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(Abstract)

The Intergovernmental Panel on Climate Change (JP@®lished their fourth report, which
described how and why climate systems are changhmey,impact assessment on mankind and
ecosystems, and many of its possible future impadtsvever, the simulation of future climate
change by global climate models has included mdnthe generic uncertainties. The difficulty of
estimating the impact of the change on the hydictdgycle should be one of problems because the
transport of moisture is associated with the endrgpnsport. The water cycles have significant
impacts on the regional and global climate systaespectively. The hydrological cycle is a highly
non-linear portion in Earth’s climate system. Ithe critical result of climate change and playseg
role in regulating the climate, such as positived aagative feedbacks.

The vegetation influence climate through physicdlemical, and biological processes that
affect planetary energetics, the hydrological cyeled atmospheric composition, and this action has
the different effect on many time scales, for exiengm a sub-daily scale (e.g. stomatal closurgrsol
elevation angle), on a seasonal time scale (eggtagon phenology) and on multi-year scales (e.g.
changes in land cover, extreme climate change)sé hemplex and nonlinear atmosphere-biosphere
interactions can dampen or amplify anthropogenimate change. Therefore understanding how
energy and water are exchanged between the atmrespimel terrestrial biosphere becomes an
important component in understanding and predictingate change which includes global water
cycle. However, the influence of vegetated landfasg on large-scale climate is still poorly
understood in the real world. This theme is ableapgproach the system of land-atmosphere
interactions on a range of space and time scaleg observation experiment products to develop
hypotheses, prepare parameters and validate models.

In nature, soil-vegetation-soil transfer system liekfy considers the role of vegetation in
affecting water and energy balance by taking imimoant its 1) physiological (stomatal conductance)
and 2) structural (canopy aerodynamics) properfiaese two vegetation functions are also the basis
of evapotranspiration parameterizations in phykidased hydrological and climate models.
However, most current SVAT schemes and hydrologioaddels do not parameterize the
characteristics of vegetation as a dynamic comporidre aim of this study is to understand the role
of vegetation for evapotranspiration which is ctifactor on the partitioning of land surface gyer
and water cycling, regionally and is linking factmr both microclimate and hydrometeorology,
globally.

In chapter 2, Land surface energy partitioning amious vegetated surfaces is controlled by
climatological and biophysical factors. The “bigafe model represents these conditions by three
resistance parameters: bulk surface resistancegysmic resistance, and climatological resistance.



Author tries to understand land surface energyitparing in various vegetated surfaces with thexflu
and meteorological data from 27 FLUXNET sites, arsihg the big leaf model of bulk surface,
aerodynamic, and climatological resistance in PenManteith approach. Here, author introduces a
new method to estimate the total resistance anthal@ed surface resistance and shows that the
Priestley-Taylor coefficient can be related to tio¢al resistance, and the Bowen ratio can be
described by air temperature and normalized sunfesistance. The proposed empirical method in
this chapter is useful for estimating evapotrarggin using remotely-sensed data and for
understanding the energy balance partitioningnd lsurface models.

In chapter 3, the author introduces MATSIRO (Mininfsdvanced Treatments of Surface
Interaction and RunOff), the well-known one &t §eneration land surface model, as main three sub-
schemes related with canopy structural and playsiplogical effects on land surface energy
partitioning: radiation transfer, aerodynamic scgfaroughness, and plant physiological process
schemes in MATSIRO. Atmospheric general circulatrondels used for climate simulation and
weather forecasting require the fluxes of radigttweat, water vapor, and momentum across the land-
atmosphere interface to be specified. These flaxescalculated by sub-models called land surface
parameterization scheme (LSPs). Recent LSPs repregebally the system of soil-vegetation-
atmosphere transfer as advances in plant phystabgind hydrological research. It incorporates
biogeochemical and ecological knowledge. The audpptied four modifications based on sensitivity
tests in order to improve the simulation accuracy:

1) The role of tree stems on radiation energy ltaamd aerodynamic transfer is considered. In
early LSPs, leaf area index and canopy height aeel @s manner of describing the above-canopy
structure. However, only both canopy structure comemts are not sufficient parameters to represent
land properties in the surface boundary layer besaaf passing over the impact of stem
morphologies as the permeable obstacles for thefalling, the light penetrating, and the wind gpin
through. Therefore, in recent LSPs, stem area ii8&X) is added with leaf area index (LAI) which
is one of main key phonological parameters in L3Rsrder to consider SAl, LAl is replaced by
plant area index to estimate interception lossrandhness length. The simple weighted factor with
the ratio of SAlI and LAI on PAI is used. Neverttedethe simple application of PAI in previous
studies is not available to represent the effetcsteon because the whole skins of leaves and stem a
not exposed to outside and the reflection and deagficient for leaf and stem object are different.
Therefore, the author applies the exposed weigfdetbr using Monsi-Saeki’'s light extinction in
MATSIRO.

2) The hydrological impact of the vertical distrilsun of plant root is critical on land water cycle.
In nature, roots define the biologically and cheatiicmost active zone of the soil profile. The dept
of the rooting zone of the vegetation cover, ortirmp depth, determines the extent to which soll
moisture can be extracted by vegetation for traaipn. In LSPs, root vertical distribution is trea
as a static component. The parameter of verticaldistribution in MATISRO is determined by look-
up table of vegetation types. In other word, mddt®Ps assume that root distribution profile in one
vegetation type is not changed. However, the clmingéeaf and stem biomass are reflected in not
only leaf area index and vegetation height but atsating depth, as following plant allometric
relationships. In most grassland and cultivatia@aatranspiration is increased and runoff is desga
In fact, the root fractions in first soil layer grassland and cultivation type are relatively large
different than other vegetation types. In Africgiom, decreased runoff might be caused increased
transpiration. This area is dry, and thus firselagoil moisture is quite variable through the amaf
rainfall.

3) Photosynthetically active radiation (PAR) energgching on the vegetated surface is a key
determinant of physiological processes. In ordeprticure PAR variable in the model, the ratio of



PAR to R (PAR/R) is commonly used to convert Rto PAR. PAR estimated from incoming solar
radiation (R) reduces the weather data requirements. It wdllice the weather date requirements for
the model. Several models simply use 0.5 for PARMRthe constant ratio. However, previous field
experiments have been represented the variationBAB/R, not constant ratio. The previous
empirical equations for estimating PAR/&e derived from the data of relatively long tiswle (e.qg.,
daily and monthly) and limited measurement sitéss Inot suitable for current biosphere model
having with several hourly and global scale simatatHere, we represent the exponential correlation
between hourly PAR/Rand sky clearness index (0~1) using data set om&dsurement sites in
Ameriflux. PAR/R is increased until 0.6 by cloudy conditions ofdvelabout 0.2 clearness index. To
the contrast, PAR/Rof over 0.2 clearness index is retained 0.42 asctinstant value. When our
empirical equation is replaced with previous onéiosphere model, it will be possible to bring -4~2
percent different on stomatal conductance, whiahast critical parameter for plant transpiration.

4) The scale-up method from leaf to canopy considediffuse radiation is important on
climate change. Scaling processes from a singlé tle@aan entire canopy is necessary when
considering the role of stomatal response to enwiental variables on interaction between biosphere
and atmosphere because of complex environmentaphysiological gradients within the canopy.
Several studies have shown that diffuse light, Wwheaters a complex canopy from all directions,
reaches leaves more evenly than light in the disetar beam. Consequently, canopy light use
efficiency increase with fraction of diffuse raddat and canopy photosynthesis has less tendency to
saturate. Beer’s law, which is the assumption theéMonsi and Saeki theory does not account for
the loss of scattered radiation if the extincti@ef@icient is calculated a&/cosf), whereG is the
mean area projected onto a surface normal to this say per unit leaf area, adds the zenith angle
of incident radiation. Because of its simplicityedd’s law has been used in most models. One
previous study found that the absorption of intpted and scattered radiation could be accounted for
by reducing the canopy extinction coefficient. Tdtesorptions of direct beam and diffuse radiation
are not calculated separately. It is necessarytiHfer canopy scaling-up considering with diffuse
radiation in global climate simulation.

In chapter 4 and 5, canopy structural and plantsigiggical effects are investigated,
respectively. In chapter 4, the author hypothesthes a functional relation between albedo and
roughness length can be sought for a vegetatedcgurdince both land surface parameters are
conceptually related to vegetation structure patarsesuch as leaf area index, canopy height, canopy
density and crown area. The author investigatedrédationship betweanandz, by using vegetation
structure parameters collected from observed data #8 measurement sites worldwide covering
various vegetated surfaces. Based on these datayexrse nonlinear relationship between roughness
length and albedo is found. It is shown that thisesved relationship can be empirically related to
canopy structure parameters such as leaf area emtkxcanopy height. Our results demonstrate that
plant canopy structure formed by the pattern ofraiss partitioning with the accumulated carbon
assimilation determines the key land propertiessiaface energy budget: albedo and roughness
length.

In chapter 5, recent simulation results by landasar parameterization schemes (LSPs) used
for climate modeling represent the change of glettier balance through stomatal regulation. The
author investigates the stomatal response to htyradd CQ concentration. Real stomatal behavior
which is summarized in previous literatures is cared with the calculated stomatal conductance,
and the method of stomatal conductance is moddwegsidering both influences of humidity and £O
concentration. The author modified two parts ofrsttal conductance model; 1) leaf temperature
calculation and 2) performance of the Ball-Berrydmounder the elevated GOThose two model
modifications are very important to represent @aphysiological effects realistically in any siuil



stomata models. Transpiration decreasing by *@@uced stomatal closure” is under-estimated in
original MATSIRO (Ball-Berry model) because of rivaly high VPD in tropical regions. However,
it is equivalent to “runoff increase” because theréased surface soil moisture by reduced
transpiration results in less water stress ones@bporation. Therefore, “runoff increase” by the,€CO
induced stomata closure will possibly occur, bt thagnitude of increase may vary from region to
region, because of the differences in humidity aadl moisture conditions. These results highlight
certain important impacts of plant physiologicahiohes on the global hydrological cycle. However, it
is critically important to understand the real ghgsprocesses at work; 1) validate the modifietl-Ba
Berry model using observed data and 2) conducinensimulations considering precipitation change.



