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critical phenomena
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Barro Colorado Island (1983)
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Fig. 1. 1000)(508 rl;llstgigitized map of the neotropical forest in
Barro Colorado Island, Panama, in 1983.2:4) Gap sites, 5x5m
subplots in which vegetation height is less than 20 m, are plotted
by black dots.

Analysis of Structures of Forests by Ising-Gibbs States 2555
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Fig. 2. Log-log plot of the gap-size distribution for BCI and the

cluster-size distribution of down spins in the Ising-Gibbs state
with K = 0.37 and h = 0.016.}!) The size of the gap cluster
(down-spin cluster) is determined with Neumann neighborhood.
For the Ising-Gibbs state, we performed the Monte Carlo simu-
lations on a 700x 700 square lattice with the periodic boundary
condition and averaged over 10 data, each of which is obtained
after discarding 1500 Monte Carlo steps. Clusters contained in
a 199x99 region on the lattice are counted and the points in the
distribution have been logarithmically binned in boxes of powers
of two.
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An Ising Madel for the Rainforest

In a recent paper.@m(___@'_argw}ve shown that the for-
est canopy dynamics of the Barro Colorado plot can, in fact, be regarded
as the result of an Ising-like model® (see Chapter 2). Using a simple set
of rules directly inspired by field data analysis, Katori et al. reproduced
some of the most interesting properties of the Barro Colorado 50 hectare
plot. In Figure 7.17 the basic rules are described. Here two types of
states are allowed (as with the Ising madel); nongap points (here white
squares) and gap points (black squares, corresponding to canopy below
20 meters high). ;

Field data provided the estimation of the transition rates (indicated in
the figure below the arrows for each of the six possible cases). Here d
is the spontaneous creation of a canopy gap (here d ~ 0.024), and &

N [ ] o] 0
(OO0 @] 16 @le[e)
B ] o o]
L] [o]—[ eo[e] [o] o] —[e]e]0]
H R of w5 o]

o o
L[ |o]—~[ le[e] [of — []
HER N

Figura 7.17  Basic rules defined in the Katori’s et al. model. Gaps sites are
denoted by black circles.

indicates the risk of falling trees due to the presence of neighboring gaps.
Katori et al. use the simple (and sensible) approximation &, = k&, where
k=1,...,4 and 8 = 0.276. This choice is based in the observation
that the presence of nearest canopy gaps strongly increases the fall of
neighboring trees either by direct physical effects or because of the strong
modifications of local microclimate. The model is completed by introducing
a transition rate from a canopy gap point to a noncanopy point due to tree
growth (b =0.177).

The dynamics of this model give quite good results. But Katori et al,
go a step further and show that in fact, this model is equivalent to an Ising
model close to criticality. They estimated the appropiate temperature for
the Ising model configuration consistent with Barro Colorado data. An
example of the similarity between the Ising model and its rainforest coun-
terpart is shown in Figure 7.15b, to be compared with Figure 7.15a (from
Katori et al., 1998). The quantitative agreement between both plots can
be shown by means of fractal measures or by plotting the size distribution
of canopy gaps. The later is shown in Figure 7.16, where both field data
and simulation are shown. These results give strong support to the early
conjecture that rainforest dynamics take place close to critical states.?
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Barro Colorado Island (1983)

1999
) Es#5%1 gap cluster

« Canopy Gap Site
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Fig. 1. 1000)(508 rl;llstgigitized map of the neotropical forest in
Barro Colorado Island, Panama, in 1983.2:4) Gap sites, 5x5m
subplots in which vegetation height is less than 20 m, are plotted
by black dots.

Analysis of Structures of Forests by Ising-Gibbs States 2555
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Fig. 2. Log-log plot of the gap-size distribution for BCI and the

cluster-size distribution of down spins in the Ising-Gibbs state
with K = 0.37 and h = 0.016.}!) The size of the gap cluster
(down-spin cluster) is determined with Neumann neighborhood.
For the Ising-Gibbs state, we performed the Monte Carlo simu-
lations on a 700x 700 square lattice with the periodic boundary
condition and averaged over 10 data, each of which is obtained
after discarding 1500 Monte Carlo steps. Clusters contained in
a 199x99 region on the lattice are counted and the points in the
distribution have been logarithmically binned in boxes of powers
of two.
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Fig. 3. 555x455m digitized maps of the deciduous forest on Ogawa Forest Reserve (OFR),
and in (d) 1991.Y Gap sites, 5x5m subplots in which there is no canopy higher than 15m
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Ogawa Forest

Reserve Analysis of Structures of Forests by Ising-Gibbs States 2557
[IJ\J I I ﬁ%{%§E$* o ) OFR76 — e OFR81 —
(ﬁﬂﬁl—.ﬁc)] 100_'--._ tsingmodel'“. - : Ising model - - -
MEIFXvyyTD €10 %10
DIRF—HYAXnMm ° : ;
1 1
| 0.1 10 = 100 1000 14 10 e 100 -.l1ooo
- » — (a) (b)
ENHEXIEYT 57T
[i [ilEt‘f‘Ji o OFR86 — - OFR91 —
Ising model - - - .- Ising model - - -
" 100 100
vaitli kst § %
—T 2 10 1 210}
f(s) ~ s : 5
1 1
~EgHwEA )
; 10 ) 100 1000 , 100 1000
size size
(d)

(c)

Fig. 4. Log-log plots of the gap-size distributions for OFR in (a) 1976, in (b) 1981, in (c) 1986 and in (d) 1991, and those of the
cluster-size distributions of down spins in the Ising-Gibbs states with K and h listed in Table L. For the Ising-Gibbs states, the Monte
Carlo simulations were performed and clusters contained in a 111x91 region on the 700x700 lattice were counted. The points in the

distribution have been logarithmically binned in boxes of powers of two. 31



2558 _ Shinya Kizaki and Makoto KATORI (Vol. 68,
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Ising model(K=0.37, h=0.016) =1.7 **°
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Fig. 6. From the bottom to the top, the gap-size distribution f¢(s) for BCI, fi(s) for OFR in 1976, in 1986, the cluster-size distribution
of down spins fig(s) of the Ising model with K = 0.36 and h = 0.016 and fic(s) with K = K. = 0.440 and h = 0. These are shifted
upward in order to see them easily. The points in the distributions are not logarithmically binned. The distribution at the top is fitted
by a size to the power of 2.0. Other four distributions are fitted by a size to the power of 1.7.
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Fig. 7. The gap-size distribution f;(s) for White Mountains
(WM), New Hampshire, USA from ref. 3. (In the ordinate of
Fig. 1 of ref. 3, 15 should be read as 50.) (a) The semilog plot of
fe(s) for WM. (b) The log-log plot of f;(s) for WM. The dashed
line in (a) denotes the fitted exponential function of a size and
that in (b) denotes the fitted algebraic function of a size in the
region where sizes are less than 30.
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