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Figure 1. Geographical distribution of studied stations.
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Table 1. Univariate analysis of EMC with spatial variables.

) Bl sk @Blar 20 o
Latitude Longitude Latitude oles
S R B A S R B A S R B A

9.02 104 -0.0044 72 748 384 1.22 131 846 212 0899 3738 2
236 119 -0.00124 133 227 184 -0223 237 227 179 0218 481 N
254 205 -0.00182 129 273 76 -0.162 195 269 104 0.188 4.8 Lkl
272 194 -0.00191 116 2.90 8 -0.177 19 287 10 0196 326 (2o
309 16 -0.00193 105 326 62 -0173 176 3.18 109 0227 105 Cuigws)
3.09 246  -0.00252 99 353 15 -0088 121 348 39 0143 267 ols =
300 29 -0.00275 101 356 02 -0034 92 354 13 0.082 4.65 B
305 339 -0.00313 105 375 03 -0039 955 373 09 0072 5.07 sls e
324 335 -0.00329 111 396 08 -0074 117 393 22 0121 384 DR
303 263 -0.00258 116 345 44 -0.153 17 339 72 0194 259 A
279 158 -0.00172 126 273 194 -0276 253 273 187 0269 1.96 ol
237 162 -0.00149 142 214 318 -0302 285 227 228 0254 433 53
258 249 -0.00213 118 289 6.2 -0153 177 285 85 0178 3.79 Yl

e 3Gl S (4 3) et ey b RY O S5 end B 51 L5 2 A
A: Intercept, B: Regression slope, R%: Coefficient of determination, S: Standard deviation
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Table 2. Bivariate analysis of EMC with spatial variables.

gl 2Bl b gl s Blar 2 e bl dsb 5 5 e

Latitude-Longitude Latitude-Altitude Latitude-Longitude

S R?  Celev  C-long A S R?  Celev C-lat A S R? | Ocn'g Clat A
1.88 36 -0.0012 0247 274 173 46 0.0015 0.39 1.68 194 317 -0135 0.23 12.6 8>
206 533 -00014 0243 26.1 184 471  -00017 0.42 025 213 287 0116 0.261 932 e
238 309 -0.002 -0.19 229 213 446  -00023 0.39 018 264 151 0059 0251 574 Ll
254 301 -0.002 0206 225 230 429 0.0029 041 -166 281 15 -0071 0.258 4.78 SIESTR)
295 244  -0.002 0202 212 266 382 -00024 0.44 -388 314 141 0048 0305 0.86 Sl
304 275 0.0026 0126 165 289 345 00029 0312 024 351 3.9 0015 0179 221 als =
300 30  -00028 0074 14 291 339  -0003 022 294 357 09 0005 0.097 3.88 >
304 351 -00032 0085 15 296 384 00039 022 336 376 06 -0011 007 574 313 e
321 357 -00034 0122 175 3.05 417 00037 0.318 074 395 23 -001 0156 3.15 B
290 331 -00027 -0.191 216 264 445 -00031 0.42 20 337 9.5 -0048 0.257 292 B
239 39 -0.0019 -0.304 286 205 548 00023 053 -46 254 308 0141 0331 715 oul
179 529 -00017 -0.326 314 157 637 0.0021 0.50 197 197 427 0189 0277 133 3l
244 338 -00022 0185 215 222 453 00026 0.376 043 282 116 0.061 0224 538 e

e R s a5l il i Crelev il Jib oo Colong (oLl i 20

A: Intercept, C-lat: Latitude Coefficient, C-long: Longitude Coefficient, C-elev:

Coefficient of determination, S: Standard deviation

By

o CHat dus 51 50 A

Dlas Ol S (s
Altitude coefficient, R?:
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Table 3. Multivariate analysis of EMC with spatial variables.

S R? C-elev C-long C-lat A ol
1.66 51 -0.0015 -0.129 0.298 11.4 >
1.79 50.2 -0.0017 -0.109 0.339 7.99 oo
2.13 45.2 -0.0023 -0.050 0.355 3.96 el
2.30 436 -0.0024 -0.06 0.366 2.94 303
2.67 38.4 -0.0024 -0.038 0.416 -1.03 S|
2.91 345 0.0029 -0.003 0.31 -0.03 sls
2.93 34 -0.003 0.018 0.233 1.55 B
2.98 38.4 -0.0034 0.003 0.223 3.11 3l 4
3.07 41.7 -0.0037 0.006 0.322 0.3 DA
2.65 44.7 -0.003 -0.035 0.39 0.53 &
1.99 57.9 -0.0023 -0.131 0.436 5.34 ouf
1.40 71.7 -0.002 -0.180 0.37 11.7 3
2.22 45.8 -0.0026 -0.050 0.34 34 <Yl

s a5l i) s o Coelev oLl i Jsb s 5 CHlONg (oLl o 20 s s Crlat e 51 50 A
e 31 Ol S et g R
A: Intercept, C-lat: Latitude Coefficient, C-long: Longitude Coefficient, C-elev: Altitude coefficient,
R2: Coefficient of determination, S: Standard deviation
Jsb o a9 dslas (95 530 slaola 3 sl oL Lo gy a8l 551 sbdde €85 pw)
S5 slas 5ls o 5 5 slacke 3 &S Sl 53wzl | MBE o)Ll jlide oy 508 gl - Ll o
oo slaole 3ol esls Lolantl spr w |y eylel pl e o meS oLl i Jsb o e
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— bl e o de 53 doles 5o Ve alds o3 ol wxils | MBE olel Jlais op zeS
C3s e p (8 ) Sl el polatl 5w |y (/00A) MBE i o 508 gl
53 L st o 508 6 ate 4w dlaly sls 0Lz RMSE )bl L Sl sdd asls 33 sladis
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Table 4. MBE values of estimated EMC using spatial variables.

oI 3l obl & DA 3l 50 I sls = Clgesyl s Ll R ) sles &
oo

0063 0092 008 0067 0042 0023 002 0039 0.056 0.072 0046 0072 5470
e
Jsb

0027 0009 0015 -0.007 -002 0001 0002 0046  -0.028 0012  -0004 003 18114
e
0012 -003L -0001 004 -2881 -0.027 0013 0006  -0.008 -0.04 0031 0023 5438 gl
el
6399 19.668 14.691 0018 0009 0022 0004 -0006  -0.019 3606  -0001 -0.007 -0.016 i
el
0008 0015 -0.016 -0.004 0002 -0.012 0008  0.009 0.013 0004  -0021 -0005 295 s
las
0029 -0005 -0021 -0.024 0004 0002 0014 -0037 0047 0.007 0.02 0026 0015  gldsb
el

0103  -1.007 0001 0009 -0007 -0.010 -0.003 0004  -0.001 0.007 000  -0015 -0.088
¢l sk

d&az&ubh‘}_&w’)l dool> oy Jsls Cugb, palis RMSE -0 Jgu>
Table 5. RMSE values of estimated EMC using spatial variables.

rep\(woe 53l oLl A oses S L5 sl Clgesl s sl e ©$s asles &
o2

2.80 2.16 263 334 3.89 3.70 351 345 3.12 2.81 2.63 220 54.78
=l
Jsb

2.86 212 269 341 3.92 371 352 349 3.23 2.87 171 225 181.28
=l
255 235 276 299 3550 3.02 297 3.05 3.06 2.69 251 233 5448 CUJ)'
7.00 1985 1496 3.32 3.90 3.70 351 345 3.02 455 2.60 2.10 191 Jsb- 20
e
2.18 1.55 2.02 2.60 3.00 291 287 285 2.62 2.26 210 181 4.02 G
o)
2.40 1.76 235 285 3.16 299 295 299 2.90 2.50 234 2.03 1.85 CUJ)'—J,L
e

2.17 1.70 195 259 3.00 291 287 285 2.62 2.25 209 175 1.62
gi-dsb
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Abstract

Background and objectives: Equilibrium moisture content (EMC) is one of the major
indicators in wood sciences that its determination and investigation in the different
locations prevents the losses of wood products quality by meteorological parameters. This
study was conducted to present a mathematical model according to a correlation between
EMC and spatial variables (latitude, longitude and altitude).

Materials and methods: In this study, 93 synoptic and climatology stations during a 26-
year period were selected and then the regression equations of uni- and multi-variable
between EMC and the spatial variables were fitted to the experimental data. The
distribution of stations was suitably selected to cover all the geographical and climatic
zones in the country. The constructed equations were evaluated using determination of
coefficient (R?), root mean square error (RMSE), and mean bias error (MBE). In initial and
second steps, the equations were considered with the highest R? values and the lowest
RMSE values, respectively. Under-estimation and over-estimation of the equations were
determined by negative and positive MBE values, respectively.

Results: Results showed that the offshore and cold climate had more EMC than the central
and arid climates of Iran. The highest EMC was belonged to winter months, initial months
of spring and final months of autumn. Analysis by spatial variables revealed that use of
two-variable equation of latitude-altitude represents better than the uni-variable equations.
However, three-variable analysis showed more exact results compared to uni- and two-
variable equations. A good finding was found in the warm months using three-variable
analysis.

Conclusion: It seems that the suitable solution to investigate EMC with spatial variables was
studying the regional scale, considering the climatic conditions, near and further to water
resources and finally presenting a reasonable model for specific climate of the each area.

Keywords: Wood, Equilibrium moisture content, Spatial variable, Mathematical modeling,
Statistical equations
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