Tracing Radiation and Canopy 

Architecture (TRAC)植物冠层分析仪

                 ―――――――――――――测量植物冠层叶面积指数的新方法
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完整的光学测量和数据采集单元：
· 光照传感器，波谱范围：400－700 nm；
· 内置512 K内存；
· 连接计算机的数据接口；
· 可用于野外恶劣的环境条件；
· 使用简单、方便
· 低成本
特点：
TRAC可以测量冠层林窗比例和冠层林窗大小的分布；
林窗比例：给定天顶角内冠层内的林窗比例。通常来自于辐射透射；
林窗大小：林窗的物理尺寸。同样的林窗比例，可能又不同的林窗尺寸分布；
我们为什么测量林窗尺寸?
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Architecture (TRAC) because of foliage clumping. A canopy gap size 5

distribution  contains information of canopy
architecture and can be used to quantify the effect of
foliage clumping on indirect measurements of LAL

A new way to measure
Leaf Area Index
of Plant Canopies

How is gap size distribution measured?

TRAC uses a walking and high frequency sampling
technique to record the transmitted direct light along
a ftransect. Fig. 1 shows an example of such
measurements where each spike, large or small, in
the time trace represents a gap in the canopy in the
sun’s direction. These individual spikes are then
converted into gap size values to obtain a gap size
distribution shown in Fig. 2.

The curve is an accumulated gap fraction from the
largest to the smallest gap. The total accumulated gap
fraction on the ordinate (at gap size of zero) is the
cap fraction which is usually measured from the
radiation transmittance. A gap size distribution curve
like this reveals the content of the gap fraction and
contains much more information than the
conventional gap fraction measurements.
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植物冠层，尤其是森林，有不同的冠层结构，如树冠，whorls，枝条等。这些结构指示了叶片的空间分布，并且由于是假定叶片空间分布，使得这样的数据趋于无效。以前的基于林窗比例理论的商业化的仪器经常由于叶片的丛生效应而低估了叶面积指数。冠层间隙尺寸分析部包含了冠层结构的信息，而且能用于量化叶片丛生（clumping）效应对间接测量叶面积指数的影响。
如何测量林窗尺寸分布？
TRAC使用高频率行进的技术来记录沿横断面透射的直射光。图1显示了这样的数据例子。这些个体数据可以转换程林窗尺寸大小以获得图2显示的林窗尺寸分布。这个曲线是一个从最大到最小林窗的累积林窗比例。纵轴总计累计的林窗比例的测量通常来自辐射的透射。林窗尺寸分布曲线揭示了林窗比例，并且包含了比传统林窗比例测量更多的信息。
本研究方法的有效性
TRAC技术已经在很多研究中得到应用(Chen and Cihlar, 1995a; Chen, 1996a, Chen et al., 1997; Kucharik et al., 1997)。这些研究表明基于林窗比例的仪器，如LI-COR的LAI-2000在假定叶片分布实随机的情况下，测量的是有效叶面积指数。由于叶片的丛生效应，有效LAI仅有真实叶面积指数的30－70％。TRAC得到的丛生指数可以用于把有效LAI转换成真实的LAI。当TRAC用于阴天的时候，单独使用TRAC也可以获得准确的LAI值。Chen et al（1997)推荐TRAC可以用于调查叶片空间分布格局，而LAI-2000可以用于调查叶片角度分布格局。TRAC与LAI-2000的结合使用可以精确地评估林分的LAI。
TRAC的其他用途
1. 光合有效辐射的测量：可以获得冠层的投射光的平均测量，已经被成功地用于量化被冠层吸收的光合有效辐射(FPAR)的量化；
2. 林窗尺寸的分布：可以用于估计几种冠层参数，如植物丛生大小与面积等(Chen and Cihlar, 1995b)；
3. 林窗尺寸分布已经用于来自植物冠层的光学遥感信号的热区和双向反射(Chen and Leblanc, 1997)。
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‘What’s new?

TRAC measures canopy gap size distribution in
addition to canopy gap fraction.

Gap fraction: the percentage of gaps in the canopy at
a given zenith angle. It is usually obtained from
radiation transmittance.

Gap size: the physical dimension of a gap. For the
same gap fraction, there can be different gap size
distributions.

‘Why do we measure gap size?

Fig. 1. An example of TRAC measurements in a mature jack pine
sand near Candle Lake, Saskaichewan The measured
photosynthetic photon flux density (PPED) along a 20 m transect
(a small portion of the original 200 m record) shows large flat-
topped spikes corresponding fo large canopy gaps befween free
crowns and small spikes resulting fom small gaps within free
crowns. The bascline is the diffuse irradiance under the canopy
‘measured using the shaded sensor.

Can we quantify the clumping effect from
gap size distribution?

Yes. A cap size distribution contains manv gan:
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