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Introduction Scenarios of Initializations of 2. Effects of soil moisture and canopy heterogeneity

Trees influence the coupling between soil moisture and atmosphere at different scales. - - - - - - - - -
PING DEtWe . - . o Canopy Heterogeneity Soil Moisture Heterogeneity on spatial distribution of state variables
Canopy-scale structure of vegetation may strongly impact spatial heterogeneity of soil moisture g | 9

and atmospheric boundary layer. -
Current land surface parameterizations use simplified representation of interactions between B | ;":o:m Mean(SM) = 01345 [ui] ~;j | @
vegetation and soil moisture. | | lsMean(LAl)=4.2[] ' ' N

Our study uses a high-resolution, physically-based eco-hydrological model (tRIBS+VEGGIE) as ' 5Std (LA = 2.3 []

a data integration tool to upscale heterogeneity of canopy structure resolved at few meters (5m) -

to the watershed and larger scales (>1000 m).
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107 : : : - | Information Entropy for different LAl

i | scenarios and SM initializations. Shannon
Information Entropy was used to quantify
the evolution of spatial distributions of SM
(as average over 0-1 m depth) and
transpiration.

Rgrs LAI ] - Information Entropy of SM (0-1 m) Information Entropy of Transpiration < Figure 8. The time series of Shannon
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(a) and (b): A comparison of information

.| entropy of SM (0 — 1 m): the differences
—— UnfmLAI_UfmSM |’ " [—unfmLal_utmsm [| | between the UnfmSM and RgrsSM cases
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0.08 SM[V/V]

Simulation Hours [Hr] Simulation Hours [Hr] on SM spatial distribution becomes
negligible. The soil moisture variability
becomes dictated by the LAl distributions,
which are either UnfmLAI (a) or RgrsLAI (b).
Probability Distribution Functions (PDF) at
hour 12 and 1092 are illustrated.

Questions

This study aims to improve the understanding of scale in atmosphere-biosphere-hydrosphere - el PoFatizne
interactions during growing seasons by using different scenarios representing heterogeneous i 1| PMean(LAl = 4.2 [ i Mean(SM) = 01345 [vi] AN
canopy and different initializations of soil moisture. AW st Ay =230 {’ L], SeeM=00zs vy
1. Do spatially averaged dynamics differ among the scenarios using different spatial i N |
representations of canopy and initializations of soil moisture?
How does small-scale heterogeneous soil moisture initialization influence spatio-
temporal distribution of state variables and fluxes?
How does fine-scale canopy heterogeneity affect spatio-temporal dynamics?
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(c) and (d): A comparison of Information
Entropy of daily transpiration. Cases using
the same LAI scenario have similar pattern
of entropy (c and d). Day-to-day fluctuations
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A Figure 4. Scenarios of Regressed LAl (Rgrs LAl A Figure 5. Initializations of Regressed SM (Rgrs SM, | , S~ RQISLAI_RQrsSM | o , —©—RgrsLAI_RgrsSM ||

isti - , ' of transpiration entropy are believed to be
upper plot) and Statistical LAl (Stat LAI, lower plot). Rgrs upper plot) and Statistical SM (Stat SM, lower plot). An 200 Simulation ours [Hr] >0 simulation Hours (HI] _ P by _
LAl was regressed from canopy heights. Stat LAl was » L : . B driven by the day-to-day fluctuations of
. ) additional initialization of uniform SM (Unfm SM) with SM = o )
generated with a virtual canopy generator (V-CaGe, _ shortwave radiation (Figure 9).
uniform LAI (Unfm LAI, not shown) with LAl = 4.2 [-] was vertical direction (0 - 188.3 cm) was assigned to be uniform. o _
constructed as a control case. Transpiration ~ Incoming Shortwave

x10° . . .
MethOds - UnfmLAI_UnfmSM| L 3 . UnfmLAI Unfmsm| “ <« Figure 9. (a) A_ comparison of dayly
© UnfmLAI_RgrsSM 1 © UnfmLAI_RgrsSM s averaged transpiration with  daily
- 20

) . ) ) . StatLAl_UnfmSM 2.5/ . RgrsLAI_UnfmSM : - ot :
The modeling work was conducted in a deciduous forest environment of Northern Michigan, > StatlAl_UnfmsM | > RgrsLAI RgrsSM 3 incoming shortwave radiation, linear
_ _ _ o _ _ _ _ 2 2 . relationships can be observed, with
near the AmeriFlux tower at the University of Michigan Biological Station (UMBS, Figure 1). 1. Spatially Averaged Dynamics o correlation coefficients (r2) ~0.6. (b) A
Canopy height and Leaf Index Area (LAI) were observed to be heterogeneous over the domain
(a) Daily Transpiration (b) Soil Moistu (c) Canopy Temperature

15 5 - comparison of Information Entropy of
transpiration with incoming shortwave
(Figure 2). Fine-resolution (5 m x 5 m) DEM and canopy properties, meteorological data from ! nmLALUnmsw] e Yy ., radiation, at 12pm everyday. The
: : : : : —&—UnfmLAL_RgrsSM b3 ] smallest r> = 0.30 occurs for the case
i ot Al Unfm 4 0.5
the AmeriFlux tower, soil moisture (SM) data during 2010 growing season StetLAl_UnfmSM , using RgrsLAl and RgrsSM. Other three

StatLAl_UnfmSM
(06/07/2010~8/23/2010) were used in modeling. ‘ I | Reeta unmsy 05 e 0l sl L LWL cases have 12 ~0.57.
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<« Figure 10. The spatial distribution of
soil moisture evolves: (a) with respect to
time; (b) with respect to both time and
. LAI. Canopy adjusts soil moisture field to
. 358 | LAl  spatial distribution.  Canopy
1 i 1 ‘homogenizes’ soil moisture more rapidly
oosemde £ | atlocations with higher LAL.
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A Figure 6. Spatially averaged simulation results, by using different LAl and SM scenarios: (a) daily transpiration; (b) soll
moisture availability factor; (c) canopy temperature.
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i easure A STD_Sim:Plot g
studied forest system at the UMBS height (z-values) and LAI (color). Canopy heights A Figure 3. A conceptual 1o Simaer S0, w References

STD_Sim:Basin

and the AmeriFlux tower. The . STD_Sim:Plot
_ ) _ were measured by remotely sensed data diagram of tRIBS+VEGGIE. At _ ‘ - .

domain area is ~2 km2. The area is (airborne lidar), LAl was inferred from the height  the element scale, the energy 3002/52 R PO ' Egtggg;’e\gfs'?sgxggﬁgz?eﬁZ{’hafgg 2\;33%5 T(ez|ﬁ,037|)3 ég;/ Igg?;?g opy Generator (V-CaGe) for modeling complex
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) ( P vegetated layer is simulated. 0615 o701 0715 0801 08/15 soil moisture in a northern temperate deciduous forest. AGU Fall Meeting 2010, #H11H-0913.
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the essential water and energy processes over a basin and links them to the basic plant life A Figure 7. A comparison of simulation results (1990 hours of simulation time) ~ Zopsssar— Zze\r/?lg’ﬁggr controls of vegetation spatio-temporal dynamics and topographic niches of favorability. Water Resour. Res.,
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regulatory processes. In the studied domain, the dynamics of each computational element (5 m the plot-scale with LAl = 4_2( [)_]’ S mt?l ted basm_éverage d latent heat, and the R
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