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digital camera images taken in 2013 from the Army's Geographical
Organization were received and processed. In the first step, the
identification and preparation of the canopy gaps map was done using the
object-based classification method. To evaluate the correctness and
accuracy of the maps, the centers and boundaries of several canopy gaps
were taken using a differential global positioning device, and some were
prepared on the orthomosaic image and CHM. In the second step, 1345
lights were extracted from the classified map of aerial digital camera
images, and 1058 canopy gaps were extracted from the classified map of
the UAV, which had the highest accuracy, and the characteristics of the
canopy gaps were obtained at each time point. In the third step, by crossing
the classified maps of aerial digital camera and drone images, which had
the highest accuracy. The dynamics of the gaps were analyzed by
calculating the characteristics of gap formation rate, gap closure rate, gap
expansion rate, gap reduction rate, and gap number increase rate. Finally,
to statistically analyze the data, first, their normality was checked using the
Kolmogorov-Smirnov test in SAS 9.4 statistical software and then the
paired t-test was used to compare the averages.

Results: The results of the canopy gap dynamics during the 9 years
showed that the number and density of the canopy gap decreased.
However, the average area canopy gap and the share of the area of the
canopy gap in the total area increased significantly. In both periods, 65% of
the canopy gap had an area of less than 150 m?, and a large canopy gap

)



(larger than 300 m?) covered the lowest frequency and share of the total
area of the canopy gap. The highest rate of changes in the canopy gap
source was related to the gap expansion rate (1.09% per year). The gap
closure rate is almost equal to the gap reduction rate. The lowest rate of
changes in the light is the gap formation rate (0.77% per year). The
logarithmic gap number increase rate (GNIR) was negative (-2.6) and in all
canopy gap classes, the number of closed canopy gaps per year is more
than it is the number of new canopy gaps that are created.

Conclusion: With the passage of 9 years, the density of gaps and the
number of gaps have decreased and the total surface of gaps has increased
significantly. This increase in the total level of the gap can be attributed to
the increase in the gap expansion during the period. Because the gap
expansion rate is higher than the gap formation rate, the gap closures rate,
and the gap reduction rate. In both periods, the most abundant size was
related to small holes, which indicates the predominance of small lights in
the studied area, which shows the predominance of small gaps in the
studied area; small gaps make up most of the dynamics of gaps and close
faster than big gaps.
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Figure 1. Location and scope of the study area in Kalaleh City in Golestan Province and Iran.
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2- Gap formation rate

3- Gap closure rate

4- Gap expantion rate

5- Gape reduction rate

6- Gap number increase rate
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1- Local maxima
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Table 2. Formula and definition of gap dynamic indicators between two periods.

Formula Description Indicators
MA.L;L}J_J;4;;:))@M&;ﬁcujloiwﬂsé\@@uﬁm iy oS S E S
GFR= (IA/(Axt)) adllans, s adlate IS Cmlows 4 (Ul 53 10,5)
x100% . . .
° GFR = area with a status change from closed forest matrix to gap related to Gap formation rate
the whole study area [%yr']
S 0 S ey iy 2 sy 3 O Sy o (sladlaie oLoe GCR wdyy OAd w5
GCR= (CA/(Axt)) adllans, s adlate IS Cmlows 4 (Ul 53 10,9)
x100% . .
° GCR= area with a status change from gap to closed forest matrix related to Gap closure rate
the whole study area. [% yr']
£ S e S 5 1S Wy 4 aidsy O] Cand s &S glailae c-Ls GER wdyy rpeS Ep
GER= (EA/(Ax)) adllans, o adlate IS Cmlve (o 55 A 3)
x100% ) .
GER = area with a status change from gap to expanded gap related to the Gap expansion rate
whole study area. [% yr']
£ o GEAS gy el S aidgy O Cand s S (gladlie -l ‘GRR whyy el
GRR= (RE/(Axt)) anlass ;g0 ailate IS ol (s 53 ds)
x100% ) . .
GRR = area with a status change from gap to reduction gap related to the Gap reduction rate
whole study area. [%yr']
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GNIR = (INNpInNy)/ 50 00 O Sl onall (e palle 5 0o nl 53 sy sl VLo o3 aimsols g 5 dys) iy,

(t2-t1)x100% GNIR = proportion of gaps that change their status between the gap and
closed forest matrix. Positive values show the annual percentage of net gap

creation at this time, while negative values indicate a net loss of gaps.

Gap number increase
rate [% yr]
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IA: the total area of new gaps (m?) in the second period (t,), in other words, related to the year 2020. Ca: the total area of
closed gaps in the second time (t2); The gaps that were registered in the first time (2011) but were closed in the second time
(2020). Ea: total area of expansion gaps in the second time (t2); RE: The total area of reduction gaps was recorded in the first
time of registration (2011) but they were filled in the second time (2020). t is the time interval between two aerial
photographs (t>-t1) [yrs]. A is the total size of the study area [m2]; N is the number of gaps at t;, whereas N is the total
number of gaps at t,.
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Table 3. Evaluation of the accuracy of gap map preparation methods obtained from UltraCam-XP digital
aerial camera and UAV.

V44 Jl slgy pslas

WA Jl o35y Ll sl Se

UAV 2020 UltraCam-XP 2011 b 4t 06 o
LSeo o (Aoyd) JScomw  LSeo,o  (doyd) IS comw Gap map
preparation method
Kappa Overall accuracy Kappa Overall accuracy
Coefficient (%) Coefficient (%)
Lo p 550 3
0.84 92.38 0.9 95.03 et ey
Nearest Neighbor
0.94 97.01 0.85 92.71 ol S
Random Forest
Dy s pepile
0.98 99 0.89 94.70 SRR el
Support Vector Machine 3 8
K
Y NGICERE ﬂ{ﬁ =
0.96 98.34 0.88 94.37 S et 2 = 8
Decision Tree
0.94 97.35 0.9 95.03 >
Bayes
b o 55 K
0.92 96.35 0.92 96.03 et iRy

K- Nearest Neighbor
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Figure 3. Gap dynamics in the studied area in a period of 9 years (2011-2019).
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Table 4. Descriptive statistics of gap in 5 class in 2011 and 2019.

Y44 Jle s laws s, olib
Gap size class in 2020

WA e s baady, Slib

Gap size class in 2011

bS5
Characteristic

>300  150-300  50-150 <50 >300 150-300  50-150 <50
1148554 13103.93 20711.37  20149.03 942410 1255875 19832.99  21048.86
Total gap area (m?)
0) Co-lows /'«L..A
47856  195.58 83.85 27.98 39267  179.41 79.01 2105 (@ _ o
Mean gap size (m?)
20) Jaoes - /'L./a
193.77  128.06 53.54 26.7 246.98 142.19 70.28 28.11 (g a) B 5
Mean perimeter (m)
gy sldas
24 67 247 720 24 70 251 1000
Number of gaps
o
227 6.33 23.34 68.05 1.78 5.2 18.66 74.34 (hs) s Sl
Relative Frequency
(-Lo)b) Colewe J““’ &
17.54 20.02 31.64 30.78 14.99 19.97 31.54 33.48

The relative share of
area (percentage)
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Figure 4. Spatial distribution of gap dynamic processes in the studied area in a period of 9 years (2011-2019).
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Table 5. Dynamic processes of gap class in the studied area.

O S U T T B CI ) _

(loy2) aib 2 cle () () Sl sl el oleb
The ratio of the area of gap changes Abundance Dynamic processes Class
to the total area of each class Tozi:%rea Me(a;;;rea
(percentage)
gy S At
18.14 6242.72 17.53 356
Gap closure
4.J 1 Y . S Ls
23.29 8013.23 12,62 635 T o
Gap reduction
6.18 2128.30 27.64 77 s 68 S >50
Gap formation
4,J 1 Y v . &
32.65 11234.49 17.47 643 2l R A
Gap expansion
Jol g, olle SL
19.74 6792.41 1054 644 P ) o S
Gap remained
gy DS Aty
17.41 5881.20 73.51 80
Gap closure
4..J 1 .o N B LS
21.27 718554 42,02 171 A o2
Gap reduction
18.85 6366.99 83.77 76 o A5 50-150
Gap formation
A.J | ad . &
22.44 7578.12 4431 171 2ol ey S
Gap expansion
aJol kg, okl 3L
20.03 6766.25 39.57 171 =9 S 0%
Gap remained
gy DS Aty
28.33 6516.08 203.62 32
Gap closure
A,J 1 - N & LS
14.68 3375.36 88.82 38 w0 o
Gap reduction
24.44 5620.44 193.81 29 e ‘5}5‘}{“ 150-300
Gap formation
Ayl ks, S
20.94 4816.19 126.74 38 25l s A
Gap expansion
aJgl sy, okl 3L
116 2667.30 70.19 38 2 Sy 05 S
Gap remained
2557 4617.47 419.77 11 e
Gap closure
A‘J 1 .o N £ Ls
10.81 1953.72 150.29 13 I S0
Gap reduction
31.33 5656.89 514.26 11 0 6)5J§M >300
Gap formation
4J 1 .8 . &
16.48 2975.72 228.90 13 25l s s
Gap expansion
sl iy, 0xbe 3L
158 2852.91 219.45 13 7 O S

Gap remained
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