__ann= 0.0

nch_ann=ar_ann=hr_ann=If_ann=plant_ann=soil_ann=lai_ann=0.0;

for(f=0;f<12;f++){
tem_ann+=grld->tmp_sfc{f[*(double) (grid->mmf]}/365.0;
pre_ann+=grid->xprate_sfc(f];
cld_ann+=grid->teds_cImif]*(double)(grid->mm(f])/365.0;

gpp_ann+=(flux->plant).gppf];
npp_ann+={flux->plant).nppif];
npp_c4_ann+={flux->c4).npplf];
nep_ann+=flux->nepff];
ar_ann+=(flux->plant).rpff];
hr_ann+={flux->soil).rS[f);
If_ann+=(flux->plant).IL{f];
ncb_ann+=flux->nebff];

plant_ann+=({mass->plant).mfol[ +(mass->plant).mstm{f]+(mass->plant}. mrot[f])/12.0;
soil_ann+={(mass->soil}.mitr[f}+{mass->soil).mmsl[f])/12.0;
lal_ann+=(mass->plant).laiff}/12.0;

sww_ann+=(loct->msw30[f] +loct->mswwlf]}/12.0;
} _
fprintf(result,"%Id %.2If %,21f %.2If %.2If %.2If %.4If %.4If
%.41f %If %If %.4If %.41f %.4If %.31f %.3If %.3If¥n",
grid->year-grid->time,grid->aC02, tem_ann, pre_ann, cld_ann, sww_ann,
gpp_ann, npp_ann, npp_c4_ann, nep_ann, ncb_ann, ar_ann,
hr_ann, If_ann, plant_ann, soit_ann, lal_ann);

A-72



publish,c

proreeck - show  result on the console window ey
void screenshow( struct  Gcehar *grid, struct Geon  *loct,

struct Bmas *mass, struct Cfix *flux, struct Echar *ecochar){
short h;

double ann;
double fol, stm, rot, Itr, msl;
double  gpp, ar, npp, hr, nep;

printf(*No:%!|d A:%7 2If B:%Id HT:%Ild CT:%Iid  CO2:9%5.1(f
C4:%.2lf WHC30:%.1lf WHC:%.1lfen",
grid->nnn,grid->area,grid->vegNo,grid->time_hyd, '
grid->time, grid-»>aC02,loct->C4ptn, grid->whe30,grid->whc); .

printf{"TEM: "};
for(h=0;h<12;h++){
printf(“%4.0lf *,grid->tmp_sfc[hj);

}
printf(" ¥n");
frwrnsocee | insert optional items || etk

printf("NPP: ");

ann=0.0;

for{h=0;h<12;h++){
printf("%4.11f " {flux->plant).npp[h]);
ann+=(flux->plant}.npplh];

}

printf(" %.4If¥n",ann);

printf("NEP: ");

ann=0.0;

for(h=0;h<12;h++){
printf{"%4.11If " flux->nep[h)};
ann+=flux->nepih];

}
printf(" %.4Ifn",ann);

[+ display annual mean values 7/
fol=stm=rot=ltr=msl=0.0;
gpp=ar=npp=hr=nep=0.0;
for(h=0;h<12;h++}H
fol+={mass->plant).mfolfh}/12.0;
stm+=(mass->plant).mstm[h}/12.0;
rot+=(mass->plant).mrot(h]12.0;
ltr+=(mass->soil}.mitr{h])/12.0;
msl+=(mass->soil}.mmslfh]/12.0;

gpp+=(flux->plant).gpp(hl;

ar+=(flux->plant).rpfh];

npp+=({flux->plant).nppfhl;

hr+=(flux->soil).rS{hy;

nep+=flux->nepih];
}
printf("GPP: %.2[f AR: %.2If NPP: %.2If HR: %.2if NEP: %.4I¥n", gpp,ar,npp.hr,nep);
printf("F: %. 1 C: %.1f R: %.11f L %.11f H: %.1if¥rn" fol,stmrot,Itr,msl);
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¥ Simulation model of CarboncYCle in Land Ecosystems *f
* Developed by Altc in University of Tsukuba */
F* Last updated Aug.01, 2000 *f
f* Version 1.5.0 for Olson Biome Map *f

preeeeer fnctions  of light environment oo/
#include<sidio.h>

#include<stdlib.h>

#include<math.h>

#include"structure.h”

#inciude"prototype.h"”

/* solar declination at the middie day (15th day) of month **/
double sl_dec(struct Gchar *grid){
double s|_dec;
P dayof the vyearof the 15th dayin each month*/
double doy[12)={15.0,46.0,74,0,105.0,135.0,166.0,196.0,227.0,258,0,288.0,319.0,348.0},

M empirical equation ¥
sl_dec=23.45*sin{{doy[grid->month]-80.0)*360.0/370.0*dTr);

return{s|_dec);

}

frooeeeectk - golar hight at midday, in degree *vrriereridkf
double sl_hgt(strust Gchar *grid, struct Geon *loct){
double aaa,bbb;

aaa=sin(grid->lat*dTr)*sIn{loct->sl_dec[grid->maonth]*dTr)+

cos(grid->lat*dTr)*cos (loct->sl_dec{grid->monthj*dTr);
aaa=(asa<=1.0)7aaa:1.0; aaa=(aaa>=-1.0)7aaa:-1.0;
bbb=asin{aaa)*rTd;

return{bbb);
}

freeincday  length, or photopertod of vegetation production *enck/
doubie dien(struct Gchar *grid, struct Goon *loct){
double ho,sr,ss,dl,ha;

f* hour-angle when the sun-angle equals to zero *¥/

ho=-sin{grid->lat*d Tr)*sin{loct->s|_dec[grid->month]*dTr)/
cos{grid->lat*dTr)/cos{ioct->sl_dec[grid->month]*dTr);

ho={ho<=1.0}7he:1.0; ho={ho>=-1.0)?ho:-1.0;

ha=acos(ho); '

sr=12,0-ha*Td/15.0; #* ftime of sunrise *Y
ss=12.0+ha*Td/15.0; #* time of sunset */
dl=ss-sr; /** day length *¥/

return{dl);
}

fromenik - ghortwave  radiation at the atmosphere-top k)
double top_rad(struct Gehar *grid,  struct Geon *loct){
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double doy[12]={15.0,46.0,74.0,105.0,1356.0,166.0,196.0,227.0,258.0,288.0,319.0,349.0};
double ge,dit,dtc,ho;
double aa,bb,ce,dd,ee,gg,hh,ii;

ge=2.0*P!/365.0*doy[grid->month);

aa=-0.399912*cos(ge)+0.070257*sin(ge);
bh=-0.006758*cos(2.0*ge)+0.000907*sin{2.0*ge);
cc=-0.002697*cos(3.0*¢ge)+0.00148*sin(3.0*ge);
dlt=(0,006918+aa+bb+cc);

f relative distance between the sun and the eanth *¥
dd=0.034221*cos{ge)+0.00128*sin(ge);
ee=0,000719*cos(2.0*ge)+0.000077*sin{2.0*ge);

dtc=1.00011 +dd+ee;

/*  solar constant = 4921 MJ/m2 =1367 W/m2=1.96 cal/cm2/min
=6151.5 micro mol photons/ m2/s *f
gg=1367.0;

/* holizontally incident radiationat the top of the atmosphere®/
hh=sin(dit)*sin(grid->[at*dTr);

ii=cos(dIt)*cos{grid->lat*dTr),

ho=gg*dtc*(hh+ii);

ho=(ho>=0,0)?h0:0.0;

return{ho};

}

o global radiation at the ground surface PRRrbereef
double gi_rad{struct Gchar *grid, struct Geon *loct){
double cloudiness,jj,hh;

/* radiation at the ground, inciuding cloud effect

based on the empirical Equbal's equation *
cloudiness=grid->tcdc_clm[grid->month];
ji=0.803-0.34*cloudiness-0.458*cloudiness*cloudiness;
ji=lii<=1.0)7j:1.0;  [j=(j[>=0.0)7i}:0.0;
hh=loct->top_rad{grid->month]*jj;

return{hh};
}

ek nhotogynthetically active radiation e
double par{struct Gehar *grid,  struct Goon *oct){
double kthd,par;

/* photosynthetically active radiation (par)in the global radiation,
based on the empirical Toomlngs equation */

if(loct->top_rad{grid->month]!=0.0}{
ki=loct->gl_radigrid->month}floct->top_ rad[grld ->month];
P*  fraction of diffused radiation™/
hd=loct->gl_rad[grid->month]*{0.958-0.982*kt),
par=0.43*(loct->g|_rad[grid->month]|-hd)*4.6+0.57*hd*4.2;

Yelse{
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par=0.0;
}

return{par);

}

proeeeees - net radiation of canopy and ground surface ek
void net_rad(struct Gchar *grid, struct Gecon  *oct,
struct Bmas *mass, struct Echar *ecochar){
double aaa,bbb,ccc,ddd, eee,ee_c3,ee_c4, fff;
double net_long, rad_net_p, rad_net_g;

f** soil surface albedo *
{ecochar->soil) .albedo[grid->month]=albedo_soil{grid, loct, &(ecochar->soil));

M longwave budget **/

/* Stefan-Boltzman equation */
aaa=pow((grid->tmp_2m[grid->manth]+ZAT),4.0)*5.6703/100000000.0;
/* empirical relation to VPD */

bbb=0.39+0.058/loct->vp[grid->month];

 empilrical relation to cloudiness *
cce=1.0-0.65*grid->tedc_clm(grid->month};

net_long=aaa*bbb*ccc;

* global radiation under the canopy or at the soil surface *
ee_c3=loct->C3pin*{ecochar->c3).eK[grid->month]*(mass->c3}.lai[grid->month];
ee_c4=loct->Cdptn*(ecochar->c4).eK([grid->month]*(mass->c4) Jailgrid->month];
cee=ee_c3+ee_C4;

ddd=exp(-1.0%eee);

loct->gl_rad_g(grid->month]=loct->gl_rad{grid->month]*ddd;

#* net radiation of plant canopy */
fft=loct->C3ptn*(ecochar->c3).albedo+ioct->C4ptn*(ecochar->c4).albedo;
rad_net_p=(1.0-fif)*(1.0-ddd)*loct->gl_rad[grid->month]-net_long*(1.0-ddd);
rad_net_p=(rad_net_p>=0.0)7rad_net_p:0.0;
loct->rad_net_p(grid->month]=rad_net_p;

 net radiation of soil surface *¥
rad_net_g=(1.0-{ecochar->soil).albedo{grid->month])*
ddd*loct->gi_rad[grid->month]-net_long*ddd;
rad_net_g=(rad_net_g>=0.0)?rad_net_g:0.0;
loct->rad_net_gjgrid->month]=rad_net_g;

}
prreeenas - glbado  of soil surface ety

double albedo_soil(struct Gehar *grid,  struct Geon  *loct,  struct Schar *schar){
double albedo;

f* anempirical function of snow accumulation *

albedo=schar->albedo0+(0.7-schar->albedo0)/ (1 +exp(-0.05*{loct->snwa-70.0}));
albedo=(albedo>0.05)?albedo:0.05; albedo=(albedo<0.7)?albedo:0.7; - :

return(albedo}; -
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Simufation model of CarboncYCle In Land Ecosystems
Developed by Alto in University of Tsukuba
Last updated Aug.01, 2000
Version 1.5.0 for Olson Biome Map

* functions of plant autotrophic respiration *

#include<stdio.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

pei* - from foliage, maintenance respiration **/
double frfm( struct Gehar *grid,  struct  Geon *loct,

}

struct Pchar *veg, struct Pmas *mass){
double rfmtG,t0,rfm,ft;

rfmtO=veg->rmf/1000.0; /* speclfic rate, at 15degC*

t0=15.0; /* control temperature 15, C %/

/* temperature dependence, exponential ¥ .
ft=exp(log(veq->qTfgrid->month])/10.0*{grid->tmp_sfc[grid->month}-t0));

if{mass->fol>=0,01{
rfm=mass->fol*rfmi0*ft;
lelse
rfm=0.0;
}

return(rfmy;

fe** from foliage, growth and construction respiration ***f
double frig{struct Gehar *grid, struct  Gcon *loct,

}

struct Pchar *veg, strucl Pmas *mass, struct Pfix *fiux){

double rfg;

#* construction cost is proportional to biomass growth*
rfg=veg->rgf*fiux->tpfigrid->month};

return(rfg),

feeer from stemand  branch, maintenance respiration */
double frem(struct Gehar *grid,  struct  Geon *loct,

struct Pchar *veg, struct Pmas *mass){
double rfmt0,t0,rim,ft;

rfmtO=veg->rme/1000.0;  /* specific rate, at 15degC*
t0=15.0; /* control temperature 15. C */

7 temperature dependence, exponential */
ft=exp(log(veg->qTclgrid->month))/10.0*(grid->tmp_sfc[grid->month]-t0));
if{mass->stm>=0.0} :
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rfm=mass->stm*rfmto*;
}else{

rfm=0.0;
}

return{rfmy};
}

pe from  stemand branch, growth and construction respiration **/
double freg(struct Gichar *grid, struct  Geon *oct,

struct Pchar *veg, struct Pmas *mass, struct Pflx *flux){

double rcg; .

f* construction cost is proportional to biomass growth*/
reg=veg->rgc*flux->tpcfgrid->month];

return(rcg};

}

M from root, maintenance respiration
double frrm{struct Gehar *grid,  struct  Geon *loct,
struct Pchar *veg, struct Pmas *mass){
double rfmt0,10,rfm, ft;

rmt0=veg->rmr/1000.0;  /* specific rate, at 15deg C*

10=16.0; /* control temperature 15, C %/

¥ temperature dependence, exponential */
ft=exp{log({veg->qTr{grid->month})/10.0*(grid->tmp_sfc{grid->month]-0));

if(mass->rot>=0.0){
rfm=mass->rot*rimt0*it;
}else{
tim=0,0;
}

return{rfm);
}

feee from root, growth and construction resplration *%/
double frrg(struct Gehar *grid,  struct  Geon *loct,
struct Pchar *veg, struct Pmas *mass, struct PIx *flux){
double rrg;

f* construction cost is proportional to biomass growth */
rrg=veg->rgrfiux->tprlgrid->month};

return(rrg);
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f* Simulation model of CarboncYCle in Land Ecosystems */
* Developed by Alto in University of Tsukuba */
fx Last updated Aug.01, 2000 */
fx Version 1.5.0 for Olson Biome Map *f

f* functions of soil process *
#include<stdio.h>
#include<stdlib.h>
#include<math.h>
#include"structure.h"
#include"prototype.h"

pek yearly precesses in belowground e
void soil_processes( struct Gchar *grid, struct  Gcon  *loct,
struct Schar *schar, struct Smas *mass, struct Sfix  *fux){
double nn;

nn={double)grid->mm[grid->month];

if(grid->vegNo==0]|grid->vegNo==33){
* no soil carbon in barelands *
flux->rijgrid->tmonth]=0.0;
flux->rh[grid->month]=0.0;
flux->sf[grid->month]=0.0;

mass->itr=0.0;
mass->ms|=0,0;
telse{

/* soil respiration of litter layer*/

Hux->rl{grid->month]=nn*frl(grid, loct, schar, mass);
/* soll respiration of mineral soil and humus*¥
flux->rhgrid->month}=nn*frh{ grid, loct, schar, mass);

#* soil decomposition from upper litterto lower mineral soil ¥
flux->sf[grid->month]=fsf( grid, loct, schar, mass, flux};

/#* mass balance *
mass->Itr+=flux->IL[grid->month]-flux->rl[grid->month]-flux->sf[grid->month];
mass->msl+=flux->sfigrid->month]-flux->rh[grid->month};

/¥ carbon storage is non-negative value */
mass->/tr=(mass->ltr>=0.0)?mass->Itr:0.0;
mass->msl=(mass->msl>=0.0) ?mass->msl:0.9;

} .

/* total soil respiration *
flux->rS[grid->month]=flux->tl[grid->month]+flux->rh{grid->month];
* monthly values *

mass->mitr[grid->month}=mass->Itr;
mass->mmsl(grid->month]=mass->msl;
mass->sail[grid->month]=mass->ltr+mass->msl,

[tk soll respiration of litter layer **
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double fri(struct Gehar *grid,  struct  Goon *loct,
struct Schar *soil, struct Smas *massi
double rlto 1l ftl,f, fal, fsm;

rito=soil->rl/1000.0; /* specific rate at 15deg C*

 lemperature effect, Lloyd and Taylor (1994) */

if{grid->tmp10_soil[grid->month]>-20.0){
ftl=exp(308.56*(1.0/56.02-1.0/(grid->tmp10_soil[grid->month]+46.02))};

}else{
ftI=0.01;
}

f* soil moisture effect, saturating */
fwl=0.9*oct->sw30/(soll->kmi*grid->whc30+loct->sw30)+0.1;

f* soill apparture effect *
fal=0.4*oct->soil_appr30*(1.0*soil->kmsl)/(soil->kms| +loct->soll_appr30)+0.6;
f* which is more limiting ? */

fsm=({fwl>fal) 7falfwi;

rl=mass->ltrrto*fil*fsm:;
f* in case of too much emission, in order to avoid negative mass value */

if{{mass->Itr-r*(1.0+soil->me)) <0.0{
rl=mass->Itr/(1.0+soil->me);

}
retumn(ri);
}
Fitiaieia soil respiration of mineral soil layer by

double frh(struct Gchar *grid, struct Goon *loct,
struct  Schar *soil, struct Smas *mass){
double rhto,rh,fth,fwh,fah, fsm;

rhto=soil->rh/1000.0; /* specific rate at 15deg C¥
M temperature effect, Lloyd and Taylor (1894) */
if{grid->tmp200_soil[grid->month]>-20.0){

fth=exp(308.56*(1.0/56.02-1 Of{grid->Imp200_soil[grid->month]+46.02)));
telse{

fth=0.01;
}
# soil moisture effect, saturating *
fwh=0.9*loct->swwi/(soil->kmh*grid->whc+loct-> sww)+0.1;
* soll apparture effect ¥
fah=0.4*oct->soll_apprw*{1 0*soll->kmsh)/(sofl->kmsh-+loct->soll_apprw)+0.6;
f* which is more limiting ? */
fsm=(fwh>fah) ?fah:fwh;

if{grid->raw==153&&grid->col==520){

printf("sld %ld %If %If %if¥n" grid->time, grid->month,fth,fwh fah);
}

rh=mass->msi*rhto*fth*fsm;
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f* in case of too much emission, in order to avoid negative mass value*
if{{mass->msl-rh)<0.0}{
rh=mass->msl;

}

return{rh);

}

fri humus formation from fitter to mineral soil **/
double fsf{ struct Gehar *grid, struct  Geon *loct,
struct Schar *soll, struct Smas *mass, struct Sfix *flux){

double sf; : o
# humus formation Is assumed to proceed

in paralell with litter respiration, proportionally */
sf=soil->me*flux->rl[grid->menth];

return(sf);
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f*  Simulation model of Carbon cYCle in Land Ecosystems

P Developed by A.lto in University of Tsukuba
f* Last updated Aug.01, 2000
T Version 1.5.0 for Olson Biome Map

#include<stdio.h>
#include<stdlib.h>
#include<math.hs
#include"structure.h"
#include"prototype.h"

PR make  plant fluxes  vacant *eeesf
void plant_flux_zero{long month, struct Pilx *flux){
flux->gpp[month]=0.0;
flux->epp[month]=0.0;
flux->spp[month]=0.0;
flux->npp[month}=0.0;

flux->rfm{month]=0.0;
flux->rem{month)=0.0;
flux->rrm[month)=0.0;
flux->rpm{month]=0.0;
flux->rfgimonth]=0,0;
flux->reglmonth)=0.0;
flux->rrg[month]=0.0;
flux->rpg[month]=0.0;
flux->rp{manth]=0.0;

fiux->Ifmonth)=0.0;
flux->{e[month]=0.0;
flux->Ir{month]=0.0;
flux->IL[monthj=0.0;

flux->tpp[month)=0.0;
flux->tpflmonth]=0.0;
flux->tpe[manth)=0.0;
flux->tpr{month]=0,0;

flux->hvst{monthj=0.0;
}

freet make a bare land, without plant and soll ey
void vanish(struct Bmas *mass, struct Cflx *flux){
long k;

/* tentative mass values *

{(mass->plant) fol={mass->¢3).fol=(mass->c4).fol=0.0;
(mass->plant) stm=({mass->c3).stm={mass->c4) stm=0.0;
(mass->plant).rot=(mass->c3) rot=(mass->¢4) rot=0.0;
{mass->soil).ltr=0.0;

{mass->soil).msl=0.0;

for(k=0;k<12;k++}{
# monthly mass values *

(mass—>c3).mfol[k]=(mass->c4).mfol[k]:(mass-:-plant).mfol[k]:0.0;

{mass->c3
(mass->¢3
(mass->c3
{mass->¢3

—

[al{k]=({mass->c4).lailk]=(mass->plant).lai[k]=0.0;

Nt S Yt
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.mstm[k]=(mass->c4).mstm{k]=(mass->plant), mstm(k]=0.0:
-mrot[k]=({mass->c4).mrot{k]=(mass->plant).mrot{k]=0.0;
Plant[k]={mass->c4).plant[k)=(mass->plant), plant{k]=0.0;

*

*
*
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(mass->soil).mitr(k]=0.0;
(mass->soil}).mmsl|[k]=0.0;
{mass->soil},s0il[k]=0.0;

f* fluxes *

plant_flux_zero(k, &{flux->c3));
plant_flux_zero(k, &{flux->¢4)};
plant_flux_zero(k, &(flux->plant));

(flux->soil).rl[k]=0.0;

{flux->soil).rh{k]=0.0;
{flux->soil).sf[k]=0.0:
(flux->scil).rS[k]=0.0:

flux->nep(k]=0.0;
flux->ncb[k]=0.0;

}
frwn* make the biome type zero *rwrenooy
void vizero(struct Gehar *grid, struct  Pmas *mass, struct Pilx *ux){

mass->fol=0.0;
mass->stm=0.0;
mass->rot=0,0;

mass->mfol[grid->month]=mass->fal[grid->month]=0.0;
mass->mstm{grid->month]=0.0;
mass->mrot[grid->month)=0.0;
mass->plant(grid->month]=0.0;

plant_flux_zero(grid->rmonth, flux);

}

frosenonoak aggregate C3  and G4 community ekt

void plant_stand({struct Gchar *grid, struct Geon *oct, struct Bmas *mass, struct Ciix  *flux){
long f; '
f=grid->month;

* loct->C3ptn ; fractional area coverage by C3 species */
* loct->Cdptn . fractional area coverage by C4 species */

™ mass * . - _

{mass->plant) fol=(mass->c3).fol* oct->C3ptn+({mass->c4) .fol*loct->C4ptn;
(mass->plant).stm:(mass->c:3).stm*lcct->03ptn+(mass~>c4).stm*ioct->C4ptn;
(mass->plant).rot=(mass->c3) rot*loct->C3ptn+ (mass->cd) rot*loct->C4ptn;
(mass->plant).mfol(f]=(mass->c3), mfol[f*oct->C3ptn+ (mass->cd).mfolf Hoct->C4ptn;
{mass->plant).mstm{fl=(mass->c3).mstm[iloct->C3ptn + (mass->c4) mstmfloct->C4ptn;
(mass->plant).mrot[f]=({mass->c3).mrot[f*loct->C3ptn+ (mass->cd).mrotff]*loct->C4ptn;
(mass->plant}.lai[f]l=(mass->c3).lai[f"oct->C3ptn+ {mass->c4) Jaiff]loct->Cdpin;

* production **/

{flux->plant).gpp(f]={flux->c3).gpp[f*loct->C3ptn+(flux->c4).gpp[f*loct->C4ptn;
{flux->plant).spplf]={flux->c3).spp(fi*loct->C3ptn+ {flux->cd).spplffloct->C4ptn;
(flux->plant).epp[f]={flux->c3) .epp[fTHoct->Captn+(flux->c4) .eppffiloct-> C4ptn;
{flux->plant).npp(f]={flux->c3) .npp[fT*oct->C3ptn+{flux->c4).npp{fi*loct->C4ptn;

#* maintenance respiration
(flux->plant).rim(f]=(flux->c3) rm(f*loct->C3ptn-+(flux->c4) rim[f loct->C4ptn;
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{flux->plant) rem[f]={flux->c3) rem[f*loct->C3ptn+ (flux->c4).rem[fMoct->Captn;
(flux->plant) rrm[f]=(flux->¢3) .rm{f*loct->C3ptn+(flux->c4).remif*loct->C4ptn;
(flux->plant).rpmf]=(flux->plant).rfm{f]+ (flux->plant) rem{f+ (flux->plant).rrm(f];

M growth respiration */

{flux->plant).rfg(f] = (flux->c3) .rg{f*loct->C3ptn+ (flux->c4) g [floct->Cdptn;
{flux->plant).reg[fl=(flux->¢3).reg(f*loct->C3ptn+ (flux->c4) reg(f*loct->C4ptn;
(flux->plant).rrg[fl={flux->¢3).rrg[fi*loct->C3ptn+ (flux->c4) rrg[f*loct->Captn;
(flux->plant).rpg[f]=(flux->plant) rfg[f]+ (lux->pilant).reg [+ {flux->plant) rrg[f];

™ total respiration */
(flux->plant) rp(f]={flux->plant).rpm(f]+ (flux->plant).rpg(f;

* allocation */

(fux->plant).tpf[f]= (flux->c3) tpf[fioct->C3ptn+(flux-> c4) tpi{f*loct->C4ptn;
(flux->plant).tpe[fl={flux->c3).tpclf*loct-> C3ptn +{flux->c4) tpc[f*loct->Cdptn;
(flux->plant).tpr(f)=(flux->c3) tpr[f]*loct->C3ptn + (flux->c4) tpr[f*loct->C4ptn;
(flux->plant).tpp[f]= (flux->c3) tpp[fi*loct->C3ptn+(flux->c4).tpp(fftloct->C4ptn;

/~ literfall  **/

(flux->plant).ifff]=(flux->c3).If{*loct->C3ptn+ (flux->c4}.[f{f]*loct->C4ptn;
(flux->plant).lc(f]=(flux->c3}.|c{ffloct-> C3ptn+ (flux->c4).Ic[f*loct->Cdptn;
(flux->plant).Ir(f] = (flux->c3) Ir[f[loct->C3ptn+ (lux->c4).Irff*loct->C4ptn;
(flux->plant).ILifl={flux->ptant).1f[{+{flux->plant) . lc[f]+{fl ux->plant).{f];

M harvest */
{flux->plant).hvst(f]=(flux->¢3).hvst{f]*loct->C3ptn+ (flux->cd). hvst[f*loct->C4ptn;
}

froesk dealings before calculating carbon  budget — weeoeny
void beforedeal{ struct Gichar *grid, struct  Gcon *loct,
struct Pchar *pchar, struct Pmas *mass, struct Pflx *lux){

plant_flux_zero(grid->month, flux);

}

freeoeny dealings  after calculating carbon  budget  eeneon
void afterdeal( struct Gichar *grid, struct  Geon *loct,
struct Pchar *pchar, struct Pmas *mass, struct Pfix *flux}{

mass->lai[grid->month]=lai_mass(mass, pchar);

flux->rpglgrid->month]=flux->rfg[grid->month]+flux->rcg[grid->month]+flux->rrg[grid->month];
flux->rpfgrid->month]=flux->rpm{grid->month]+flux->rpg[grid->month);

flux->spplgrid ->month]=flux->gpp[grid->month]-flux->rfm{grid->month]-flux->rfg[grid->month];
flux->npp{grid->month]=flux->gpp{grid->month]-flux->rpm(grid->menth]-flux->rpg{grid->month};

flux->IL[grid->month]=flux->If[grid->maenth] +flux->Ic[grid->month]+flux->Ir{grid->month];

f* monthly mass values ¥
mass->mfol{grid->month]=mass->fol;
mass->mstm{grid->month]=mass->stm;
mass->mrot[grid->month]=mass->rot;
mass->plant[grid->month]=mass->fol+mass->stm+mass->rot;
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