Response to Anonymous Referee#1 (gmd-2016-29)

HABBHAAAABRBRAARAR BB AAAARR R A ARAR R A AR AR BB AAAARR R A ARAR BB HHAARREH
However, I think the authors need to discuss 1) their results in relation to which aspects of the
improvements in the new design may be resulting in the better model-observation comparison of
each model output, and 2) the validity of the parameters in both wet and dry climatic conditions.
The article as such is short and possibly benefit from expanding the evaluation of some of the
model output using other available observations. I also feel a comparison to the original MATSIRO
simulations wherever possible would certainly help to quantify the improvement in the newly
proposed model version.
HABBRAAAABRBRAARAR R A AAAR BB RAARAR R AAAARRRAAAARR R A ARAR BB A HHARRRH
According to your and other referees’ comments, we added the results of two types
of simulations into the revised manuscript: the effects of modifications from the
original model (Section 5) and the validation of the model at the sites which are
independent from the parameterization site (Section 4.2). Along with the
modification of the manuscript, we changed the structure of the manuscript
(Section 2: Numerical setting and method; Section 3: Parameterisation; Section

4: Validation; 5: Effects of modification).

HERHABHARHARRHARHARHHHBAARHARRRARAARHHRRAARRARRHARHARHHRRHARHA RS
If the authors mean to validate the new model, the paper should include comparison of LHF and
SHF (Fig. 7 & 8) to the original simulations of the parent LSM (without the present modifications
or interactive crop growth and development). How different are the stomatal conductance and the
moisture and temperature of the soil column in the parent LSM when uncoupled to the CGM?

HERRABHARHARRHRARHARHAHBHRARHARRRARRARH AR RAARRARRHARHARAHRRHARHA RS
As we mentioned above, we added the results of the simulations to evaluate the

effects of modifications of the original model (Section 5).



HERRARARARARARA BB R R R R R AR AR AR AR AR AR AR AAAAA R AR AR AR AR A B H
I wonder whether the authors have compared the water and energy flux terms on shorter time
scales than daily, say, to look at the diurnal variations of LHF and SHF in both obs and simulations
during the various stages of the crop growth. It would be useful to understand the impact of crop-
climate interactions on the water balance on sub-daily timescales, which is an ongoing challenge
in climate modelling.

HERRARARARA R AR AR R R R R R AR AR AR AR AR AR AR AR AAAAARARARARA R A RHH
We fully agree with your opinion and suggestion. We added the results of the

comparisons of half hourly LHF and SHF between observations and simulations

(Figures 8 and 10).

REHARBHARBHARBHARBHARBHARBHARBHARB A AR B A BB A AR R H AR R A AR R A AR R A AR R HH
Section 1, L19: Expand MATCRO.
REHARBHARBHARBHARBHARBHARBHARBHARB A AR R ARR A AR R A AR R A AR R A AR R A AR R HH
We added brief explanation on the model and its name (P2, L1-2).

HABBHAAAABRBRAARARR R AAAARR R R A ARAR BB A AR AR BB A AAARR R A ARAR BB HHAARRRH
Section 2, L16-L17: Why only 2003-2006 was chosen instead of 2001-2006 (when the observations
seem to be available according to the given website)? Justify here.

HABBHAAAABRBRAARAR R AAAAR BB RAARAR R A AR AR R AAAARR R R A ARAR BB HHAARREH
The flux tower was moved in the paddy field in April 2003. Thereafter the
obtained flux data have been more representative of the field, where the rice

sampling was conducted. We added the above explanation in the revised

manuscript (P5, L22-24).

HABBHAAAABRBRAARAR R A AAARR R A AAAR R A AR AR R HAAARR BB AARAR BB A HAARRRH
Section 2.2, L1-10: Equations to calculate the soil state are missing here.

HARBRBRRRAAAA AR RRRRAAAARRRRRRRAAAA AR RRRARAA AR RBRARA AR R R RH



All the equations are shown in the model description paper. Therefore we referred

to the sections where the equations are described in the model description paper
(P2, L18; P2, L28-31).

BARAABAR B AR AR AR R AR R AR AR AR R AR RAR AR AR R AR RAR AR ARRARRARAA R AR R AR RHRH
Section 3, L25-1.26 & Section 4, L29: Either remove the last sentences or explain shortly how.
BARAGBAR B AR R R AR R AR R AR AR AR R AR RAR AR R AR R AR RAR AR R AR R AR RARAA R AR R AR RHRH

We removed the sentences you pointed out.

HERHABHARHARRHARHARH AR AARHARRRABRARHHRRAARRARRHARHARRH BB A AR AR
Section 5, L22: Add here a couple of sentences on what changes in parameters/processes in the
model may have resulted in the important feature of the model using a schematic of the processes
represented in each module of the coupled model.

HERRABHARHARRHARHARHHHBAARHARRRARRARHHRRAARRARRAARHARAARRHARHA RS
In the concluding remarks of the revised manuscript, we discussed the important
feature of the coupled model, referring the results of the new simulations to

evaluate the effects of modifications from the original model (P9, L5-8).



Response to C. Muller (gmd-2016-29)

HABBHAAAABRBRAARAR BB AAAARR R A ARAR R A AR AR BB AAAARR R A ARAR BB HHAARREH
I have, however, substantial concerns with respect to the validity of this “validation paper”. First
of all, I'm expecting that the MATCRO-Rice model is going to be applied at river catchment or
continental to global scale. Even though the envisioned scale of future application is not explicitly
mentioned, I'm assuming so, as the model development is motivated by the wish to better study
the effects of agricultural production systems (here: rice production) on hydrology and climate.
Yet, the validation only provides a comparison to a single site, which even lacks a central data
element (crop yield) that had to be deduced by trend extrapolation. The model validation
presented then turns out to be a demonstration of model calibration to a single site and then can
reproduce much of the observed dynamics at this site. Yet, it remains unclear how the model would
perform at sites where such intensive calibration is not possible for the lack of data. The authors
seem to constrain their “validation” to this one site as it seems to be the only eddy flux
measurement site for rice production systems, but clearly that is no proof of model skill. As
suggested by the other reviewer, | would much appreciate if the improvements of the MATCRO-
Rice model could be evaluated against the original MATSIRO simulations and if there was an
evaluation of model skill apart from the calibration site. Authors are advised to consult e.g. Luo et
al. (2012) for possible data sets and metrics and lizumi et al. (2014) for yield data.

HABBRAAAABRBRAARAR R AAAARR R A A AR BB A AR AR BB AAAARR R A ARAR BB HHAARRRH
According to your and other referees’ comments, we added the results of two types
of simulations into the revised manuscript: the effects of modifications of the
original model (Section 5) and the validation of the model at the sites which are
independent from the parameterization site (Section 4.2). Along with the
modification of the manuscript, we changed the structure of the manuscript
(Section 2: Numerical setting and method; Section 3: Parameterisation; Section

4: Validation; 5: Effects of modification).

HARBRBRRRAAAA AR RRRRAAAARRRRRRRAAAA AR RRRARAA AR RBRARA AR R R RH

There seems to be a misconception on the net carbon flux between land and atmosphere. The



authors claim that the models ability to reproduce the biomass accumulation is an indicator for its
applicability to simulate the net carbon flux: “As indicated by the figure, the simulated total
biomass was in good agreement with the observations. Hence, we conclude that the model has
high accuracy for simulating net carbon flux during growing period” (page 5, similar on page 6).
Yet, the net carbon flux is composed of net carbon uptake by plants (NPP) and the mineralization
of soil organic matter as well as other disturbances such as fire, pest outbreaks etc. which may not
be too relevant here. But the soil respiration flux is a central aspect in this and cannot be ignored.
HARRBBBRRRRAAA AR BB RRARAAA AR BB RARAAA AR RRRARAA A A BB R BB AR A A A HHHH
Your comments are exactly right. We simulated just net carbon uptake by plants,
which is one element of net carbon flux between land and the atmosphere. We
replaced all phrases “net carbon flux” by “net carbon uptake by crop” in the revised

manuscript.

HARBRRRRRRAAAA AR RRARAAA AR RRRARAAA A AR R BB AR A AR A B R R BB AR A A A HHHH
Page 10: DVS is likely “development stage” not “dynamic vegetation model”?
HARRBRBRARAAA AR BB RRRAAAA AR RRRAAAA AR BB RARAA A AR BB BB AR A A AR HHH

That’s is our mistake. We modified them in the revised manuscript.

HARBRBRRRRAAAA AR RRRRAAA AR BB RARAAA A AR BB RARAA A A B R R BB AR A A AR HHH
The paper as presented here addresses an important in land surface and agricultural modeling but
fails to validate the model or to evaluate the model performance. Model performance needs to be
evaluated against independent data sources, the improvement compared to the original model
should be quantified (and eventually assessed against possible shortcomings) and the
validation/evaluation should be performed at the scale of envisioned application, not just at a
single point. Also, the model evaluation should address the ability to reproduce spatial and/or
temporal patterns.

Unless substantially extended to justify a publication on its own, this paper could well be merged
into the model description paper at http://www.geosci-model-dev- discuss.net/gmd-2016-28/, as

also suggested by a reviewer there.

G i i g



The revised manuscript was substantially extended by adding two types of the
simulations: the evaluation of the model using the independent data and the
comparison of the model with the original model. In addition, the journal
guideline of GMD admits the separate submission of the model description and
evaluation papers, if the evaluation is extensive. Therefore, we separately

submitted the revised manuscript of the model description and evaluation papers.
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A land surface model combined with a crop growth model for paddy
rice (MATCRO-Rice Ver. 1) — Part I1: Model validation
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Akira Miyata®
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4Graduate School of Horticulture, Chiba University, 648 Matsudo, Matsudo-shi, Chiba 271-8510, Japan
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Abstract. We conducted a-comprehensive-validation-of-two types of validations for the simulations by MATCRO-Rice devel-
oped by Masutomi et al. (2016). In the first validation, we compared simulations with observations for latent heat flux (LHF),

sensible heat flux (SHF), net carbon fluxuptake by crop, and paddy rice yield from 2003 to 2066—Fhe-observation-site-tised

5 W

observed-20006 at the site where model parameters are parameterised. In the second validation, we compared the observed and

simulated paddy rice yields over Japan from 1991 to 2010 between observations and simulations. The 4-year average root mean
square errors (RMSEs) betweenstmulations-and-observations—of the first validation for LHF and SHF were +8-57-and12-66

18.20 and 15.47 W m~2, respectively. These values for errors are comparable to those reported in earlier studies. The com-
parison of biomass growth during growing periods from 2003 to 2006 at the parameterisation site shows that the simulations
were in agreement with the observations, indicating that the model can reproduce the net carbon flux-uptake by crop well. The
4-year average RMSE of the first validation for crop yield in the same period was 462:4-410.6 kg ha—*, which accounted for

7:98.1% of the mean observed yields. The error of the second validation for crop yield was 18.8% and the correlation of cro

ields between observations and simulations from 1991 to 2010 was significant at 0.671 (P<0.01). These results indicate that
MATCRO-Rice has high ability to accurately and consistently simulate LHF, SHF, net carbon fhixuptake by crop, and crop

yield.

1 Introduction

It has been recognized that crop growth and management in agricultural land are important factors that affect climate at various
spatial and temporal scales via exchange of heat, water, and gases (Tsvetsinskaya et al., 2001;Bondeau et al., 2007; Osborne
et al., 2009; Levis et al., 2012). Betts (2005) pointed out that integration of crop growth models (CGMs) into climate models
is needed for accurate climate simulations by climate models. To consider the influence of agricultural land on climate in

climate simulations, several land surface models (LSMs) or dynamics vegetation models (DVMs) incorporated with a CGM
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have been developed (Tsvetsinskaya et al., 2001; Kucharik, 2003; Gervois et al., 2004; Bondeau et al., 2007; Osborne et al.,
2007; Lokupitiya et al., 2009; Maruyama and Kuwagata, 2010; Levis et al., 2012; Osborne et al., 2015).
Masutomi et al. (2016) have developed a new LSM-CGM combined model, called MATCRO-Rice, by incorporating a CGM

into a LSM, MATSIRO (Takata et al., 2003). The most important feature of the model is that it can consistently simulate latent
heat flux (LHF), sensible heat flux (SHF), net carbon fluxuptake by crop, and crop yield in paddy rice fields by exchanging
variables between an LSM and a CGM. The consistency among model outputs enable us to apply the model to a wide range
of integrated issues. For example, the model can investigate the interaction between climate and paddy rice fields, consistently
considering impacts of climate on rice productivity and impacts of paddy rice fields on climate. Osborne et al. (2009) showed
that this interaction can affect variability in climate and crop production. Therefore, the understanding of the interaction is
important for securing food security. However, little is known about the interaction. MATCRO-Rice can be a useful tool to

study the interaction between climate and paddy rice fields.

The objective of the present paper is to present the results of the comprehensive validation of MATCRO-Rice —Using

the original LSM, MATSIRO. Before presenting the parameterisation-method-in-Seetion3—Then,-we-show-the-results of the
validation in-Seetion-4-and-finally present-concluding remarks-in-Seetion-6-and the effects of modification, we first show the
numerical method (Section 2) and the method and results of parameterisation for model parameters (Section 3). The results of

model validation and the effects of modifications are shown in Sections 4 and 5, respectively, followed by concluding remarks
in Section 6.
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2 Numerical setting and method

The-valuesfor-all-All simulation setting parameters are shown in Table 1. We set the time resolution of the simulation to half
hour, i.e., §; = 1800. For time discretisation, the forward difference method was used.

To simulate soil water and heat transfer (Section 3.5 in Masutomi et al. (2016)), we spatially discretised soil into five layers
with thickness of 0.05, 0.2, 0.75, 1.0, and 2.0 m, resulting in / Zmax. = 4.0 m, z =0.05 m, and
2z ==2-0-2p = 2.0 m. To simulate soil water content for each soil layer (wzwy), we replaced the gradient of water flux by net

mar

water fluxes between layers. In the calculation for water fluxes between layers, we used the hydraulic conductivity averaged
between-that is smaller among soil layers and the difference in water potentials between soil layers. After the calculation for
soil water content for each layer, water content beyond saturation was taken out to base flow.

To simulate soil temperature for each soil layer, we solved the system of equations for soil layers by using the Gauss-Jordan
method. In the calculation of soil temperatures, we replaced the gradient of heat flux by net heat fluxes between layers. In the
calculation of heat fluxes between layers, we used thermal conductivity averaged between soil layers and soil temperatures for
each layer.

The downhill simplex method (Nelder and Mead, 1965) was used to simulate temperatures of the canopy and surface water

—and-F(T. and T,; Section 3.1 in Masutomi et al. (2016)), bulk transfer coefficients (CrurCreC o CreCarsand

; Section 3.3 in Masutomi et al. (2016)), and variables related to carbon assimilation

%@%@5—&666%%—%6—%&6—1@6&&9&—(—866&6&—%3 CO; concentration (&zC), ppm) and the depth of surface water
(ddy) were set at 390 ppm and 0.025 m, respectively. The initial dry weight of each organ was set at 1 kg ha™! for leaf

(%—J‘“UMM)L) stem (WermoWstan,0), and root (WosrgWioe0) and at 0.5 kg ha~! for glucose reserve in leaf (Woy, o). Swm

Doy 16, D , D and L; depend on the simulations. Values for these parameters are shown in the sections of each
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3 Parameterisation

model parameters parameterised in the present paper. All parameters are parameterised using observations, the literature, and
assumptions. The method of the parameterisation is explained in this section.

3.1 Parameterisation site and observation data

Table 3 shows the observational data used for parameterisation. The data were observed from 2003 to 2006 at a site which is
located in Tsukuba, Japan (Lat: 36° 03’ 14.3” N; Lon: 140° 01’ 36.9” E), at 13 m above sea level. The climatic zone of the site
is temperate, with the mean annual air temperature 13.7°C and precipitation 1200 mm. The soil type is clay loam. The variety.
planted at the site is "Koshihikari”, which is the most planted variety in Japan.

Biomass for each organ (Wies, Wone: Wras, and W) and leaf area index (L) were measured nearly every two weeks.
At each measuring time, ten stands were sampled from the fields. Yield (¥1q) and phenological dates including transplanting.

D, +r), heading (D, ), and harvest (D, 1,v) were observed every year. The values of observed yield are the husked rice

pointsheuld-be-improved-by-furtherparameterisationobservational site. The crop height (h.4) was measured on average ever
3 days.

3.2 Phenology

Phenological parameters that represent development stages (e2V-S+hDV-SmGDStrPDV-Sand—+eDV-5Dyg oo Dys by
Gasums Dysar. and Dy o) were parameterised. First, we calculated DV-5D,s at heading and mGD-SG s from 2003
to 2006 using the phenological model given by Masutomi et al. (2016). The mean values were set to #-DV-S-and-nGDSDys 1
and Gyg ., resulting in ADV-5=0-616-and-mGDS=167759940D s j, = 0.616 and G 45 1 = 167759940. Figure 1 compares
the heading and harvest dates between observations and simulations from 2003 and those from 2006. The simulated heading
and harvest dates were in good agreement with the observations. The average errors were 2.25 and 4.5 days for heading and

harvest, respectively.
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eVt DS andteDVS5-Dyg o, Dys s, and Dy o Were determined so that the duration from sowing to emergence,
transplanting, and the end of transplanting shock was 5, 20, and 25 days, respectively. Thus, ePV-5=0-042-++PV-5=0-06;

and+ePV-S—0-08D,. o = 0.012, Dy ¢ = 0.06, and Dy 1o = 0.08.

3.3 Partitioning

cose partitioned to each organ (leaf, stem, root, panicle) during the growing period using the observed biomass for each organ;

(i1) we conducted the curve fitting of the calculated ratios in (i). Figure 2 shows the calculated ratios of glucose partitioned to
each organ and the fitting curves for the ratios.

To determine the ratio of dead leaf at harvest (#g1727741,1cr), We first calculated the observational ratios of dead leaf during
growing period by dividing the decrease in leaf biomass between observational dates by the duration among the observational
dates. Then by graphically fitting a curve to the calculated ratios of dead leaf, we determined #gr;7e7741 Jef. Figure 3 shows the
calculated ratios of dead leaf and the fitted curve.

The fraction of glucose allocated to starch reserve (fs=fstc) is determined as follows: (i) we first calculated the ratios of
stem biomass at harvest to maximum stem biomass for each year from 2003 to 2006 (Bouman et al. (2001)); (ii) then, a 4-year

average was calculated for 57z fxgc-
3.4 LAI, crop height, and specific leaf weight

To obtain the parameters for the relationship between LAI and crop height (Agraas7tgr

hyy,), we conducted linear regressions of the data before and after heading using observations for LAI and crop height from

2003 to 2006. Thus, has = 0.439, hap, = 0.675, hy, = 0.366

and hyp, = 0.318. Figure 4 compares the LAI-hei ght relation between observations and simulations.

To obtain parameters for specific leaf weight (%s f—k S and Sy, 1yx), We plotted observa-

tions for specific leaf weights during growing perlods from 2003 to 2006 and conducted the curve fitting of the plotted data.
Thus, :

mn»

ks, = 3.5, S1w. e =350, and 5, = 600. Figure 5 shows the spe-

mn

cific leaf weights and the fitted curve.
3.5 Crop yield

To determine the ratio of crop yield to dry weight of panicle at harvest (ky;2ky1q), We calculated the dry weight of panicle
at harvest, because the weight was not observed. By assuming linear increase of dry weight from the last date in which dry
weight of the panicle was measured, we calculated the dry weight of the panicle at harvest from 2003 to 2006. The median

value among the ratios of observed yields to the calculated dry weight of panicle produced %577ky1g.
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3.6 Rubisco-limited photosynthesis rate

Parameters related to Rubisco-limited photosynthesis rate (V 0), s1, and s9) were parameterised using the values obtained

from the literature. In this parameterisation, we adjusted the parameters so that the Rubisco-limited photosynthesis rate (@e. ).
simulated by MATCRO agrees with the observational value reported by Borjigidai et al. (2006). In the simulations, CO,.
concentration in the leaf was fixed to ¢, = 30 Pa. Figure 6, showing the comparison of Rubisco-limited photosynthesis rates
among MATCRO, those reported by Borjigidai et al. (2006), and MATSIRO (Takata et al., 2003), on which MATCRO is based,
indicate that there is a good agreement in the photosynthesis rate between the simulations of MATCRO and the observational

value in Borjigidai et al.

2006); the simulations for the photosynthesis rate of MATCRO were significantly improved compared

4 Validation

We conducted two types of validation. The first validation was conducted at the parameterisation site as explained in Section
3.1. In the validation, the simulated LHE, SHF, carbon uptake by crop, and crop yields were compared with the observations
from 2003 to 2006,

The second validation was conducted for a territory across Japan. The simulated crop yield for the area from 31°N to 38°N
in Japan, which corresponds to 73% of all area under rice cultivation in Japan, was compared with the national statistics from
1991 to 2010. The area at higher latitudes than 38°N was excluded in the validation, because the crop yields simulated by
MATCRO were often zero at that area due to low temperatures. We also excluded the area at lower latitude than 31°N, because
the cropping system at that area is different from that employed in other areas in Japan due to high temperatures.

4.1 EHF-and-SHFFigures7-and-9-Validation at the parameterisation site

4.1.1 Input and validation data

Table 4 shows the observational data used for the validation. Information on the instruments used for the observations are

because the reference height (z,) is set to be 3m (Section 3.1). It is noted that we used the observed values of photosynthesis
observed at the parameterisation site. We set L = 36.05. Values for soil parameters for clay loam are shown in Table 5.
calculated from the observed transplanting date (Doy 1), assuming that transplanting was conducted 20 days after sowing,

ie., Doy,sw = Doy,tr = 20.
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The validation was conducted from 2003 to 2006, although the AsiaFlux provides the observational data from 2001 to 2006
for the site. We did not use the observational data before 2002 because the flux tower was relocated in the paddy fields in April
2003. Thereafter, the observed flux data have been more representative of the field, where the rice sampling was conducted.

4.1.2 Comparison of LHF and SHF

Figures 7 to 10 show the comparison of the daily and half-hourly LHF and SHF ;+espectively,during growing periods-between
servations stmulationsfrom 2003 to 2006. We can observe that MATCRO can replicate daily-the daily and half-hourl

variations in LHF and SHF accurately. Quantitatively, the RMSESs of daily LHF between simulations and observations for each
year were +6:25:2+56;1938and+738-15.15, 21.84, 17.25, and 18.57 W m~2, with the 4-year average of +8:57-18.20 W
m~2. The RMSEs of SHF-were+2:20.48.94,10.90-and-8:97-daily SHF were 13.62, 14.72, 14.84, and 18.69 W m~2, with the
4-year average of +2:66-15.47 W m~2. These RMSE values are comparable to those reported in earlier studies (Kimura and
Kondo,1998; Maruyama and Kuwagata,2010).

One of the major reasons for the errors of LHF and SHF between simulations and observations is thought to be a problem in
flux observations. Aubinet et al. (2000) reported that the energy balance in observations is not closed. In contrast, the energy
balance simulated by MATCRO is completely closed. Therefore, the energy imbalance in flux observations can cause errors

between simulations and observations. El Maayar et al. (2008) suggested to test the degree of energy imbalance in observations

before comparing the observations with simulations. This degree is generally evaluated by

Lo = Z(H(d)+AE(d)) (H(d) + ME(d)) w

Bu(d) —C(d)) (Ruld)—C(d) M

d

where H, \E, %Ew and G are the daily averages for SHF, LHF, net radiation, and heat flux into ground, respectively, d

indicates a day, and N is the number of days. The observation values for #7;-R,, and G in this equation are expected to be

sufficiently accurate (Twine et al., 2000; Wilson et al., 2002). The values of 4-I,, in the observations from 2003 to 2006 were
0:78:-0:780.79, 0.77, 0.78, and 0.74, with the average of 6:770.78. In other words, these results imply that the total flux of
observed LHF and SHF can be smaller than a true value. Fherefore;itis-desirable-that The ratio of the total flux of simulated

and-=HF-observed LHF and SHF to that of simulated LHF and SHF from 2003 to 2006 were en-average-+-+6-fold-larger-than
the-ebservations(.84, 0.79, 0.80, and 0.83, with the average of 0.82. This suggests that the errors of LHF and SHF between

observations and simulations can be largely attributed to the energy imbalance in observations.
4.2 Netearbonflux

4.1.1 Comparison of net carbon uptake by cro

In this section, we tested the accuracy of MATCRO for simulating net carbon flux-uptake by crop during growing periods by

comparing the changes in total biomass between simulations and observations. Figure 11 compares the growth of the total
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biomass between simulations and observations from 2003 to 2006. As indicated by the figure, the simulated total biomass was

in good agreement with the observations. Hence, we conclude that the model has high accuracy for simulating net carbon flex

4.1.1 Comparison of yield

Figure 12 shows the comparison of the observed and simulated yields from 2003 to 2006. As indicated by the figure, MATCRO
can reproduce well the absolute values of crop yields. The mean RMSE from 2003 to 2006 was 462:4-410.6 kg ha~!, which
was 7:98.1% of the mean observed yields. However, the model overestimated the crop yields in 2003. The primary cause of
the large overestimation in 2003 can be attributed to the late harvest in the simulation for 2003; the model delayed the harvest
by 11 days in 2003 (see Section 3.2). To confirm this, we recalculated the yield in 2003 by using the observed harvest date.
The revised yield is shown in the figure as a red circle. The revised yield was in good agreement with the observations in 2003.
These results suggest that the phenological model in MATCRO should be further improved for a more accurate estimation of
crop yield. The current version of the phenological model in MATCRO implements only the temperature. The consideration
of the photoperiod may further improve the accuracy of the phenological model in the simulation of harvest date as well as

heading date (e.g., Penning de Vries et al., 1989; Connor et al. ,2011).

4.2 Validation over Japan
4.2.1 Input and validation data

Global Meteorological Forcing Dataset for land surface modelling (Sheffield et al., 2006) was used for meteorological input
data. Because the spatial resolution of the input data is 1 degree, we simulated crop yields at the spatial resolution of 1 degree.
The simulation settings and parameters for crop and soil were set using the values shown in Tables 1, 2, and 5. Because the time
resolution of the input data is 3 hours, we used the same values at each 3 hours for half-hourly simulations. We set Doy, ¢ = 100,

D =1and D, = 365. L was set to the latitude of the center of each grid. After averaging the crop yields simulated at

all grids, we compared the averaged crop yields with the national crop yields reported by FAOSTAT (http://faostat.fao.org/).

4.2.2 Comparison of yield

Figure 13 shows the comparison of the observed and simulated yields from 1991 to 2010. The average error between simulations
and observations was 18.8%. The simulated yields were overestimated for all simulation years. The correlation between
simulations and observations was significant at 0.671(P<0.01). Hence, we conclude that MATCRO can reproduce annual
variability of yields correctly.
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5 Effects of modifications

There are two major modifications of MATCRO from the original LSM (MATSIRO). The first one is the dynamic calculation
of LAI, crop height, and root. The other is the consideration of flooded surface and irrigation. We quantify the effects of the

two major modifications on the simulation of LHF and SHE. Both simulations are conducted at the parameterisation site from

5.1 Effect of dynamic calculation of LAI

The original LSM (MATSIRO) uses the monthly constant LAL which is given in grids by grids. The default gridded LAI data
of MATSIRO were obtained from the Global Soil Wetness Project 2 (Dirmeyer et al., 2006). Figure 14 shows the comparison
of LAI between observations, simulations by MATCRO, and the default values of MATSIRO. We can see that MATCRO
reproduces adequately seasonal changes in LAIL well, although the default LAL are not in agreement with the observed LAL
MATSIRO also uses constant crop height and root length, which are vegetation-specific parameters. The default values of
crop height and root length for crops are Im. Using the default data for LAI and the default values for crop height and root
length, we simulated LHEF and SHE from 2003 to 2000. In the simulations, we also used the original equation for the maximum
canopy water (Weap = 0.0021), because MATSIRO does not calculate the shoot weight (IWs,) used for the calculation of weay,
in MATCRO.

The RMSEs of daily LHF from 2003 to 2006 were 19.4, 2078, 19.28, and 18.72 W m?, respectively, with the 4-year
average of 19.54 W m™?, The RMSEs of daily SHF from 2003 to 2006 were 14.69, 20.30, 16.93, 20.68 W m ", respectively,
with the 4-year average of 18.15 W m™?, These errors are compatible to those of MATCRO. Hence, we conclude that the
effects of the dynamic calculation of LAL crop height and root length on LHF and SHE are small.

5.2 Effect of flooded and irrigated surface

We simulated LHF and SHE from 2003 to 2006 without flooded surface and irrigation. The simulations are called MATCRO-RE.
Figures 15 and 16 show the comparison of daily LHF and LHF between observations and simulations obtained by MATCRO
and MATCRO-RFE. The LHF and SHE simulated by MATCRO-RE were not in agreement with the observations. The RMSEs
of daily LHF simulated by MATCRO-RF from 2003 to 2006 were 16.63, 36.90, 29.32, and 24.93 W m”?, respectively,
with the 4-year average of 26.95 W m~? The RMSEs of daily SHF from 2003 to 2006 were 16.34, 42.02, 34.16, 31.56
W m_?, respectively, with the 4-year average of 31.02 W m™?, These errors in MATCRO-RF are considerably larger than
those simulated by MATCRO. To identify the cause of the large errors of the LHE and SHE simulated by MATCRO-RE,
we compared surface temperature between observations and simulations obtained by MATCRO and MATCRO-RE Figure 17
shows the comparison of surface temperature. MATCRO reproduces the observations of surface temperature correctly, while
MATCRO-REF tends to overestimate the observations. The RMSEs of surface temperature simulated by MATCRO were 1.95,
141, 1.18 1.20 K, respectively, with the 4-year average of 1.44 K, while those simulated by MATCRO-RF were 1.24, 3.31,
2.60, 2.05, respectively, with the 4-year average of 2.32 K. Therefore, the large errors of the LHF and SHF simulated by
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MATCRO-RF can be attributed to the overestimation of surface temperature simulated by MATCRO-RF. Hence, we conclude
that the flooded surface and irrigation have large effects on the simulations of LHF and SHF.

6 Concluding remarks

In this paper, we presented the results of the validation of MATCRO-Rice as-well-as-of-the-and the effects of the modification
of the original LSM (MATSIRQ), and the numeric and parameterisation methods. First, the comparison of the LHF and SHF
between simulations and observations at the paramerisation site confirmed that the model can reproduce the observed LHF and
SHF data well. The accuracy of the simulations for LHF and SHF was comparable to those obtained in earlier studies. Second,
we showed that the simulated growth of the total biomass was in good agreement with the observations at the parameterisation
site. This indicates that the model can simulate the net carbon flax-uptake by crop during a growing period at paddy rice fields.

Last, we demonstrated that the model has high ability to simulate crop yield by comparing the simulated and observed yields -

the parameterisation site and over Japan.
The validation results suggest that MATCRO-Rice has high ability to accurately and consistently simulate LHF, SHF, net

carbon fluxuptake by crop, and yield. There have been many models that simulate some of the four variables with high ac-
curacy, but a few models can accurately and consistently simulate all four of them. This point is the most important feature
of MATCRO-Rice. The model can be applied to a wide range of issues, including climate change impact (e.g., Masutomi et
al.,2009), and it will facilitate the scientific research especially on the climate—crop interactions (Osborne et al.,2009).

We validated LHF, SHF, and carbon flux simulated by this model with observations from only one site. The model should
be further validated at multiple sites in order to enforce the reliability and applicability of the model. However, since there are
a few flux sites on agriculture land worldwide, it will be necessary to increase their number on agricultural land to promote

climate—crop modelling studies.

We assessed the effects of the dynamics simulation of LA crop height and root length on LHF and SHE and the effect
of flooded surface and irrigation on LHF and SHE. The results show that the effects of the dynamic simulation on LHE and
SHE are small, whereas the flooded surface and irrigation have large effects on LHF and SHF. These results suggest that
climate—crop modelling should incorporate flooded surface and irrigation.

7 Code availability

The source code of MATCRO will be distributed at request to the corresponding author (Yuji Masutomi: yuji.masutomi @ gmail.com).

The website for MATCRO-Rice will be developed in the near future.
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Figure 1. Comparison of heading and harvest dates. SIM: simulations; OBS: observations; DOY: The number of days from Jan. 1.
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Table 1. Seil-type-speeifie-Simulation setting parameters

Variable Value
BCogpm. 5239
5 Doyie.
wsarDoy.ls
Hepor-Doysw.
Woerdy,
Lol
SrporWaing
WaieroWiego.
Wioro Wies0 1.0
WermoWama 1.0

ZaZa_ 3
Zrmar Zmax. 4
Zsar 2t 0.05
25 2h 2
ot 1800
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Table 2. Parameters parameterised

Variable Value Unit Description

PVSror1-Dys rot1 0.1 - Ist point of DVS at which the partition pattern to root changes
DV-Sst2-Dyvs rot2 %QM - 2nd point of DVS at which the partition pattern to root changes
PVS1e71-Dys Jef1 0.2 - 1st point of DVS at which the partition pattern to leaf changes
PVSreraDys Jeta 0.7 - 2nd point of DVS at which the partition pattern to leaf changes
PV-Sprer-Dyspnct. 0.5 - 1st point of DVS at which the partition pattern to panicle changes
PV-Sprer-Dys.pncz. 0.7 - 2nd point of DVS at which the partition pattern to panicle changes
eDVS5-Dys o 0.012 - DVS at emergence

Fsre fste 0.288 - fraction of glucose allocated to starch reserves

Faaaa 0.439 - parameter for relationship between LAI and crop height before heading
Fatal, 0.675 - parameter for relationship between LAI and crop height before heading
Frvaba 0.366 - parameter for relationship between LAI and crop height after heading
Pt hpn 0.318 - parameter for relationship between LAI and crop height after heading
RDVS-Dyg 0.616 - DVS at heading

kgrakya 0.675 - ratio of crop yield to dry weight of panicle at maturity

kst ksg. 35 - parameter that represent the relationship between SLW and DV S
MGG agm 167759940 K-s growing degree second at maturity

Pror-Prot_ 0.25 - partition ratio of glucose to root

Prer-Pet. 0.5 - partition ratio of glucose to leaf from glucose partitioned to shoot
PATTeT TdLlef 50%1077 st ratio of leaf death at harvest

W Siw,mes 600 kgm™?2 maximum specific leaf area

SEW = Siw, wu 350 kg m~2 minimum specific leaf area

51 0.045 K™! temperature dependence of V s z0n Vi, 2

2 328 K temperature dependence of Va0 0n Vi, o

Va0 Vinax (0) 0.001 molm™2(l) s™*  reference value for maximum Rubisco capacity at the canopy top
trDVS-Dys s 0.06 - DVS at transplanting and at which transplanting shock starts
#ePVS5-Dys te 0.08 - DVS at which transplanting shock ends
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Table 3. Observational data used for parameterisation

Variable,  Unit. Description
L m*()m_?  Leaf area index
Doyse  day the number of days of transplanting from Jan. 1
Doyna day the number of days of heading from Jan. 1
Doypy  day the number of days of harvest from Jan. I

m Crop height

Dt
Wi kgha”!  dry matter weight of stem
Yiu  keha!  Yield

Table 4. Observational data used for validation at the parameterisation site

Variable Unit, Description

Meteorological inputs

Lo Pa Alr pressure

Lo kem ?s ! Precipitation_

Q kekg”!  Specific humidity

BE(0) Wm~? Downward shortwave radiant flux density at the canopy top
B{(0) Wm? Downward longwave radiant flux density at the canopy top.
Lo K Alr temperature.

Di(0) 4550 Wm?? Downward radiant flux density for photosynthesis active radiation at the canopy top_
Management

Lo m Observed depth of surface water

Doyse DoY DOY of transplanting day

Outputs

AL Wm~? Latent heat flux_

q Wm”? Sensible heat flux

L. z LAL

Ls. z Surface temperature

Want Weer . kgha'! Total biomass

Yia kgha ! Yield |




Table 5. Soil-type specific parameters

Wyls 022 m®m? volumetric concentration of soil water at wilting point  Saxton and Rawls (2006)
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