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® Importance of understanding wet canopy gas exchange regulation

« Tree growing season in temperate evergreen coniferous forest in the Asian monsoon area
IS typically rainy seasons, unlike the forests in Europe.

« Affected by the Asian monsoon climate, interception took nearly 25% of precipitation in a
Japanese cypress forest (Saito et al. 2013)

* However, due to the drawback of closed-path and open-path CO,/H,O gas analyzer, there
Is a lack of precise CO, and H,O flux measurement from wet canopy

® [eaf wetness and wet canopy gas exchange relations
 CO, uptake during rainfall was sometimes observed (Sumpuku et al.,, 2018, Japanese
cypress)

« The mechanism of leaf wetness effecting plant exchange is complex:

v Wet leaf stomatal can be occluded by water droplets or water films, and thus gas
exchange gets depressed (Ishibashi and Terashima, 1998)

v Leaf wettability (species) influence whether the leaf wetness depress or stimulate gas
exchange (Aparecido et al., 2017; Kimaru and Tanakamaru, 1981)

O The actual leaf wetness distribution over needle leaf during natural wetting
evetnsis seldom concerned



Location: South Shiga, Japan
Kiryu Experimental watershed Annual temperature: 13.6°C (2016-2019)

(FLUXNET member site) Annual precipitation: 1784.5mm (2016-2019)

Main vegetation: 60-year-old Japanese
cypress (20m, hypo-stomatal)
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Measurements

® Eddy covariance measurement Advantage of CO,/ H,O enclosed gas analyzer
A o Measurement height: 29m » Minimizes data gaps with continuous measurements
through precipitation
(D 3D anemometer * Improved optics and temperature controls increase
(SAT550, Kaijo) long-term stability and reduce drift
@ Enclosed path gas analyzer LI-7200 Enclosed Path CO,/H,0 Analyzer (licor.com)
(LI7200, LI-COR, water-proof sampling cell)
:> Latent heat flux ()\E) (15_m|n interval)

Net ecosystem exchange (NEE)

® [ eaf wethess measurement
Electric resistance based wetness sensor @&
Measurement height: N
Top, middle and bottom canopy layer
(around 19.4m, 18.6m, 17.4m)
WD(wethess degree) =1- Smeasured/Sdry
Sheasured: the sensor signals.
Sary: Sensor signal from dry leaves.

(15-min interval)

® Soil CO, flux measurement
Automated chamber system (Sakabe et al.,
2015)

Average from three plots near the flux tower

I:> Fsoi (30-min interval)


https://www.licor.com/env/products/eddy_covariance/LI-7200RS

Simulation
SVAT (soil- vegetation-atmosphere transfer) Multi-layer model (Kosugi et al., 2006)
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Coefficient of determination (R?) (model efficiency index (e.g. Ellis et al., 2010) or Nash—Sutcliffe model
efficiency coefficient (NSE) in other study(e.g. Marks et al., 2008))

(e — %oy )? R? >0: better or equal predictive efficiency to the mean
(=137sim __ Zobs S of the time series;

?zl(xobs — xavg) the more R?is close to 1, the more precise the model is.
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Evaluating wet canopy CO, uptake by EC data

 Annual average

Snow-  First 6h after

Wet_DR Wet_AR Wet_total loaded  wetness ended usual dry
(during rainfall) (after rainfall)
Fesoit (umol m2s?) 2.5 2.6 2.5 0.3 2.9 2.2
NEE (zmol m?s™?) 0.2 -2.6 -1.9 -0.4 -7.4 -5.3

Soil CO, emission during wetting and right after wetness ended was larger than usual dry period
« Seasonal accumulation of NEE
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* Wet canopy had contribution to CO, uptake , NEE was largest in summer
 NEE was stimulated right after wetness ended



Daytime AE series by observation and simulation (@ representative days)
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(60 days had wetting in the daytime from 2016 to 2019)

rainfall amount a Model 1 o Model 2 R?=0
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Model 1 in almost all of the wet days had positive R? (equal or even better to the
average data)

Model 2 had several negatives when the accumulated daytime rainfall was less
than 5mm (Model 2 may be less suitable for light rainfall condition)



(15-minute data from 2016-2019)
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Measured AE (W m2)
*R? indicates model efficiency, instead of linear correlation)
« Model 1 had better performance than Model 2 especially after the rainfall and Model 1

significantly improved after rainfall
 Model 1 had better performance than Model 2 both in relation with available energy and VPD

 Measured AE and simulated AE by both models were close to each other in low available energy
and VPD conditions



Conclusion

From measurement:

« CO, uptake during the wet was depressed, but the annual accumulated
NEE still shows considerable CO, uptake;

« CO, uptake was stimulated at the first 6 hours after canopy wetness ended

» Both NEE and soil CO, flux during the snow-loaded period were very small

From simulation

* Both interception situations are possible to happen, but Model 1 is more
suitable for this temperate forest

* Model 1(interception only on adaxial surface) and Model 2 (interception on
both surfaces) had similar performance during the rainfall, Model 1 works
better after the rainfall (compared to itself during the rainfall and Model 2
after the rainfall).

Future Expectations:

» More abundant precipitation sources (e.g. fog, cloud, short-time snow)
» Species

» Sites with longer snow period
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