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The intensive use of wood resources is a challenging subject around the world due to urbanization, population growth, and the biodegradability of wooden materials. The study of the climatic conditions and their effects on biotic wood degradation can provide a track of trends of wood decay and decomposition at regional and global scales to predict the upcoming responses. Thus, it yields an overview for decision-makers and managers to create a precise guideline for the protection of wooden structures and prolonged service life of wooden products. This study aimed at investigating the decay hazard in Iran, its decadal changes, and how it is affected by different phases of the El Niño Southern Oscillation (ENSO). Therefore, the risk for fungal decay of wood was estimated based on the Scheffer Climate Index (SCI) at 100 meteorological stations located in Iran, for the period 1987–2019 (separately for first, second, and third decade as decadal analysis). Subsequently, SCI value trends were analyzed using the Mann–Kendall and Sen’s slope method. Finally, the relationship between SCI and climatic parameters (temperature and precipitation) was explored. Generally, the SCI fluctuated between 2 and 75 across the region. The decay risk was ranked as low in most parts, but moderate in the northern part of the country along the Caspian Sea coastlines. Decadal analysis demonstrated that the highest mean SCI values took more place in the third decade (58% of stations) and the lowest mean SCI values in the second decade (71% of stations). Furthermore, the highest and the lowest SCI values occurred at 70 and 66% of stations in El Niño and Neutral phase, respectively. Trend analysis of SCI values showed that large parts of several provinces (i.e., Markazi, Tehran, Alborz, Qazvin, Zanjan, Ardebil, East Azarbayjan, West Azarbayjan, Kurdestan, Kermanshah, and Ilam) exhibited a significantly increasing decay hazard with a mean SCI of 2.9 during the period of 33 years. An analysis of causative factors (climatic parameters) for these changes revealed that all the meteorological stations experienced a significant increase in temperature while the number of days with more than 0.25 mm precipitation increased at some stations but decreased at others. However, in summary, the SCI increased over time. Hence, in this study, the effect of precipitation on SCI was confirmed to be greater than the temperature. Analysis of the results shows that the correlation between the SCI and ENSO was positive in most of the stations. Moreover, the results of spectral coherent analysis of SCI and ENSO in different climates of Iran showed that the maximum values of SCI do not correspond to the maximum values of ENSO and are associated with lag time. Therefore, the extreme values of the SCI values cannot be interpreted solely on the basis of the ENSO.
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INTRODUCTION

Wood is not only an organic and renewable, but also a biodegradable building material. Trees and forests are considered as carbon sequestration entities, which can be better preserved by long-term use of wood products and decreasing deforestation. However, wood is degraded and metabolized by different decay fungi (Suchsland, 2004; Huckfeldt and Schmidt, 2006; Schmidt, 2006; Carll, 2009; Wang et al., 2018; Pawlik et al., 2019). The wood (xylem) of living trees is protected by their bark and different mechanisms are deployed to preserve the cells in living and conducting tissues. Wood in service requires some additional protection to extend the service life since its natural durability is often insufficient for outdoor use when longer service life is desired. A key mechanism to protect wood from wood-destroying fungi and bacteria is to protect it against moisture and other climate parameters. Decay fungi require capillary water in wooden cells for an enzymatic degradation of the cell wall substance at favorable temperatures. Although timber is dried and processed to a lower level of moisture to decelerate the wood decay process and decrease biological attack, it stays hygroscopic and can absorb moisture in form of liquid water and vapor (Suchsland, 2004). In structural uses of wood, precautionary measures of expected exposure to water are estimated based on the periodic, daily, seasonal, or annual fluctuation of environmental variables such as relative humidity, precipitation, and temperature (Tornari et al., 2019). The outdoor exposure of wooden products highly depends on varying temperature, air humidity, and precipitation leading to material-climatic conditions in terms of wood temperature and wood moisture content (MC), and it can be favorable for fungal growth and wood degradation.

In this context, Scheffer used the climate parameters temperature and precipitation for estimation of the site-specific decay potential in above-ground wood structures (Scheffer, 1971). The Scheffer Climate Index (SCI) considers the frequency of precipitation events (greater than 0.25 mm) and the average temperatures above 2°C per month. In a general sense, the lowest temperature for the growth of wood-destroying fungi on most wood species is 2°C (Scheffer, 1971). Wood decay fungi are active only when there is sufficient moisture in the wood for their growth, i.e., usually at a wood MC higher than 25%. Furthermore, low temperatures limit the growth of decay fungi, but are species specific (Lisø et al., 2006). Generally, all wood decay fungi are sensitive to heat but survive and resist at lower temperatures (Sedlbauer, 2001; Lisø et al., 2006). Depending on the species, the optimum temperatures for fungal activity vary between 20 and 40°C (Brischke and Rapp, 2008).

The MC of exposed wood is affected by the duration and temporal distribution of precipitation (Wang et al., 2018). The moisture factor is the average number of days in a month with precipitation (greater than 0.25 mm). In many studies, the SCI was used to quantify the potential risk of wood decay (Setliff, 1986; Lisø et al., 2006; Wang et al., 2007, 2008; Morris et al., 2008; Carll, 2009; Brischke et al., 2011) and it is still the most commonly used index to characterize the site-specific wood decay hazard (Lebow and Highley, 2008; Lebow and Carll, 2010; Morris and Wang, 2011; Momohara et al., 2013; Brischke and Thelandersson, 2014; Fernandez-Golfin et al., 2016; Brischke and Selter, 2020). Beesley et al. (1983) revealed that the SCI in Australia using short-term data (i.e., 10-year period) were not sufficiently correlated with climate variables and suggested utilizing the long-term (more than 30-year period) climatic data for that purpose. Lisø et al. (2006) studied the potential risk of wood decay in Norway, using the present and predicted (future) climate data, and noted an increase in air temperature and SCI for the period 2021–2050, compared with the period 1961–1990. Almås et al. (2011) studies showed that the large current amount of wooden buildings and a high number of building defects indicate that future new and refurbished buildings need to be built more robustly to meet the future impacts of climate change in historical climate data (1960–1990) and future climate scenario (2071–2100). Carll (2009) published a revised hazard map for the United States using climate data from 1971 to 2000. Wang and Morris (2008) created map of North American decay hazard and detected significant expansion of the moderate decay hazard zone, particularly in the interior wet belt of British Columbia, at the southern edge of boreal forest and around the Gulf of St. Lawrence. Moreover, it was highlighted by Carll (2009) that there was a positive shift of 40 and 50 SCI contour lines (the representation of curved line for equal values) compared with the 1970 period, but the 70 and 80 SCI contour lines represented no specific shift. Morris and Wang (2008) demonstrated that changes in the SCI were due to climate changes and the SCI values should be recalculated with updated climate data along with the impact of Pacific Decadal Oscillation (PDO) changes. In decadal climate data, PDO is a common source of variables resembling a horseshoe-shaped sea surface temperature anomaly repetitive design in the central and western regions of the North Pacific and has an impact on surface air temperature, precipitation, and vegetation (Li et al., 2020). Frühwald et al. (2012) concluded that valuable information for service life prediction of timber structures will be gathered from performance-based decay hazard estimation and mapping in Europe. In addition, it is required to investigate and assess annual and large-scale climate teleconnection indices for better understanding the risk of wood decay (Carll, 2009). Teleconnection indices [e.g., El Niño Southern Oscillation (ENSO) and North Atlantic Oscillation] are broadly defined by the long time scale variables either with annual or decadal returning period and persistent pattern of the atmospheric circulation (Ascoli et al., 2017), and they explain the relation between climate anomalies at large distance. Lebow and Carll (2010) claimed that annual changes in the SCI were more than annual alterations in climate variables in humid climates with precipitation of more than 510 mm or with a thermal index of more than 7,000 degrees-day with base temperature of 18.3°C, and an increasing SCI trend was observed over the 40-year period. Fernandez-Golfin et al. (2016) studied the effect of condensation dew and frost on the estimation of decay risk for wood and proposed a modified SCI equation. They suggested that the meteorological variable such as condensation could be a degenerating factor as well, and it should be taken into account in wood decay risk calculation together with precipitation and temperature. In northwest of Iran, a decreasing trend of monthly precipitation in winter and spring and insignificant increasing trend in summer and fall were reported by Asakereh (2017). Also, Asakereh (2020) reported a decrease of precipitation from 385.8 mm (in 1960) to 297.3 mm (in 2010) in northwest of Iran and concluded that the precipitation exhibited insignificant increasing trend in summer and significant decreasing trend in other seasons due to global warming and changing in the path of storm tracks. Using annual Aridity Indices, Mianabadi et al. (2019) explored corn and wheat crops’ seasonal plantation during 50 years in Iran. Their findings showed Aridity Indices between 1966 and 2015 had an annual increasing trend (with decreasing and increasing trend in precipitation and temperature, respectively) in wheat crop seasons (Oct–Jun), while in corn crop seasons (May–Nov), it had a decreasing trend as a result of decreasing trend in precipitation.

Brischke and Selter (2020) showed remarkable differences in wood decay hazard in an extreme topographically divergent region within the Swiss Alps. Several studies proved that teleconnection indices affect hydrological variables such as rainfall (Lee et al., 2018; Ahmadi et al., 2019), drought and dry periods (Ghaedamini et al., 2014; Mohammadrezaei et al., 2020), and climatic variables such as solar radiation, wind speed, and precipitation (Mohammadi and Goudarzi, 2018). On the other hand, climate variables (such as relative humidity) were shown to be positively or negatively affected in current and future periods (Hosseinzadeh Talaee et al., 2012; Willett et al., 2014; Noshadi and Ahani, 2015; Byrne and O’Gorman, 2018; Vicente-Serrano et al., 2018). Most of the research focused only on quantifying and mapping the risk of wood decay whereas its relation with climatic factor changes and teleconnection indices (as the most important factors affecting wood decay) is still not fully understood. The climate factors are influenced by phenomena such as ENSO and a study by Maryanaji et al. (2019) emphasized on the correlation between these indices and frost season characteristics in some parts of Iran. In this regard, the ENSO is a very important teleconnection climate index. In a case study in Indonesia, Boer and Surmaini (2020) examined economic benefits of ENSO information in timely and proper decision-making for rice and crop management. It was found that Southern Oscillation Index (as one of the ENSO indices) might be an effective index to determine the most productive farming time. Helali et al. (2020) demonstrated a significant correlation of the arrival of precipitation systems from the west, southwest, or south of the plateau of Iran with the ENSO indices in some parts of Iran. It was mentioned that the correlation patterns were consistent with the topography and precipitation corridors in the country and the humidity sources were mostly from the northern Indian Ocean (Helali et al., 2020). Hence, in the present study, the effects of the ENSO index on the SCI were investigated. For the first time in the region, the wood decay hazard was mapped and quantified by the SCI and it might be useful as a technical guideline for the application of wood-based materials in the construction sector. Furthermore, the potential future alterations of the SCI should be examined decade-wise. Accordingly, the main objectives of this research were as follows:


1.Modeling the potential risk of wood decay using the SCI and estimating SCI changes by using Mann–Kendall and Sen’s slope tests,

2.Studying the wood decay risk based on SCI in terms of ENSO-based phases, namely, El Niño (EL), La Niña (LN), and Neutral (N), and spectral coherent analysis,

3.Exploring the changes and differences of SCI values in different decades, and

4.Examining the causative factors for different SCI values and the index zoning in Iran.





MATERIALS AND METHODS


Study Area

The area of investigation was the country territory of Iran. Iran is located in the Middle East with an area of about 1,648,000 km2. The country is located within 25°N–45°N and 44°E–64°E (Figure 1). Iran represents different climate regions due to some causative factors (Rahimi et al., 2013) such as the wide region along latitude, the presence of two mountain ranges (the Elburz Chain in the north, the Zagros Chain in the west), and two large deserts (the Lut desert and the Kavir desert) in the middle of the Iranian Plateau, with intensive variation in elevations (from -25 m in the coastal areas of the Caspian Sea to 5,600 m in the central Elburz Chains). Considering the fact that Iran is placed in the arid belt of the northern hemisphere (30–60°N), arid (in deserts) and semi-arid climate (in mountainous areas) mainly dominated across the region (Rahimi et al., 2013).


[image: image]

FIGURE 1. Topographical map of the study area and distribution of synoptic weather stations during the period 1987–2019.




Data and Method of Data Analysis


Climate Data Acquisition and Preprocessing

In climate studies, the required minimum number of years is 30. In this study, an attempt was made to use the latest available data. Therefore, considering the 33-year period of climate data, the maximum spatial coverage of the studied stations is also considered. To calculate the wood decay risk, the monthly mean temperature and precipitation were extracted from 100 Iranian meteorological stations between 1987 and 2019. The homogeneity of the climatic data was tested by Runs Test, and its normality was evaluated against the Kolmogorov–Smirnov test (Gharekhani and Ghahreman, 2010). For the present research, the climatic regions were classified by De Martonne (1926) method (Figure 2) as a common classification method within climatological studies based on the mean annual precipitation (mm) and temperature (°C) of the regions. De Martonne’s climate zones are classified according to the aridity index (AI) values as follows (Croitoru et al., 2013):
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FIGURE 2. Geographical locations and climate zones of studied stations based on De Martonne (1926).
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where P and T stand for the mean annual precipitation (mm) and mean annual temperature (°C), respectively, and the value of AI categorizes the arid zone (AI < 10), semi-arid (10 ≤ AI < 20), Mediterranean (20.0 ≤ AI < 24.0), semi-humid (24.0 ≤ AI < 28.0), humid (28.0 ≤ AI < 35.0), very humid (35.0 ≤ AI ≤ 55.0), and extremely humid zones (AI > 55.0).



Scheffer Climate Index

The SCI is a popular index to characterize the site-specific relative hazard for above-ground wood decay, and it was determined by Eq. 2 according to Scheffer (1971) as follows:

[image: image]

where T denotes the monthly average temperature (°C) and D is the number of days with more than 0.25 mm of rainfall per month. The value ranges of SCI were determined and classified by Scheffer (1971) into three categories: low decay risk condition (less than 35), moderate decay risk (35–65), and high decay risk (more than 65). In this study, the SCI values zoning was performed using ArcGIS version 10.4.



Decadal and El Niño Southern Oscillation-Based Analysis of the Scheffer Climate Index

The ENSO time series datasets are available in https://ggweather.com/enso/oni.htm and plotted in Figure 3. According to Carll (2009), the year-to-year analysis of the SCI might differ from the periodic analysis, so in the first method, the decadal changes over the three periods of 1987–1997 (D1), 1998–2008 (D2), and 2009–2019 (D3) were averaged and their differences were analyzed in pairs (e.g., D1–D2, D1–D3, and D2–D3). Carll (2009) also argued that studies of wood decay risk should be based on patterns or climate teleconnection indices as well. Hence, the mean SCI in different phases of ENSO (EL, LN, and N) were calculated and pair-wise differences (EL-LN, EL-N, and LN-N) were analyzed. For example, Helali et al. (2021) showed that the occurrence of Last Spring Frost and Chilling in Iran in different phases and intensities of ENSO varies from the long-term average. In this study, the average values of wood decay risk based on SCI were calculated.
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FIGURE 3. ENSO monthly time series (red and blue lines indicating El Niño and La Niña phases, respectively).




Trend Analysis

The changes of SCI values over time were analyzed using two different methods, the Mann–Kendall (Mann, 1945; Kendall, 1975) and Sen’s slope (Sen, 1968) test. The Mann-Kendall test is suggested by The World Meteorological Organization for trend analysis of climate variables (WMO, 2004). In time series, intensity of a variable at a time depends on its intensity in the past or in the future, and it is defined as autocorrelation. Autocorrelation increases the probability of significant trend in the time series (Partal and Kahya, 2006; Karmeshu, 2012); therefore, in this research, the autocorrelation effect was eliminated by the pre-whitening approach (von Storch and Navarra, 1999). Then, trend analysis was performed using a Mann–Kendall non-parametric test. This method is robust to outliers (Hirsch et al., 1993; Li et al., 2017) while missing data do not affect its performance. The null hypothesis of the Mann–Kendall test implies that the series are random without any trend, whereas the acceptance of the hypothesis is indicative of a trend in the time series data. First, the difference between each observation is calculated and it is applied by the mathematical sig function (sgn) to extract S parameter as follows (Ali and Abubaker, 2019):
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where n defines the number of time series observations, and xj and xk are data from jth and kth time series, respectively. Second, the variance is calculated using Eq. (5):
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where n is the number of observational data, m is the number of series with redundant data, and t is the frequency of data with the same value. Finally, the Z statistic is obtained by one of the following expressions:
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In a two-dimensional test for time series analysis, the null hypothesis is accepted if the following condition is fulfilled:
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where α denotes the significance level of the test and Zα is the standard normal distribution statistic at the significance level α. If the Z statistic is positive, the time series’ trend is upward (a positive value larger than 1.96 means a significant increasing trend), and if it is negative (a negative value lower than -1.96 indicates a significant decreasing trend), the trend is downward (Li et al., 2017).

Sen’s slope estimator test was utilized to calculate the magnitude of the trend in the SCI time series. It is based on calculation of the median slope for time series to decide whether the slope is reliable at different significance levels or not. This type of test performs better than Mann–Kendall test in time series data with high frequency of duplicated data. To calculate this non-parametric statistical test, the slope between N pair of time series data was obtained by Eq. 8:
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where Xi and Xj represent values data at time j and i, respectively, and N is equal to the number of data pairs. It is calculated by Eq. 9 (n is number of time series data):
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The series of slopes [median (Qmed)] are calculated according to even–odd number of N (Sen, 1968; Gocic and Trajkovic, 2013). In the present study, the median slope of the annual SCI was used to calculate the median slope for a 33-year period. In addition, the Mann–Kendall test significant (greater than +1.96 and less than -1.96) and non-significant (between +1.96 and -1.96) trend zoning was mapped by ArcGIS version 10.4.

Interrelationships Between Scheffer Climate Index With Climate Variables and El Niño Southern Oscillation

The Pearson correlation method was used to investigate the effect of climate variables (mean temperature and frequency of precipitation more than 0.25 mm) on the SCI as follows:
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where x and y represent climate and ENSO variables, y denotes SCI values, [image: image] is the mean of climate variables and ENSO (i.e., mean temperature, precipitation, and ENSO in 30 years), and [image: image]is the mean of SCI values (i.e., mean SCI in 30 years), respectively. Consequently, the correlation coefficient between the SCI and climate variables (mean temperature and frequency of precipitation more than 0.25 mm) was analyzed along with the trend analysis of climate variables using both the Mann–Kendall method and Sen’s slope estimator method. Finally, an attempt was made to investigate the spectral coherent analysis between the SCI and ENSO at all climates of Iran. Spectral coherence measures the linearity between the amplitudes and phases of two variables (Biltoft and Pardyjak, 2009). It calculates the correlation coefficient of frequency dependence. The spectral coherence is calculated by Eq. 11:
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where f denotes the frequency of dependent value and ASE(f) is the value of cross spectrum. The autospectral density value for variable ENSO is defined by |SEE(f)| and for variable SCI is determined by |SSS(f)|. The spectral coherence value is calculated between zero and unity for each frequency meaning no correlation to perfect correlation, respectively.





RESULTS AND DISCUSSION


Spatial Differences of Scheffer Climate Index in Iran

The mean SCI values are shown in Figure 4. None of the stations showed a high decay risk, but a limited number of stations, mainly those stations in the southern shores of the Caspian Sea, had a medium decay risk.
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FIGURE 4. Mean values of SCI for studied stations during the period 1987–2019 (MDR and HDR: moderate and high decay risk base values, respectively).


The mean SCI values (Table 1) in Iran were mapped for the period 1987–2019 (Figure 5). The SCI varied between 2 and 75. The lowest SCI was determined for the south, the southeast, and the central plateau and for some regions in the west of Iran, as expressed through SCI contour lines of 5 and 10. Moreover, the SCI fluctuated between 15 and 25 in the southwest (major parts of Khuzestan, Lorestan, Kohgiloyeh, and Ilam), northwest (north and south parts of West Azarbayjan, East Azarbayjan, Ardebil, the northern parts of Tehran, Alborz, and Qazvin provinces), and northeast (some parts of East Golestan, Northern Khorasan, Northern Razavi Khorasan, and northeast of Semnan). Finally, the northern part of Iran (i.e., Anzali, Astara, Babolsar, Gharakhil, Gorgan, Noshahr, Ramsar, and Rasht) showed SCI values above 35 referring to a moderate decay hazard along the Caspian Sea coast (Table 1). Hence, the decay potential of wood products in most parts of Iran was low, except the north of Iran (Caspian Sea’s coastal areas) that was mostly at moderate risk and partially representing high decay risk.


TABLE 1. The SCI during different decades between 1987 and 2019 at Iranian stations.
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FIGURE 5. Mean SCI values in Iran during the period 1987–2019.




Decadal Scheffer Climate Index Changes

In this section, the SCI was analyzed during three decades (D1, D2, and D3, Figure 6, Table 1). Differences between decades are illustrated in Figure 6 and mapped in Figure 7. The highest mean SCI (the highest obtained values in each region) occurred in 37 stations of D1, 5 stations of D2, and 58 stations of D3. Consequently, the highest mean SCI value occurred more in the D3 period. On the other hand, the lowest mean SCI (the lowest obtained values in each region) in the D1, D2, and D3 included 16, 71, and 13% of the stations, respectively; therefore, the lowest mean SCI value was more persistent in D2 (Figure 8). The investigation of SCI in the stations under study (Table 1) unfolded that, in D1, there was high risk of wood decay only in Anzali and a moderate decay hazard was determined for Astara, Babolsar, Gharakhil, Gorgan, Noshahr, Ramsar, and Rasht, although at other stations a low hazard was estimated. Likewise, the decade D2 represented a similar pattern as D1; however, during D3, Bojnourd and Maku showed moderate decay hazard together with those stations in D1 and D2.
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FIGURE 6. The percentage of stations with highest and lowest SCI value during different decades.
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FIGURE 7. Differences of the SCI during three different decades: (A) D3–D1; (B) D3–D2; and (C) D2–D1.
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FIGURE 8. The percentage of stations with highest and lowest SCI value during different ENSO phases.


A comparison of the SCI values between the three decades (D1, D2, and D3) also showed that the SCI value in the D3 reduced by 5 compared with D1, mostly in the eastern and southeastern sections, the eastern part of the central plateau, the south, and southwest (Figure 7). Besides, a reduction of 10 was observed in small parts of Khuzestan and Razavi Khorasan, while an increase of 5 happened in the west part of the central plateau, east of Yazd, northwest of South Khorasan, Kerman Center, Hamedan, Ilam, Kermanshah, central Kurdestan, and south section of East and West Azarbayjan. Moreover, a decrease of 10 in SCI values was reported in Alborz, Qazvin, Zanjan, Ardabil, and north of West and East Azarbayjan provinces, and an increase of more than 15 occurred in small parts of North Azarbayjan and the whole of North Khorasan provinces. Making an analogy between D3 and D2, it was discovered that SCI values, in most parts of Iran, increased by 5 from D3 to D2 (also, by 10 in northwestern regions and more than 15 in North Khorasan), while in some parts of west of Yazd, east of Isfahan, western part of Razavi Khorasan, and the eastern part of Mazandaran, decreasing values of 5 were observed. Considering the changes from D2 to D1 period, mainly a decrease of 5 to 10 appeared in most of the regions (up to 10 in the southwest and southeast), but an increase of 5 appeared (Figure 7) in some parts of Tehran, west of Semnan, Markazi, Qazvin, Zanjan, Ardebil, and north of West and East Azarbayjan provinces. The diversity in the potential risk of wood decay demonstrated both decreasing and increasing in different decades depending on the various climate and geographical locations within Iran. In this case, various studies in Norway (Lisø et al., 2006), Europe with humid and warm regions (Viitanen et al., 2010), and North America (Morris and Wang, 2008; Carll, 2009) had been conducted and concluded that the variations in the potential risk of wood decay were predominantly increasing and had spatial variations as well.



Scheffer Climate Index Changes During Different El Niño Southern Oscillation Phases

The SCI was determined for three different ENSO phases including EL, LN, and N phases (Table 2 and Figure 8). In addition, SCI differences were evaluated in pairs and mapped in Figure 9. The results showed that the highest mean SCI predominantly occurred during EL phases, comprising 70% of the stations, while in LN and N phases, only 23 and 7% of the stations showed the highest SCI values, respectively, (Table 2). Therefore, most of the studied stations had the highest mean SCI in the EL phase. Aside from that, the lowest mean SCI mainly occurred in N phase (66% of the stations) followed by LN and EL phases, for 32 and 2% of the stations, respectively, (Table 2 and Figure 8). So, in N phase, most of the stations were dominated by the lowest mean SCI.


TABLE 2. SCI values during different ENSO phases.

[image: Table 2]
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FIGURE 9. Differences of the SCI during different ENSO phases.


We compared the SCI during different ENSO phases (Figure 9). In detail, SCI values in EL compared with LN exhibited a growth of 5 (in major regions of the country) and 10 (in Mazandaran, Razavi Khorasan, Khuzestan, and Lorestan), while the SCI decreased up to 5 in some parts of Northern Isfahan, Qom, Markazi, Qazvin, Zangan, Ardebil, East and West Azarbayjan, northwest of South Khorasan, northeast of Semnan, and west of Golestan. The SCI value showed up to 10 points drop in parts of North Khorasan and small parts of West Azarbayjan. Comparison of the EL with N phase revealed the SCI value mostly increased by 5 in all regions, and up to 10 in some parts of North Khorasan, Mazandaran, Kermanshah, Ilam, and Khuzestan, while the SCI values decreasing up to 5 were observed in small sections of Sistan and Golestan. Therefore, the SCI changes from EL to N phase represented 5 to 10 increments. Changes in the SCI from LN to N phase showed an increase of 5 (in central plateau, eastern part, northwest, and west of Iran), 10 (in small parts of West Azarbayjan, Qazvin, Golestan, northeast of Semnan), and more than 15 in North Khorasan. Particularly, there was a decrease of 5 in the SCI in north and west of Khuzestan, central Lorestan, south of Ilam, central part of Gilan, Mazandaran, Razavi Khorasan, and south and southeast of Iran. Therefore, it can be concluded that the changes of SCI from LN to N phase, in different regions, had increasing or decreasing trend up to 15. As it was mentioned earlier in the Introduction, Morris and Wang (2008) emphasized those periodic patterns of teleconnection indices (e.g., PDO) could attribute to the wood decay index. In this study, it was found that changes in the SCI in different phases of ENSO followed a different pattern, so that the highest value of SCI was mainly observed in the El Niño and the lowest in the Neutral phase, and their differences varied in different regions and stations. ENSO influences the climate factors (Maryanaji et al., 2019) and might show a significant correlation with precipitation systems in some regions (Helali et al., 2020). The influence of the ENSO teleconnection patterns also highlighted that the wood decay risk values vary in different phases, with the highest SCI values in the El Niño (70% of the stations) and the lowest value in the Neutral phase (66% of the stations). Using ENSO in three phases and its anticipations also led to more accurate SCI fluctuation predictions in terms of temperature and precipitation. Therefore, precipitation increases and decreases in the El Niño and La Niña phases create a rise and decline in the risk of wood decay, respectively.



Trend Analysis of the Scheffer Climate Index

The trend analysis of the SCI revealed some decreasing or increasing changes in Iran, all over the region. Based on the analysis, the changes of SCI were insignificant in most parts of the country except in the northwest, west, and to some extent in the central regions. According to the results, a significant decreasing trend was only found for a small part of Khuzestan in the southwest of the country, whereas a significant increase of SCI was observed in the wide areas of Markazi, Tehran, Alborz, Qazvin, Zanjan, Ardebil, East and West Azarbayjan, Kurdestan, Kermanshah, and Ilam (Figure 10).
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FIGURE 10. Mann–Kendall (MN) trends and significant (greater than +1.96 and less than −1.96) and non-significant (between +1.96 and −1.96) contours of the SCI in Iran.


Examination of the slope changes of the SCI over the 33-year period also remarked that it varied between -15 and 15 in the study area. The fluctuation rates were recorded between -5 and +5 in the south, central plateau, southwest, northeast, and small parts of Hamedan and Lorestan provinces (in most parts of northwest and west of Iran an increase of 5 up to 10 and a growth of 10 to 15 in the northern parts of Azarbayjan and Alborz). Furthermore, a drop was presented only in parts of Razavi Khorasan and Khuzestan that exceeded 10 (Figure 11). Trend analysis confirmed an increasing trend of SCI in 66% of the stations and a decrease in 34% of them, which was significant only in the northwest, west parts, and to some extent in the central regions, with the variation of -15 to 15 over the 33-year period. Carll (2009) and Morris and Wang (2008) found the increase in the mean SCI by 1.5 and 4.7, in Canada and the United States, respectively, during 30 years (1971–2000). In our study across Iran, the average of 2.9 for SCI with an increasing trend was recorded during 33 years.
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FIGURE 11. Sen’s slope (SS) contours of the SCI in Iran.




The Causative Factors of the Scheffer Climate Index Trend

Since the SCI is subjective to the temperature and amount and distribution of precipitation, it is needed to investigate the relationship between those causative factors and the SCI. Therefore, the trend of changes in temperature, precipitation, and the SCI were explored and correlations of SCI with temperature and precipitation were analyzed according to the climatic zones (Table 3).


TABLE 3. Temperature, precipitation, and SCI trends and SCI Pearson correlation with temperature and precipitation frequency above 0.25 mm.

[image: Table 3]
In arid climates (represented by 47 stations), the mean temperature trend was mainly upward, while precipitation was increasing (significant in Jolfa) and decreasing (significant in Abumusa, Birjand, Kashmar, Kish, Nahabandan, Sabzevar, and Zabul). Also, the trend of SCI was positively increased in the 20 stations (but significant in Abadeh, Doganbadan, Qom, Jolfa, Karaj, Kashan, and Tehran) and negative in 3 stations (but significant in Bushehr, Kish, and Ramhormoz). Based on the trend analysis results, increasing temperature and decreasing number of rainy days caused an increase in SCI. The correlation coefficient values of the SCI regarding precipitation and temperature varied from 0.57 to 0.99 and −0.48 to 0.33, respectively.

In semi-arid climates (i.e., 35 stations), the trend of temperature was increasing and significant as well in all 35 stations, whereas precipitation at 31 stations had a decreasing trend (significant at Torbat H.) and 14 stations marked increasing trend (significant at Maku). Consequently, the trend of SCI at 31 stations were positive (significant in Aligoodarz, Ardebil, Bijar, Qazvin, Kangavar, Khoramdareh, Maku, Maragheh, Mianeh, Urmia, Sanandaj, and Zanjan) and at 4 stations were decreasing (non-significant). Due to increasing trend of temperature and increasing trend of precipitation, an increasing trend of SCI happened in Ahar, Ardebil, Bojnurd, Fassa, Khoramdareh, Khoy, Maku, Mianeh, Urmia, Parsabad, Sarab, Shiraz, Tabriz, and Zanjan. In contrast, decreasing trend of precipitation caused a decreasing trend of SCI in Aligoodarz, Arak, Bijar, Qazvin, Quchan, Golmakan, Hamedan (N), Hamedan (A), Kangavar, Kermanshah, Khoramabad, Mahabad, Maragheh, Mashhad, Safiabad, Sanandaj, Sarpol Zahab, Shahrekord, Takab, and Torbat H. The outcomes showed that the values of correlation coefficient of SCI varied from 0.52 to 0.98 (with precipitation) and from -0.42 to 0.23 (with temperature) with 27 stations in negative and 8 stations in positive values.

In terms of the Mediterranean climate, which was presented in seven stations, the temperature trend increased significantly at all seven stations, while the precipitation trend decreased at five stations (significant in Gonabad) and two other stations had an increasing trend, and thus, the trend of SCI showed a significant increase (without a decreasing trend) at four stations (i.e., Eslamabad, Khalkhal, Ravansar, and Saqez stations). Also, the correlation coefficient values for the SCI with precipitation and temperature ranged from 0.6 to 0.9 and -0.35 to 0.2, respectively. Due to the increasing trend of temperature in all stations, it was observed that the increasing trend of precipitation resulted in an increasing trend of SCI in both Eslamabad and Khalkhal stations. In contrast, in Gonabad, Gorgan, Ravansar, and Saqez stations, a decreasing trend of precipitation led to an increasing trend of SCI. As a consequence, it might be concluded that the trend of SCI has been more influenced by temperature or amount of precipitation than frequency of precipitation greater than 0.25 mm.

The results demonstrated that in semi-humid climates including three stations (Piranshahr, Sardasht, and Gharakhil), all three stations experienced a significant increase in temperature and non-significant precipitation, which caused an increase in the trend of SCI at two stations (Piranshahr and Sardasht). Studies showed that the SCI experienced an increasing trend with increasing temperature and precipitation trend. The correlation coefficient values of SCI with precipitation and temperature were from 0.71 to 0.97 and -0.33 to 0.02, respectively. Therefore, there was no perfect correlation between the SCI and temperature, whereas it was highly correlated with precipitation frequency greater than 0.25 mm. Thus, in the semi-humid climate, the effect of increasing temperature and precipitation, simultaneously, led to an increasing trend of SCI.

The results of trend analysis and correlation coefficient in humid climate suggested that the temperature trend in both stations was increasing, but the precipitation trend in Abali station was increasing and Babolsar was decreasing, which can be attributed by the different topographic and geographical characteristics of the two stations (due to Abali’s height and Babolsar’s adjacency to coastal area). However, the trend of the SCI for both stations was increasing. The correlation coefficient values of SCI with precipitation and temperature varied from 0.70 to 0.96 and 0.03 to 0.44, respectively.

Based on the results in the humid climates of Iran, there was an increasing trend of SCI due to the influence of precipitation, temperature, as well as geographical and topographical characteristics. In very humid climates mainly located in the southern part of the Caspian Sea and coastlines (except for Koohrang), the trend of increasing temperature was significant and precipitation was mainly increasing and non-significant. Therefore, it caused an increasing trend of SCI. In this case, although the increasing trend of precipitation was non-significant, the increasing temperature caused an increase of wood decay risk. The result showed that the correlation of SCI with precipitation and temperature, in very humid climates, ranged between 0.65 to 0.96 and -0.01 to -0.38, respectively. According to our findings, the climate variables that caused the changes in SCI and the precipitation index had a greater impact on this trend, although the study by Lisø et al. (2006) highlighted the temperature rise as the only causative factor for the increase in the SCI.



Correlation of Scheffer Climate Index and El Niño Southern Oscillation

The Pearson correlation between SCI and ENSO is shown in Figure 12. The results revealed that the monthly ENSO was positively correlated with SCI at most of the stations, and minimally there was a negative correlation between them at stations. The significant positive correlation is mainly concentrated in the northeastern, northern, southwestern, and western parts, while no significant negative correlation was observed. Previous studies (Nazemosadat and Cordery, 2000; Helali et al., 2020) showed that rainfall in Iran was correlated with the ENSO phenomenon, where rainfall was above the average during El Niño phases and below the average during La Niña phases. Thus, the ENSO phenomenon is also affecting the decay risk of wood, which is consistent with the findings from this study.
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FIGURE 12. The correlation of SCI and ENSO during different months.




Spectral Coherence Analysis of Scheffer Climate Index and El Niño Southern Oscillation

Due to the large number of stations, spectral coherent analysis was performed on the climate classes (i.e., Arid, Semi-Arid, Mediterranean, Semi Humid, and Very Humid), and their results are presented in Figure 13. According to the results, it is clear that in most of the studied climates, the maximum values of SCI do not correspond to the maximum values of ENSO and are associated with lag time. Therefore, the interpretation of SCI extreme values is not justifiable by only relying on the ENSO values. Since large-scale teleconnection indices (such as ENSO) indirectly affect the climate variables and SCI values, they associate with greater uncertainty. To reduce this uncertainty, the relationship between the SCI and large-scale teleconnection indices and other climatic variables can be analyzed. In studies of station correlation with large-scale teleconnection indices, due to the mismatch of spatial scale between two phenomena, different correlations are observed in surrounding areas; however, microclimatic effects are considered instead (Ghasemi and Khalili, 2008). In the spatial studies, the effect of teleconnection indices (e.g., ENSO) in the whole region or climatic zones was not fully studied yet, and the effect of microclimates and local zones is usually ignored (Helali et al., 2020). Therefore, to investigate the relationship between large-scale teleconnection indices and climatic variables (and SCI), the effect of spatial distribution of meteorological stations and homogeneity and completeness of datasets must be considered. Based on the spectral coherent analysis, the relation between SCI and ENSO in different climates of Iran was not considerable. However, using Pearson analysis showed significant correlations between SCI and ENSO in some parts of the study area. Therefore, the SCI extreme values and their correlations with ENSO indices might not be reliably interpreted by the spectral coherent analysis.
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FIGURE 13. Spectral coherence values of SCI and ENSO in different climates of Iran (Esfahan: Arid; Mashhad: Semi-Arid; Gorgan: Mediterranean; Gharakhil: Semi Humid; Babolsar: Humid; and Anzali: Very Humid).


Our findings showed that predominantly Iran has a low potential for wood decay risk, and this study can be used to define the standard and criteria for deploying wooden material in the construction. In addition, climate change and its oscillation will affect wood quality and wood decay rate. The results also proved that some parts of the country (e.g., north, northwest, west, and northeast) might be more vulnerable to the wood decay risk as a result of climate variable changes during the last 33 years. Therefore, the wood-based construction materials should be cautiously deployed in those parts, and the buildings must be frequently observed based on the decay model in the region. The high-risk wood decay in coastal areas in the north of Iran suggests replacing wooden materials or prolonging wood service life and durability by extra preservative treatments. Consequently, the main parts of Iran had a low-risk potential of wood decay, which can be considered a strategy for revising the use of steel and concrete structures that should be addressed, evaluated, and compared with wood in terms of cost-effectiveness and environmentally friendly materials in future studies. Bayatkashkoli et al. (2008) reported the wood import industry in Iran by 200 million dollars. Bayatkashkoli (2011) outlined that the import rate of wooden products has been intensively increased. Moreover, Mollahassani et al. (2013) showed a 17.1% increase in wood import in a 10-year period (2000–2010) that directly affects the gross domestic product. Then, the results of this study could be used for appropriate decision-making to manage the exploitation of domestic wood production and resources and decrease massive wood imports for the supply market.




CONCLUSION

Wood decay risk is a quantitative measurement affected by various factors and climate variables. Therefore, we aimed to estimate wood decay risk, as well as its changes and its relationship with climate parameters and ENSO’s different phases, in Iran. The results indicated that the mean SCI values fluctuated between 2 and 75 in the entire region of Iran, specifically in the south, southeast, central plateau, and to some extent in the west part (5 to 10), southwest, northwest and northeast (15 to 25), and south coast of the Caspian Sea (more than 35 and 75). The study area was categorized as low decay hazard area, except the small part of Iran adjacent to the Caspian Sea’s coastal areas with moderate and high risk. Decadal SCI analysis showed that the highest SCI values were in the third decade (2009–2019) and the lowest values were in the second decade. Studying of increasing/decreasing trend in the SCI and their triggering factors noted that all stations experienced significant and upward trend in temperature, in different climates of Iran. Meanwhile, the precipitation frequency more than 0.25 mm showed increasing or decreasing trend (according to different stations) and resulted in a significant trend in SCI in some regions. The correlation of SCI with precipitation was more than its correlation with temperature; thus, we could conclude that precipitation had more influence on the changes of SCI than temperature. Therefore, not only mean temperature variables and the frequency of precipitation more than 0.25 mm are accounted for the changes in SCI values but also the temperature limit indicators, relative humidity, equilibrium MC, and the amount of precipitation (both on an annual and monthly basis) must be investigated on the changes of wood decay index. The results of this study indicated that Iran’s climatic and spatial diversity caused various fluctuations in the mean SCI with an average increase of 2.9. It seems that modeling the wood decay risk needs more investigation based on other geographical variables (e.g., altitude) with considering the microclimate region as well as predominant climatic variables (temperature, humidity, and wood response parameters such as equilibrium MC), and it might provide a better insight into the potential wood decay risk, analysis, and its distribution. The result showed that the correlation between SCI and ENSO was mainly positive and in some cases significant. Therefore, increasing and decreasing precipitation in the El Niño and La Niña phases led to an increase and decrease of the wood decay risk, respectively. Due to the impact of climate factors on wood decay along with decadal climate change trends, future studies will be conducted on climate changes, other wood decay indices, and SCI changes based on various climate factors with focus on different topography in the region. From the construction point of view, it would create an extensive research opportunity for wooden structures in the future studies and plans. The prediction of wood decay and its trend based on climatic point of view will be beneficial to determine the durability and persistence of wooden materials in such region and climate. Hence, according to our investigation, the SCI values and expectance of wood decay will be anticipated according to climate phenomena such as ENSO. However, to analyze SCI values, not only ENSO should be considered but also the effect of other large-scale teleconnection indices. Not only the climate change is a threat to wood products but also insect attack and fungi should be considered when recommending wood as a substitute for steel and concrete structures. Therefore, future work will investigate the effect of meteorological factors, condensation, and fungal species using dose-response function in wood decay risk.
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EL: El Nifio; LN: La Nina; and N: Neutral.

Bold: the highest SCI value.
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Station D1 D2 D3 Mean Station D1 D2 D3 Mean

Abadan 11.0 83 99 97 Khalkhal 115 12.8 17.6 14.0
Abadeh 39 25 64 43 Khash 91 34 55 60
Abali 8.3 10.6 142 11.0 Khoramdareh 104 11.3 158 125
Abumusa 89 32 55 58 Khorbiaban 4.8 4.1 32 4.0
Ahar 176 159 23.1 189 Khoramabad 24.7 186 23.8 22.3
Ahwaz 15.8 13.3 141 144 Khoy 16.9 184 24.7 20.0
Aligoodarz 10.3 11.2 142 119 Kish 91 50 42 61
Anar 49 16 36 34 Koohrang 7.0 6.4 121 85
Anzali 66.1 61.9 629 63.6 Mahabad  14.4 13.0 17.1 1438
Arak 9.3 10.6 127 108 Maku 229 266 351 282
Ardebil 129 152 19.9 160 Maraghen 12.1 108 16.3 13.0
Astara 59.5 59.5 64.1 61.0 Mashhad 22.1 17.6 20.0 19.9
Babolsar 44.6 39.7 37.4 406 Masjed S.  23.2 18.1 20.0 204
Bam 43 20 59 41 Mianeh 152 146 22.6 175
Bandar A. 10.8 3.7 60 68 Minab 11.0 50 75 7.8
Bandar L. 80 39 54 58 Nehbandan 6.5 3.7 50 51
Bijar 101 9.8 149 116 Noushahr  58.8 60.5 559 58.4
Birjand 12.3 104 11.0 11.2 Omidieh 17.3 146 158 159
Bojnurd 16.0 12.3 40.8 23.0 Oroomieh  11.4 10.2 17.8 131
Bostan 121 79 126 109 Parsabad  17.9 18.1 23.7 19.9

Boushehr 15.1 10.8 94 11.8 Piranshahr 13.9 134 223 16.5
Boushehr (C) 13.7 11.9 1569 13.8 Ramhormoz 27.2 14.8 141 187
Chahbahar 47 18 15 27 Ramsar 53.9 56.7 64.9 58.5
Dogonbadan 14.7 15.1 19.8 16.5 Rasht 60.4 63.2 58.9 60.8
Esfahan 54 36 71 54 Ravansar  16.6 12.4 19.7 16.2
Esfahan (E) 40 27 &1 39 Sabzevar 20.4 18.3 142 17.6
Eslamabad 128 9.5 16.7 13.0 Safiabad  20.9 13.3 15.7 16.6

Fassa 73 56 81 70 Sagez 11.4 97 13.0 114
Ferdous 75 47 124 82 Sanandaj 131 11.5 167 134
Garmsar 62 62 65 63 Sarab 12.2 124 164 137
Qaen 75 43 73 64 Sarakhs 19.4 169 162 175
Gharakhil 47.8 48.4 474 478 Saravan 49 28 52 43
Qazvin 142 122 21.0 158 Sardasht 13.9 126 21.8 16.1
Qom 82 88 133 1041 Sarpolzon 222 18.6 25.3 22.0

Ghoochan 212 23.3 191 21.2 Semnan 62 76 81 73
Golmakan 20.0 18.6 17.3 18.6 Shahrbabak 3.7 3.1 44 3.7
Gonabad 124 81 10.6 104  Shahrkord 58 3.7 6.6 5.4

Gorgan 414 35.6 359 37.6 Shahroud 75 72 83 7.7
Hamedan (A) 9.7 85 11.7 10.0 Shiraz 102 7.8 111 97
Hamedan (N) 10.2 10.8 11.9 11.0 Siri 86 40 59 61
llam 19.1 13.6 20.7 17.8 Sirjan 59 28 58 48
Iranshah 83 33 57 58 Tabass 49 49 62 53
Jask 73 16 34 441 Tabriz 156 135 19.6 16.2
Jolfa 18.1 20.7 33.8 242 Takab 138 89 139 122
Kangavar 135 10.7 1563 132 Tehran(M) 13.8 140 182 153
Karaj 11.3 14.8 19.2 151 TorbatH. 14.7 11.9 143 137
Kashan 69 62 11.9 83 Yazd 41 47 24 38
Kashmar 12.3 13.0 12.5 143 Zabol 57 17 27 34
Kerman 81 49 6.7 66 Zahedan 43 21 43 36

Kermanshah 16.5 12.4 19.2 16.0 Zanjan 12 09 92 38

D1:1987-1997; D2: 1998-2008; and D3: 2009-2019.

SCI categories: low decay risk condition (less than 35), moderate decay risk (35—
65), and high decay risk (more than 65).

Bold and italic: highest SCI values.
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Arid Abadan 511 -0.06 -1.12 —0.05 0.87 Semi-Arid Ardebil 560 -0.57 297 0.06 0.72
Abadeh 462 060 2.32 -0.20 0.82 Bijar 530 0.89 287 0.00 0.52
Abumusa 329 —-1.96 -0.89 —0.39 0.93 Bojnurd 4.01 0.34  1.09 0.23 0.98
Ahwaz 417 -0.37 -0.99 —0.09 0.94 Fassa 485 -0.83 0.86 -0.18 0.87
Anar 352 —-1.48 -0.21 0.04 0.84 Qazvin 452 -0.18 222 -0.07 0.79
Bam 456 -0.08 0.31 0.11 0.88 Ghoochan 0.47 -0.50 -0.57 —0.14 0.84
Bandar A. 294 —-1.83 -0.86 —0.31 0.91 Golmakan 430 —-1.09 0.37 0.01 0.68
Bandar L. 3.84 —-122 -0.96 —0.44 0.92 Hamedan (A) 4.33 -0.05 1.80 —0.23 0.68
Birjand 3.62 —-255 -044 —0.11 0.77 Hamedan (N) 4.30 —-1.57 0.73 —0.32 0.72
Bostan 540 0.05 0.37 —0.01 0.93 Kangavar 469 076 1.99 —0.02 0.72
Boushehr 394 —-115 -2.35 —0.30 0.96 Kermanshah 3.94 —-0.05 1.83 -0.19 0.70
Boushehr (C)  5.11 0.47 —0.02 -0.19 0.97 Khoramdareh 5.14  1.61 2.71 0.01 0.74
Chahbahar  4.33 0.18 —1.51 -0.22 0.91 Khoramabad 4.20 0.24  0.37 —0.25 0.83
Dogonbadan 4.56 —1.09  2.42 -0.27 0.91 Khoy 414 070 1.70 —0.35 0.87
Esfahan 332 -0.34 0.86 —0.44 0.78 Mahabad 436 -057 122 -0.27 0.71
Esfahan () 2.19 -0.79 1.22 -0.33 0.57 Maku 352 225 245 0.02 0.88
Ferdous 449 —-1.09 1.15 -0.22 0.93 Maragheh 530 —1.77 242 -0.07 0.64
Garmsar 534 —-0.44 0.50 —0.05 0.80 Mashhad 4.88 —1.38 -0.47 —0.07 0.76
Qaen 501 —-1.74 -0.31 0.18 0.75 Masjed S. 3.81 —1.12 -0.02 —0.31 0.97
Qom 449 083 3.10 0.13 0.81 Mianeh 459 0.02 3.26 —0.05 0.75
Iranshah 332 —1.09 -0.60 -0.19 0.93 Urmia 3.81 118 1.99 —0.08 0.83
Jask 284 -0.99 -1.09 —0.40 0.94 Parsabad 274 083 1.88 —0.25 0.93
Jolfa 3.06 2.71 3.78 —0.08 0.89 Safiabad 417 —-1.35 -0.99 —0.42 0.97
Karaj 459 099 328 -0.10 0.84 Sanandaj 511 —-1.86 2.083 —0.05 0.62
Kashan 430 054 225 0.33 0.82 Sarab 3.88 047 148 —0.02 0.81
Kashmar 323 -258 -1.15 —0.11 0.84 Sarpolzoh 465 —-0.99 1.28 —0.20 0.86
Kerman 371 —1.44 0.05 0.09 0.86 Shahrkord 0.06 -0.02 1.57 —0.10 0.67
Khash 365 -—0.47 -0.47 —0.26 0.92 Shiraz 021 —1.64 0.15 -0.13 0.87
Khorbiaban  4.72 —1.18 -0.96 -0.14 0.79 Tabriz 3.06 0.02 125 —0.22 0.91
Kish 449 277 -255 —0.48 0.90 Takab 452 —-112 135 —0.11 0.83
Minab 426 -0.86 -0.70 -0.32 0.94 Torbat H. 3.97 -2.03 0.1 0.00 0.73
Nehbandan 3.91 -2.12 -0.83 0.09 0.91 Zanjan 546 125 251 0.16 0.95
Omidieh 4.98 0.28 —-1.15 -017 0.93 Mediterranean Eslamabad ~ 4.01 0.47 2.71 —0.31 0.75
Ramhormoz  4.85 —-2.16 -3.16 -0.19 0.99 Gonabad 423 —-216 —-1.05 0.01 0.77
Sabzevar 209 -281 -193 -0.13 0.88 Gorgan 326 -0.15 —1.12 —0.20 0.97
Sarakhs 472 002 -1.15 -0.16 0.88 llam 1.70 —-0.31 1.77 —0.26 0.82
Saravan 345 —-0.57 0.44 -0.15 0.81 Khalkhal 553 0.21 2.64 0.04 0.67
Semnan 2.74 -0.37 1.18 —-0.26 0.87 Ravansar 456  0.31 2.74 0.20 0.60
Shahrbabak 2.97 —1.25 0.54 —0.05 0.79 Sagez 456 —1.74 242 —0.35 0.75
Shahroud 274 -099 041 —0.06 0.79 Semi-Humid Gharakhil 391 -024 024 —0.33 0.92
Siri 371 -0.76 -0.57 —0.41 0.94 Piranshahr ~ 5.53  1.51 3.10 0.01 0.74
Sirjan 271 -0.18 -0.78 —0.26 0.90 Sardasht 498 099 328 0.02 0.71
Tabass 439 -0.76 0.92 0.16 0.68 Humid Abali 349 148 342 0.03 0.70
Tehran (M) 2.87  0.11 2.84 -0.12 0.82 Babolsar 417 -0.57 0.18 —0.44 0.95
Yazd 495 —-1.28 -0.76 —0.08 0.87 Very Humid Anzali 4.43  0.31 0.70 —0.20 0.94
Zabol 472 -235 -—-167 0.01 0.93 Astara 410 157 0.79 —-0.17 0.89
Zahedan 345 -034 1.41 —0.09 0.81 Koohrang 3.71 —1.06 4.01 —0.06 0.65
Semi-Arid Ahar 433 -024 170 0.11 0.73 Noushahr 443 034 028 —0.38 0.96
Aligoodarz  3.94 -0.37 2.51 -0.12 0.63 Ramsar 495 128 212 -0.13 0.91
Arak 4.07 -0.41 1.90 -0.22 0.74 Rasht 391 —-118 -0.37 —0.01 0.86

T, Pr, SC, are temperature, frequency of precipitation more than 0.25 mm, and SCI trends, respectively. R (SCI T) and R (SCI P) are correlation coefficients of SCI with
temperate and frequency of precipitation more than 0.25 mm, respectively.





