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Abstract H11G-1432 The capacity of the forest canopy to intercept precipitation and partition the remaining water into throughfall and stemflow largely influences the surface
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water budget in forested ecosystems. These processes are controlled by species-specific traits, canopy seasonality, and meteorological conditions. The complexity of these F ld St d R lt & A 1 M d 1 R 1t & A 1
interacting factors at varying temporal and spatial scales can lead to errors in estimating canopy interception and reduce accuracy of derivative watershed hydrologic modeling 1e u y e S u S na ys ]-S O e e S u S na ys ]-S

efforts. To improve interception estimates, model calibration and validation must be assessed using long-term, fine-scale field measurements that capture the variability of all

interacting factors. As such, field measurements of subcanopy hydrologic fluxes and meteorological conditions during discrete storm events were taken from 2007 to 2012 in a Global uncertainty and Sensitivity ana]ysis teChniqueS were used to compare five mechanistic interception models using
deciduous forest dominated by Fagus grandifolia and Liriodendron tulipifera in Fair Hill, Maryland, USA. - e 5 1-h infall . t1 di d hich rainfall int ities:
Preliminary results suggest that many of the current interception models (e.g., Gash and Rutter-types) are driven primarily by evaporation terms. However, field T75| @ Notn-Facing '0 g ° Th hf ll -hour rainiall scenarios at 10w, medium, an 150 raintall mtensiues.
measurements indicate that a large degree of variability in both throughfall and stemflow partitioning is derived from biophysical characteristics. For example, even within the E | ora - g s o s ge roug a * Rutter (Rutter et al 1972) * Gash (G ash 1979) *T.iu (Llu 1997)
small 12-hectare research catchment, differences in species composition induced by slight changes in elevation, coupled with slope orientation, resulted in sufficient canopy %50 @ West-Facing 2 Sk ; 0 3 '
variability whereby throughfall fluxes were definitively different across small distances. Additionally, smaller trees were more efficient in generating stemflow, while species with g B S : S ® * Rutter Sp arse (Valente et al. 1997) * Gash Sp arse (Gash et al. 1995)
smoother bark generated large quantities of stemflow under a variety of storm conditions—a mechanism that may further confound modeling efforts. To improve canopy B ° E 40 Table 2. Pairwise comparison of throuchfall volumetric flux across four o o ) ) ) )
interception estimates, model sensitivity analysis was used to determine the influence of current model parameters and how biophysical canopy characteristics may be further 2 o) S $ land ) " P Wil K & test. September 2011-Septemb Probablhty Distribution Functions (PDFS) for each of the 14 model mputs (Table 5) were set accordmg to measured data and
integrate d into such models. o & : an scai)e positions using 11coxon rank sum test. september -oeptember . . . . . . .
1 1 . T T s 2012. (Siegert et al. 2016) literature values. PDFs for climatic variables were determined based on hourly measurements made in Perthshire, MS
. Ll SRS North-Facing Flat West-Facing (33.97°, -90.90° NRCS SCAN Site #2046) in 2014 and are representative of rainfall conditions across diurnal and seasonal
Intro dUCtlon CSO 515 Flat 0.575 - } timescales.
) o ) o T ) ) ) > gso = %m = @ West-Facing 0.190 0.575 _ Tl"ab.le 4. Model ir.lput ciescripti.ons, abbreviatior}s, and probability distribution functions (PDFs). R=Rutter, RS=Rutter Sparse, G=Gash, GS=Gash Sparse, and L=Liu. An “X”
Interception (I) by the forest canopy plays a critical role in determining net hydrologic inputs by diverting significant 5 °® 5 e ° - N . indicates that the input is used in the corresponding model.
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quantities of precipitation that would otherwise be directed to soil moisture, transpiration, and surface and groundwater S - o ‘ o® e ¢ | s o o $$ South-Facing 0.001 0.037 0.190 Parameter Description Abbreviation Units R RS G GS L . Irilla(gtzgg)l; —
i ipitati - - § oo o ®a1 I . % p <0.001; ** p <0.010; * p < 0.050 ow = LiY.27Y, .
recharge. Direct measurements of' precipitation (Po), throughfaH. (TF)., and stemflow (SF) prgvide reasonable estimates of I, 0 $ : 1o o g o p p p=tts Cumulative Gross Precipitation” Pg mm X X X X X Med - U(1.265, 2.240)
but do not account for the variability introduced through the diversity of canopy characteristics, seasonality, or storm and N = - n . N High - U(2.240, 3.215)
meteorological conditions, nor do they provide a means to incorporate these effects into dynamic or scenario-based models. e SEEER Canopy Storage Capacity g mm X X X X X 11(0.29, 2.24)
. . dels of 1 indi . ¢ c e h derived f Figure 3. Location of experimental forest in northeastern Maryland and 4 subplots across ’
In contrast, interception models often rely on indirect estimates of canopy partitioning that are derived from canopy storage the landscape including north-facing (NF), west-facing (WF), south-facing (SF), and a flat Trunk Storage Capacity S, m X X X X LI(0.0037, 0.9800)
capacity, rainfall characteristics, canopy drainage, and evaporation (e.g., Deguchi et al., 2006; Gash, 1979; Rutter et al., 1972; central plot (F). Adapted from Siegert et al. (2016) o
T . . . e e . Free Throughfall Coefficient p % X X X U(0.06, 0.55)
Zeng et al., 2000). Because of the significance of interception in the water budget, it is important to determine the most
suitable models for use in any particular circumstance. There are a variety of existing forest interception models including e Small-scale tongraphiC Variability affects TF via species Stemflow Coefficient P % X X X 11(0.0031, 0.0600)
simple empirical, probabilistic models, and physical or mechanistic models, which are particularly useful because they composition Drainage Partitioning Coefficient P4 % X (0.0076, 0.0324)
allow investigation into the system’s processes and inner workings. S P | ) ol 1 . . . h Canopy Cover C. 9% X X 1(0.43, 0.95)
o
) 1 ) ) ) teeper slopes with overlapping canopies intercept the most Empirical Drainage Input N - N UG, 4.6)
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Field Study: Site Description rainfall. Canopy Dri o, e 024,073
, , —_—  Steeper slopes also result in greater spatial variability in TF Trunk / Canopy Evaporation ¢ % X X (0.022, 0.024)
An experimental research site was located at Fair Hill o .
Natural Resources Management Area (FH-NRMA) in flux. Net Radiation Ry MJ m*hr X X X X X H(0.00, 0-56)
northeastern Maryland (39°42'N, 75°50'W) within a 12« [,ocal features as determinants of water fluxes are important at Maximum Temperature Lo ¢ x X X x x 105, 22.5)
hectare forested catchment with a stand density of 225 trees loneer time scales Maximum Humidity H,_. % X X X X X U(73, 99)
ha'l, stand basal area of 36.8 m? ha!, mean diameter at & . iy o LR  Wind Speed u, m sl X X X X X (1.0, 7.1)
\ preast helght (DBH) of 40.8 cm, and me.an tree helght of 27.8 o = "The Rutter and Rutter Sparse models use R (mean rainfall rate) rather than P,. However, we calculate R directly from P, in our 1-hour rainfall simulations.
m. The forest canopy was comprised of Liriodendron S t fl 801 | ~
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tipping bucket in an open clearing ~0.5km south of the
site. Temperature, radiation, wind speed and direction,
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‘ '3 ; . Figure 4. Relationship between rainfall magnitude and funneling ratio (FR) by individual trees (see Table 4).
s ™ 2 - S The horizontal dashed gray line indicates FR=1, where stemflow volume is the same as rainfall over a given
humidity, and soil moisture were also monitored here - | tree basal area. Data collected during 158 rainfall events from 2007-2010. (Siegert and Levia 2014)
(Delaware Environmental Observing System). S — o g 10%, |- [ )E
. Table 3. Physical characteristics of trees selected for stemflow hydrologic monitoring. Adapted from Siegert and Levia (2014). P amkl [ R oome ]
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Tree Code Species DBH Basal Area Canopy Area Bark Thickness FR FR P
Table 1. Subplot site descriptions. Species composition was measured as a percentage (cm) (cm?) (m2) (mm) (Leafed) (Leafless) 3%
of the number of stems (>10 cm DBH) of an individual species relative to the total — Gash Gash Gash e o o6 o b h e NN NN N W WL
S number of stems per subplot. Plant area index (PAI) was measured seasonally with an Fg75 F. grandifolia 74.9 4406.1 125.6 2.0 3.7 11.1 Low Rainfall ~ CC Medium Rainfall C: 1% High Rainfall N B o N B o N B oo N
B . T - T LAI-2000 (Li-Cor, Lincoln, NE) and accounts for both woody and foliar tree Fg10 E. grandifolia 10.3 33 3 15.0 05 27 5 50.6 >7 3% Interception (mm)
pect | e ]SV o ok i - lope (% l:ise) | ao.asw,- 25-30% Components. (Siegert et al. 2016) Lt73 L tuli ifem 73.1 4196.8 97 6 270 05 1.9 e ||} = (Gash =——=Gash Sparse =—Rutter Rutter Sparse
N sl o, g, i g s oo North- Flat West- South- - P ' ' ' ' ' ' . .
= = e = Facing Facing Facing Lt71 L. tulipifera 71.1 3970.3 95.5 22.0 0.4 1.0 o =90 rghsalaias
Figure 1. Location of experimental forest in northeastern Maryland and 4 subplots across Species C . o ’
the landscape including north-facing (NF), west-facing (WF), south-facing (SF), and a flat pecies Composition (%) . e . . 20%
central plot (F). Adapted from Siegert et al. (2016). A. rubrum 4.8 14.0 9.7 8.8 * InteI‘SPEleIC StemﬂOW response varies Wlth Canopy leaf phase <
. = 15% |
o T 7 B. lenta 9.7 21.1 31.9 20.6 and seasonality. Tow hunfall St s Medium Roinfall  Tema» High haall 5
o . . . 1 . . . 2% 4% 1% & 10% |
. E. grandifolia 38.7 28.1 208 225 * Funneling ratios in subcanopy trees exhibit higher rainfall | | 2
Quercus spp. 30.6 19.3 22.2 29.4 oy ST _ o Y |
. * Additional variability induced by storm characteristics. o i ey b
.g DEH Class Misc. SPP- 4.8 3.5 8.3 9.8 . N B o N B o o N B oY NS
5 P onern Interception (mm)
100 == Stems (ha! 248 228 288 408
g - ( ) Liu Liv Liu — i =—Gash Gash Sparse =—Rutter Rutter Sparse
- Basal Area (m? ha™) 32.8 26.4 42.0 51.6 . Low Rainfall Medium Rainfall High Rainfall
Throughfall C anop Interceptlon Figure 7. Global sensitivity analysis of the five interception models under low (0.290mm to Figure 6. Sobol global uncertainty analysis histograms for the low
PAI (m? m2, Leafless) 1.09 1.76 0.99 1.21 & lgtercf?ptlon y 1.265mm), medium (1.265mm to 2.240mm), and high (2.240mm to 3.215mm) 1-hour rainfall (0.290mm to 1.265mm), medium (1.265mm to 2.240mm), and high
” ) Zo| Stemflow scenarios. The figure shows the total sensitivity index for each of the inputs. Inputs that have less (2.240mm to 3.215mm) 1-hour rainfall scenarios.
B PAT (m? m, Leafed) 5.58 5.51 5.37 5.14 than 1% importance are not shown or labeled for clarity.
APAI 4.49 3.75 4.41 3.93

Conclusions

* Under small rainfall conditions, gross precipitation [P;] is the most important
parameter.

* Under larger rainfall scenarios, canopy characteristics such as canopy storage capacity
[S], canopy cover [C_], free throughfall coetficient [p], and trunk storage capacity [S5;]
are increasingly important.

* As such, future modeling efforts, should aim to:

1. Obtain reliable measurements of canopy spatial characteristics,

2. Breakdown canopy and trunk storage capacity variables into easily measureable
physical components, and

3. Explicitly simulate rainfall characteristics such as duration and intensity, the
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Figure 2. Distribution of species by DBH Cl:%lSS as a function of percent of stems relatlve. to Aspect (°) 312.1 NA 257.9 141.1
the total number of stems for each species across each of the four subplots. Species
abbreviations are A. rubrum (Ar), B. lenta (Bl), F grandifolia (Fg), L. tulipifera (Lt),
Miscellaneous species (Misc.), and Quercus spp. (Q). (Siegert et al. 2016)
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Figure 5. Average monthly canopy partitioning into throughfall, stemflow, and interception. Data collected
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