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ABSTRACT

The Persian oak, Quercus brantii, trees in the Zagros region of Western Iran have been in decline since 2000. The
decline is assumed to be highly connected with changes in meteorological parameters. Our objectives were to
quantify the long-term trends in meteorological parameters and reference evapotranspiration (ETy) in the Zagros
region and estimate ecohydrological parameters highly affected by climate variability and related to rainfall
interception (I) process (i.e., canopy storage capacity (S), the ratio of mean evaporation rate from the wet canopy
to the mean rainfall intensity (E/R), and the free throughfall coefficient (p)). Long-term (1961-2010) changes in air
temperature (T), precipitation (P), and wind speed (WWS) were obtained from six synoptic meteorological stations
located in the region. Throughfall (TF) was measured using the sixteen rain gauges randomly located underneath
the crown of the five individual trees. P was measured using rain gauges fixed in an open space nearby to the
oak trees . was computed as the difference between P and TF. From 2000 to 2010, meteorological parameters and
ETy changed slightly; T, WS, and ETy increased (+0.6 ‘C, +0.4 m.s?, +0.25 mm.day!, respectively), while P
decreased (-60 mm).When climate patterns between 1961-2010 were analyzed for 6 synoptic weather stations, P
significantly decreased significantly at one station, whereas T significantly increased at two stations and
significantly decreased at another. I was estimated to be 40% and 25% within in-leaf and leaf-less periods,
respectively. During the in-leaf period, the mean values of S, E/R, and p were roughly estimated to be 1 mm, 0.22,
and 0.23, respectively. Our results indicate that the Zagros region is getting warmer and oak trees will
indisputably experience reduction in the available water because of increased evaporative loss.
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INTRODUCTION
Decline/dieback of trees is a condition outbreaks (Mistretta 2002), or human

characterized by episodes of premature, interventions induced influences such as cli-

progressive loss of trees or stand vigor
without clear evidence of physical injury or
attack by a primary disease or pest. Several
biotic and abiotic factors have been considered
important in tree health studies, such as
climate conditions, drought, storms, heat
(Drobyshev et al. 2008; Bolte et al. 2010), insect
damage (Moraal & Hilszczanski 2000), disease

mate change, air pollution and fires (Signell et
al. 2005; Kabrick et al. 2008). Over the last few
years, millions of oak (Quercus spp.) in the
world have been affected by a complex disease
known as oak decline, oak dieback or oak
mortality, depending on the area and the
particular case taken into consideration
(Gonzélez Alonso 2008).
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The tree decline has heavily affected oak
species in many countries e.g., Hungary,
Austria, Slovakia, Turkey as well as Iran
(Himmerli & Stadler 1989; Freer-Smith &
Read 1995; Fiihrer 1998; Thomas & Biittner
1998; Davari & Askari 2005). Determining the
reason for oak trees decline is challenging
because there are numerous interacting factors
that affect oak health (Gonzalez Alonso 2008).
Persian oak,Q. brantii var. persica, in the west
of Iran have been in decline since 2000
(Beyranvand et al. 2016). Iranian forest
managers believe that no single cause is
responsible for the decline of oak trees
(Attarod et al. 2016). Forest degradation,
frequent droughts, overgrazing, suspended
particles and dusts created from adjacent
locations, coupled with changes in
meteorological parameters in recent years, are
assumed to reduce the ability of trees to deal
with environmental stresses. One of the
predominant hypotheses in decline of the oak
trees in Iran is variations in meteorological
parameters in recent years (Attarod et al. 2016).
Research suggest that climatic variability and
climate change may have a significant impact
on hydrological parameters; namely runoff,
evapotranspiration (ET), soil moisture,
interception (I), and ground water (e.g.,
Remrova & Cislerova 2010; Wang et al. 2013;
Murray 2014). The main objectives of our
study were (i) to examine the long-term trends
of the meteorological parameters and
reference evapotranspiration (ETp) in the
Zagros region, and (ii) to estimate
ecohydrological parameters of the individual
Persian oak affected by climate change or
climate variability.

To our knowledge, no studies used
meteorological variables to detect and monitor
the oak trees decline in Iran.

MATERIALS AND METHODS

Study area

The research was conducted in the Zagros
region of Iran.

The region consists of the western and
southern slopes of the Zagros Mountains
range, which extends from the Turkish border
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to the Northwest to the Persian Gulf to the
Southeast (Fig. 1).

In this region, the average annual precipitation
(P) varies between 250 and 800 mm, while the
mean annual air temperature (T) ranges from 9
°C to 25 °C (Fathizadeh et al. 2013).

Rainfall historically occurs during winter and
spring. Summers are hot and dry (mean: 35 °C)
and winters are cool (mean: 7 °C).

Meteorological data and evapotranspiration
equation
Long-term meteorological data (1961-2010)
from six synoptic meteorological stations (Fig.
2 and Table 1) were used to parameterize the
De Martonne Aridity Index, Ipm (Baltas 2007).
We used the FAO Penman-Monteith (PM)
combination equation to calculate daily ETo.
We also used PM method to ETy as the
standard  method  proposed by the
International Commission for Irrigation and
Drainage (ICID) and Food and Agriculture
Organization of the United Nation (FAO).
The PM equation for calculation of the daily
ETo assumes the reference crop
evapotranspiration. The hypothetical crop has
an assumed height of 0.12 m, a surface
resistance of 70 s m? and an albedo of 0.23. It
closely resembles the evaporation from a
green grass of uniform height, actively
growing and adequately watered (Allen et al.
1998):

0.408A(R, G)+y 900 u,(e, e,)
ET, = T+273

A+y(1+0.34u,) )

whereETy (mm day™) is the reference ET; R,
(MJ m~2 day™) is the net radiation at the crop
surface; G (M] m™ day™) is soil heat flux
density; T(°C) is the mean daily air
temperature at a height of 2 m; u, (m s™) is the
wind speed at a height of 2 m; e, (kPa) is
saturation vapor pressure calculated as es=
0.6108 exp [(17.27 T ) / (T+237.3)]; e. (kPa) is
actual vapor pressure computed as e, = (RHx
es) X100, where RH is daily relative humidity
(%); es—eq (kPa) is vapor pressure deficit (VPD);
A (kPa °C™) is the slope of vapor pressure
curve at the daily mean T; and y (kPa °C) is
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the psychometric constant calculated as 0.665x%
10-3xAP; in which AP (kPa) is the atmospheric
pressure. G at the daily scale beneath the grass

reference surface was relatively small and thus

could be ignored in PM combination equation.
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Therefore, G= 0 (M]J m™2 day™) (Goyal 2004;
Maruyama et al. 2004).

To calculate daily ET, we employed daily
mean T, RH, WS at 2 m height and sunshine

hours.
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Fig.1. Location of the Zagros region, west of Iran
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Fig. 2. Positions of the six synoptic meteorological stations in the Zagros region, west of Iran.

Trend test of the meteorological parameters

and ET,

The linear trends in meteorological parameters
of Ta, P, WS, and ETy during the period 1961-

2010 in the Zagros region were evaluated by
the Mann-Kendall (MK) test, which has been
found to be an excellent tool for trend
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detection and extensively used to detect
monotonic trends in series of meteorological
data (e.g., Ludwig et al. 2004; Zhang et al. 2004;
Patra et al. 2012). When the MK statistic (Zumx)
is greater than 196 (based on normal
probability Table), there is a significant
increasing trend (oo = 0.05), whereas negative
Zux values lower than -1.96 show significant
decreasing trends (o = 0.05).

Measurement of rainfall interception (I) and
estimation of ecohydrological parameters
Measurements of P and throughfall (TF) were
conducted at Shurab Forest Park, Khoram-
Abad City (Fig. 2). The field experiment was
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carried out over two months started at
October, 26, 2013 and ended in December, 19,
2013. Five isolated, typical, and mature Q.
brantii trees were selected with similar
morphology features (i.e., tree height, h (7.0
m); diameter at breast height, DBH (30 cm);
crown diameter, Cd (6 m?); crown-projected
area, CPA (40 m?); and leaf area index, LAI,
(2)). LAI was measured using a fish eye camera
(Canon EOS 6D EF 8-15 mm f / 4L) during the
in-leaf season. The standard method of
measuring the CPA is to project the edges of
the crown to a horizontal surface (Levia 2004).
CPA was measured with a clinometer and a
tape.

Table 1. Characteristics of the synoptic meteorological stations located in the Zagros region, west of Iran. Climate

classification was achieved according to the De Martonne Aridity Index (Ipn) after Baltas et al.(2007).

Elevation Climate
i Lat. h) Long. (E 1 R £ logical
Station at. (North) ong. (East) asl (m) DM lassification ange of meteorological data
Piranshahr 36° 42’ 45° 09' 1455 29 Humid 1986-2009
Saghez .
36°15' 46°16' 1523 23 Mediterranean 1961-2009
Khorram Abad 33° 26/ 48°17" 1148 18 Semi-arid 1961-2010
Ramhormoz 31°16' 49° 36/ 150 8 Arid 1987-2010
Yasuj .
30° 50’ 51° 41' 1831 33 Humid 1987-2009
Sad Doroud
ad Loroudzan 550131 52°26' 1620 17 Semi-arid 1988-2010

The crown radius was measured as the
distance from the center of the tree bole to the
edge of the crown. To obtain the best estimate
of mean crown diameter, we used the average
of 4 cardinal directions (N,ES, and W)
(Ahmadi et al. 2009). The canopies of these
trees did not overlap with adjacent trees. P
was collected using five rain-gauges (catch
area, 64 cm? each), in a nearest neighboring
open area. The average of the five rain-gauges
was used to measure P. TF was measured on
an event basis under the isolated crowns of
five Q. brantii trees. For each tree, 16 TF-
gauges (similar rain-gauges) were used, with
four of these gauges placed along four
transects (N, E, S, and W). We computed the

total volume of TF captured underneath each
tree for individual events using the total
number of rain-gauges and the obtained
average volume. SF was not measured, since it
is usually a small fraction of each rain storm
(e.g., Lloyd et al. 1988; Hutjes et al. 1990;
Valente et al. 1997; Licata et al. 2011; Sun et al.
2013). Lastly, I was calculated as the difference
between P and TF. A rain event was defined as
a period of P bounded by 4 hours with no
measurable rainfall as indicted by P rain-
gauges (Fathizadeh et al. 2013). Four hours is
long enough to allow the canopy to dry out
completely in this semi-arid climate (Ipym = 18)
(Carlyle - Moses et al. 2004). We measured the
water collected in the gauges the day
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following each storm. P storms were grouped
into three classes (Fathizadeh et al. 2013): P< 5
mm, 5 mm to P< 10 mm and equal or more
than 10 mm, to allow for a better
understanding of the relationship between P
and I. We used indirect regression methods
that relate TF and P to determine canopy
ecohydrological parameters including canopy
saturation point (P'c), canopy water storage
capacity (S, mm), free throughfall coefficient
(p), the ratio of mean evaporation rate from the
wet canopy to the mean rainfall intensity
(E/R). The amount of P that is necessary to
saturate the canopy before the drip of TF
occurs is defined as P', which is equal to S if p
is zero, and can be estimated subjectively by
finding the inflection point on a graph relating
TF to P for multiple storms (Sadeghi et al. 2014,
2015a, b). In the present study, we used the
mean method (Jackson 1975) for estimation of
S. This method requires two regression lines
relating P (x-axis) and TF (y-axis). The first
regression line (R) fits to storms where P is >
P'c (R1), while a second regression line fits to
storms where P is less than P'c (R»). The
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differences between P and TF at the
intersection point of Ri and R offers the
estimates of S. One minus slope of R; provides
an estimate of E/R and the slope of R, arrange
for an estimate of p.

RESULTS

Trends of meteorological parameters and ET)
During 1961-2010, the mean annual T and P in
the selected stations at the Zagros region were
16.7 °C and 546 mm, respectively. The Ipym in
the Zagros region ranged roughly from 8 (arid
climate) in Ramhormoz to 33 (humid climate)
in Yasuj. Mean Ipy across the meteorological
stations was roughly 17 (semi-dry climate).
Mean annual WS, and ETy were 2.0 m s, and
4.2 mm day, respectively. Table 2 shows the
ETo and WS trends in terms of Zyx statistic
within the long-term period (1961-2010). Three
out of six stations exhibited statistically
significant positive (2 sites increasing) and
negative (1 site decreasing) trends (P < 0.05)
for the annual T, whereas P and ET) indicated
statistically negative trends only in one station
(ZMK =-04 for P; ZMK =-0.2 for ET()).

Table 2. MK statistic (Zyx) obtained through the Mann-Kendall method for the meteorological parameters as

well as reference evapotranspiration (ETo) in the Zagros region of western Iran within the period 1961-2010.

Station Air temperature  Precipitation Wind Reference
(7 (P) speed (WS) evapotranspiration (ETy)
Piranshahr 0.6 01 0.0 0.1
Saghez 0.2 -0.1 01 0.2
Khorram Abad L0.3% 0.1 0.0 0.8
Ramhormoz 0.4** 0.2 0.1 0.2
Yasuj 0.0 0.0 0.1
Sad Doroudzan 0.2 -0.4* 02 03
+ Trend number 4(2) 1(0) 6 (0) 5(0)
-Trend number 2(1) 5() 0 (0) 1()

Meteorological parameters and ETy changed in
recent years (2000 - 2010) relative to the
previous period (1961 - 1999) (Table 3).
Average T at the five synoptic stations
increased by an average of approximately 4%.

P decreased an average of 10% at five of the
six stations in the period 2000-2010 compared
1961 - 1999 whereas WS increased by an
average of 22% at five stations and decreased
by 5% in one station.



378

As a
parameters, mean ET) increased by an average

result of changing meteorological
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of 6.5% at the five stations and decreased by
18% in one station.

Table 3. Changes in meteorological parameters, reference evapotranspiration in the Zagros region, west of Iran,

in the period 2000 - 2010 compared to previous years (before 1999).

Piranshahr Saghez Khorram Abad Ramhormoz Yasuj Dor(s::i an
Z
(1986-2009) (1961-2009)  (1961-2010)  (19872010)  (19872009) oo
Max (-1999) 138 14.1 19.8 294 16.1 184
. Max (2000-
g 2010) 13.9 11.8 18.2 281 16.1 185
o]
- — .
ép Min (-1999) 9.1 8.0 14.4 242 13.4 159
[i: Min (2000-2010) 12.7 10.6 16.7 26.6 14.7 17.5
2 Mean (-1999) 11.8 113 17.1 26.1 15.1 17.5
Mean (2000-
13.1 111 17.3 27 15.3 18
2010)
Max (-1999) 1040 791 771 515 1154 611
E Max (2000-
7 437 12 4
£ 885 560 60 3 93 848
5 Min (-1999) 404 238 237 188 517 300
S Min (2000-2010) 461 275 347 149 294 185
B Mean (-1999) 670.9 4987 515.7 3434 838.6 509.2
(9]
Mean (2000-
& ean ( 639.8 407.0 458.4 285.7 844.4 455.0
2010)
Max (-1999) 4 338 2.7 25 2.0 23
Max (2000-
. 2010) 31 31 2.7 2.7 21 33
8 5 Min (-1999) 18 11 21 17 08 15
S £ Min (2000-2010) 23 24 12 1.1 0.9 14
£ Mean (-1999) 26 23 17 2.0 13 19
Mean (2000- 2.7 28 25 1.9 16 22
2010)
Max (-1999) 45 46 48 7.3 338 47
§  Max (2000-
g Ml 45 40 438 7.6 40 43
g £7 2010)
& & Min (-1999) 31 3.0 33 51 33 37
-
£ § £ Min (2000-2010) 38 35 42 49 34 38
# 2 E Mean (-1999) 338 37 40 6.1 45 41
©
> -
¢ Mean (2000 41 38 45 6.2 37 44
2010)

Interception and ecohydrological parameters
of oak trees

During the study period, 15 rainfall events
were recorded, and cumulative depth of these
P storms was 137.6 mm with individual events
averaging 9.2 mm and ranging from 1.1 to 25.3
mm. The average (+ standard error)
cumulative I for the five trees was 36.8 + 0.2
mm (26.7% of P).

The mean annual event based ratio of I to P

(relative I or I: P) value was 32.7% (SE: 3.8%). I:

P ranged from 15.9% of P for the larger P
events (25.3 mm) to 77.1% of P (1.1 mm) for
smallest P. I: P was strongly correlated with P.
A strong correlation was also observed
between relative interception (I:P)%) and
P[(I:P)% = -0.16 Ln(P)+0.65; R?= 0.64] (Fig. 3).
The mean I:P values in classes of the P< 5 mm,
5 mm to P < 10 mm and equal or more than 10

mm were 47.5%, 303%, and 23.8%,
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respectively (Table 4). I for the 15 events was
32.7% (Table 5). During the measurement
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period, P'c, S, P, and E/R were 4.5 mm, 14
mm, 0.67, and 0.11, respectively.

100
9 |
8§
70 t
60 |
b \ 9
1t
2t
20 t
10}

Percentage of I to P

(I:P)% = -16.07Ln(P) + 64.84

R%=0.64

0 N N

20 25 30

Precipitation (P, mm)

Fig. 3. Regression analyses between relative interception (I:P) and precipitation (P) for individual oak

trees (Q. brantii var. persica). Error bars denote the standard error.

Table 4. Cumulative precipitation (P) depth, the percent of average relative interception (I:P) %, standard error

(SE), and coefficient of variation (CV) divided into three P classes.

P classes Storm frequency Cumulative P (mm) (I:P)% SE (%) Ccv
P<5mm 4 14.1 475 £10.9 459
5<P<10 mm 6 43.9 30.3 £20 16.2
P <10 mm 5 71.0 23.8 +32 30.5
Cumulative 15 128.95

Average (+ SE) 8.60 32.7 (£3.8)

Table 5. A summary of the ecohydrological parameters [(I:P)%, the percent of relative I; P'g, canopy saturation;

S, canopy water storage capacity; p, free throughfall coefficient; and E/R, the ratio of mean evaporation rate from

the wet canopy to the mean rainfall intensity] of individual Persian oak (Q. brantii var. persica) trees.

n (I:P)% P'c, mm S, mm P E/R
15 32.7 14 0.67 0.11
DISCUSSION and ETo, changed  additionally by

Mean annual T increased by 0.6°C from 2000-
2010, coinciding with oak trees decline in the
region. Combined changes in meteorological
parameters increased ETy to 6.5% by average
in five stations. Increase in ETy may have
significant impacts on oak trees and water
resources in the Zagros region. Understanding
the effect of climate change and climate
variability on ETy rate in crucial for water
resources planning. The Ipy also decreased
down to 20.2, demonstrating that the Zagros
region is getting drier and warmer. At five
stations as average, within this period, P, WS,

approximately -60 mm, +0.4 m s?, and +0.25
mm day?, respectively. From 1961 - 2010,
trends in average annual T were statistically
significant in three stations, however, the
trend of P was only significant and negative in
one station. The lack of a significant change in
P is not surprising as several previous studies
have demonstrated that most of the
meteorological stations in Iranian arid and
semi-arid regions had insignificant changes in
annual P from 1966-2005 (Raziei et al. 2005;
Modarres & Silva 2007; Tabari & Talaee 2011).
In the short term, climate variability over the
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period 2000-2010 has resulted in warmer and
drier conditions over much of the region.
Historically, average annual WS in the Zagros
region is 2.0 m s1. After 2000 WS increased by
22% and this would have reduced boundary
layer resistance of the canopy, thereby
increasing water demand.

The increased water demand may result in
increased stomatal resistance as the trees
attempt to conserve water. During the
growing season, the naturally dry and hot
wind results in a greater ET.

The values for (I:P)% obtained in the present
study (32.7%) differed slightly from those
measured for other broadleaved trees in semi-
arid to arid regions during the growing
season. David et al. (2006), for example, in a
study on an evergreen oak (Q. ilex) in
Portugal, estimated I:P to be 21.7%. The
partitioning of P into TF and I in forest
ecosystems has been showed to be a function
of P characteristics (amount, duration,
intensity, and temporal distribution of rainfall
storms (Crockford & Richardson 2000; Xiao et
al. 2000; Marin et al. 2000; Huber & Iroumé
2001; Sadeghi et al. 2014, 2015a, b), climatic
parameters (T, and WS) (Crockford &
Richardson 2000; Attarod et al. 2015), and
vegetation characteristics (e.g., species
composition, stand age, basal area, stand
density, LAI, wood area index (WAI), and
vegetation area index (VAI)) (Xiao et al. 2000;
Carlyle-Moses 2004; Muzylo et al. 2009).
Hence, it is likely that the differences in P
partitioning reported by other researchers
were due, in part, to differences in the
aforementioned parameters. In the present
study, S was estimated to be 1.4 mm. The
estimates of S in the present study fall within
the range reported for other broadleaved trees.
Sadeghi et al. (2015b) reported S in a Fraxinus
rotundifolia forest of Iran, to be 0.24 mm, while
Pereira et al. (2009) determined S to be 1.16
mm for a Q. ilex in Spain and also Fathizadeh
et al. (2013) determined S in a Q. brantii forest
in west of Iran to be 1.57 mm during the leafed
period. The nature of the intercepting surface
controls the magnitude of S (type of species,
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leaf shape, dimension and orientation; see
Friessen et al. 2015). The free throughfall
coefficient, p, was 0.67 in in-leaf season. The
E/R value was estimated to be 0.11 in in-leaf
season, and is consistent with the E/R value
reported for Fraxinus rotundifolia in Iran (E/R=
0.13; Sadeghi et al. 2015b). Hence, the canopy
structure of Q. brantii var. persica significantly
impacts the amount of TF reaching the forest
floor. Therefore, I, canopy ecohydrological
parameters and the magnitude of the P events
all need to be considered in the further water
balance research. The magnitude of P had a
major impact on the partitioning of rainfall
into TF and I for the present study, similar to
other research (e.g., Fathizadeh et al. 2013;
Sadeghi et al. 2014, 2015a, b; Attarod et al.
2015). As the magnitude of P increased, (I:P)%
decreased. For instance, by increasing its value
from P< 5 mm to P <10 mm, ([:P)% decreased
from 47.5% to 28.3% (Table 4). The magnitude
of (I:P)% for small P storms is a result of a
large portion of P being retained on the
canopy, which evaporates during and after the
rainfall. The composition of the species,
ecohydrological and ecophysiological
characteristics of the trees as well as the spatial
distribution of the tree species may be
threatened by changes in meteorological
parameters. Consequently, ecohydrological
parameters of oak trees will be affected by
climatic change in the Zagros region. If there is
a significant reduction in large storms, the
considerable I during the remaining smaller P
events will result in a reduction in the
available ~water because of increased
evaporative loss. Hence, ecohydrological
parameters of oak trees can be highly affected
by climate change or climate variability in the
Zagros region and should be considered in
further water cycles research.

CONCLUSION

This opening research on long-term trends of
meteorological parameters and reference
evapotranspiration in the Zagros region of
western Iran suggests a possible link between
oak trees decline and changes in
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meteorological parameters. We found that the
values for (I:P)% measured in the present
study (32.7%) was higher than those presented
in other broadleaved forests in semi-arid to
arid regions during the growing season. A
decline in larger storm events and an increase
in smaller storm events originated from
climate change in this region will result in
increased percent of precipitation lost to
interception loss in the Zagros region. The
model simulations suggest that this region
may experience a decline in precipitation,
further decreasing water resources.

ACKNOWLEDGEMENT
This research was supported by Iran National
Science Foundation, Research Grant: 92024036.

REFERENCES

Allen, RG, Periera, LS, Raes, D& Smith, M
1998, Crop evapotranspiration: guideline
for computing crop water requirement in:
FAO Irrigation and Drainage Paper, FAO,
Rome, Italy, No. 56. pp. 17-29.

Ahmadi, MT, Attarod, P, Marvi Mohadjer,
MR, Rahmani, Ré& Fathi, ] 2009,
Partitioning rainfall into throughfall,
stemflow, and interception loss in an
oriental beech (Fagus orientalis Lipsky)
forest during the growing season. Turkish
Journal of Agriculture and Forestry, 33: 557 -
568.

Attarod, P, Sadeghi, SMM, Pypker, TG,
Bagheri, H, Bagheri, M & Bayramzadeh, V
2015, Needle-leaved trees impacts on
rainfall interception and canopy storage
capacity in an arid environment. New
Forests, 46: 339-355.

Attarod, P, Rostami, F, Dolatshahi, A, Sadeghi,
SMM, Zahedi Amiri, G & Bayramzadeh,
V 2016, Do changes in meteorological
parameters and evapotranspiration affect
declining oak forests of Iran? Journal of
Forest Science, 62: 553-561.

Baltas, E 2007, Spatial distribution of climatic
indices in northern Greece. Meteorological
Applications, 14:69-78. doi:10.1002/ met.7.

Beyranvand, A, Attarod, P, Tavakoli M &
Marvi - Mohdajer, MR 2016, Zagros forest

381

decline; reasons, consequences, and
solutions. Quarterly Journal of Forest and
Rangeland, 106: 18-29 (In Persian).

Bolte, A, Hilbrig, L, Grundmann, B, Kampf, F,
Brunet, ] & Roloff, A 2010, Climate change
impacts on stand structure and
competitive interactions in a southern
Swedish spruce-beech forest. European
Journal of Forest Research, 129: 261-276.

Carlyle-Moses, DE 2004, Throughfall,
stemflow, and canopy interception loss
fluxes in a semi-arid Sierra Madre oriental
mattoral community. Journal of Arid
Environments, 58: 181-202.

Crockford, RH & Richardson, DP 2000,
Partitioning of rainfall into throughfall,
stemflow, and interception: Effect of forest
type, ground cover and climate.
Hydrological Processes, 14: 2903-2920.

Davari, M & Askari, B 2005, Armillaria mellea
as a cause of oak decline in Hatam-baigh
forest of Iran. Community Agricultural and
Applied Biological Science, 70: 295-304.

David, TS, Gash, JHC, Valente, F, Pereira, ]S,
Ferreira, MI & David, JS 2006, Rainfall
interception by an isolated evergreen oak
tree in a Mediterranean savannah.
Hydrological Processes, 20: 2713-2726.

Levia, DF 2004, Differential winter stemflow
generation under contrasting storm
conditions in a southern New England
broad-leaved deciduous forest.
Hydrological Processes, 18: 1105-1112.

Drobyshev, I, Niklasson, M, Eggertsson, O,
Linderson, H & Sonesson, K 2008,
Influence of annual weather on growth of
pedunculate oak in southern Sweden.
Annals of Forest Science, 65: 512-526.

Fathizadeh, O, Attarod, P, Pypker, TG,
Darvishsefat, AA & Zahedi Amiri, G 2013,
Seasonal variability of rainfall
interception and canopy storage capacity
measured under individual oak (Quercus
brantii) trees in western Iran. Journal of
Agricultural Science and Technology, 15:
164-175.

Freer-Smith, PH & Read, DB 1995, The
relationship between crown condition and



382

soil solution chemistry in oak and Sitka
spruce in England and Wales. Forest
Ecology and Management. 79: 185-196.
Fiihrer, E 1998, Oak decline in Central Europe:
a synopsis of hypotheses. In: McManus M
L, Liebhold A M, (eds): Population
Dynamics, Impacts, and Integrated
Management of Forest Defoliating Insects.
Banska Stiavnica, 18.-23 August 1996.
Radnor, USDA Forest Service, pp. 7-24.
Gonzalez Alonso, C 2008, Analysis of the oak
decline in Spain; La Seca. B.Sc. thesis,
Swedish  University of Agricultural
Sciences, SLU - Uppsala, Sweden, 74p.
Goyal, RK 2004,
evapotranspiration to global warming: a

Sensitivity of

case study of arid zone of Rajasthan
(India). Agricultural Water Management, 69:
1-11.

Hammerli, F & Stadler, B 1989, Eichenschiden
Eine Ubersicht zur Situation in Europa
und in der Schweiz. Schweiz-Erische
Zeitschrift fiir Forstwesen, 140: 357-374
(In German).

Huber, A & Iroumé, A 2001, Variability in
annual rainfall partitioning for different
sites and forest covers in Chile. Journal of
Hydrology, 248: 78-92.

Hutjes, RWA, Wierda, A & Veen, AWL 1990,
Rainfall interception in the Tai
Forest Ivory Coast: application of two
simulation models to a humid tropical
system. Journal of Hydrology, 114: 259-275.

Jackson, 1] 1975, Relationships between rainfall
parameters and interception by tropical
rainforest. Journal of Hydrology, 24: 215-
238.

Kabrick, JM, Dey, DC, Jensen, RG &
Wallendorf, M 2008, The role of
environmental factors in oak decline and
mortality in the Ozark Highlands. Forest
Ecology and Management, 255: 1409-1417.

Licata, JA, Pypker, TG, Weigandt, M,
Unsworth, MH, Gyenge, JE, Fernan-dez,
ME, Schichter, TM, Bond, BJ 2011,
Decreased rainfall interception balances
increased  transpiration in  exotic

ponderosa pine plantations compared

Oak trees decline; a sign of climate...

with native cypress stands in Patagonia,
Argentina. Ecohydrology, 4: 83-93.

Lloyd, C, Gash, JHC, Shuttleworth, WD &
Marques, F 1988, The measurement and
modelling of rainfall interception by
Amazonian rainforest. Agricultural and
Forest Meteorology, 43: 277-294.

Ludwig, W, Serrat, P, Cesmat, L& Esteves, JG
2004, Evaluating the impact of the recent
temperature increase on the hydrology of
the Tet River (Southern France). Journal of
Hydrology, 289: 204-221.

Marin, TC, Bouten, W & Sevink, J 2000, Gross
rainfall and its partitioning into
throughfall, stemflow and evaporation of
intercepted water in four forest
ecosystems in Western Amazonia. Journal
of Hydrology, 237: 40-57

Maruyama, A, Ohba, K, Kurose, Y &
Miyamoto, T 2004, Seasonal variation in
evapotranspiration from mat rush grown
in paddy field. Agricultural Meteorology,
104: 289-301.

Mistretta, PA 2002, Southern forest resource
assessment highlights: managing for
forest health. Journal of Forestry, 100: 24-
27.

Modarres, R & Silva, VPR 2007, Precipitation
trends in arid and semi-arid regions of
Iran. Journal of Arid Environment, 70: 344-
355.

Moraal, LG & Hilszczanski, ] 2000, The oak
buprestid beetle, Agrilus biguttatus (F.)
(Col., Buprestidae), a recent factor in oak
decline in Europe. Journal of Pest Science,
73:134-138.

Murray, SJ 2014, Trends in 20th century global
rainfall interception as simulated by a
dynamic global vegetation model:
implications for global water resources.
Ecohydrology, 7: 102-114.

Mugzylo, A, Llorens, P, Valente, F, Keizer, J],
Domingo, F & Gash, JHC 2009, Review of
rainfall interception modeling. Journal of
Hydrology, 370: 191-206.

Patra, JP, Mishra, A, Singh, R & Raghuwanshi,
NS 2012, Detecting precipitation trends in



Attarod et al.

twentieth century (1871-2006) over Orissa
State, India. Climatic Change, 111: 801-817.

Pereira, FL,, Gash, JHC, David, JS & Valente, F
2009, Evaporation of intercepted rainfall
from isolated evergreen oak trees: do
crowns behave as wet bulbs. Agricultural
and Forest Meteorology, 149: 667-679.

Raziei, T, Arasteh, PD & Saghafian, B 2005,
Annual precipitation trend in arid and
semi-arid region of Iran. ICID 21st
European Regional Conference, pp. 1-8.

Remrova, M & Cislerova, M 2010, Analysis of
climate change effects on evapo-
transpiration in the watershed Uhlifska
and Jizera Mountains. Soil and Water
Research, 5: 28-38.

Sadeghi, SMM, Attarod, P, Pypker, TG &
Dunkerley, D 2014, Is canopy interception
increased in semiarid tree plantations?
Evidence from a field investigation in
Tehran, Iran. Turkish Journal of Agriculture
and Forestry, 8: 792-806.

Sadeghi, SMM, Attarod, P, Van Stan, JT,
Pypker, TG & Dunkerley, D 2015a,
Efficiency of the reformulated Gash's
interception model in semiarid afforestat-
ions. Agricultural and Forest Meteorology,
201: 76-85.

Sadeghi, SMM, Attarod, P & Pypker, TG
2015b, Differences in rainfall interception
during the growing and non-growing
seasons in a Fraxinus rotundifolia
plantation located in a semiarid climate.
Journal — of Agricultural  Science and
Technology, 17: 145-156.

Signell, SA, Abrams, MD, Hovis, JC & Henry,
SW 2005, Impact of multiple fires on stand

383

structure and tree regeneration in central
Appalachian oak forests. Forest Ecology
and Management, 218: 146-158.

Sun, X, Wang, G, Lin, Y, Liu, L & Gao, Y 2013,
Intercepted rainfall in Abies fabriforest
with different-aged stands in
southwestern China. Turkish Journal of
Agriculture and Forestry, 37: 495-504.

Tabari, H & Hosseinzadeh Talaee, P 2011,
Temporal variability of precipitation over
Iran: 1966-2005. Journal of Hydrology, 396:
313-320.

Thomas, FM & Biittner, G 1998, Nutrient
relations in healthy and damaged stands
of mature oak trees on clayey soils: two
case studies in northwestern Germany.
Forest Ecology and Management, 108: 301-
319.

Valente, F, David, JS & Gash, JHC 1997,
Modeling interception loss for two sparse
eucalypt and pine forests in central
Portugal using reformulated Rutter and
Gash analytical models. Journal of
Hydrology, 190: 141-162.

Wang, H, Chen, YLiW & Deng, H 2013, Runoff
responses to climate change in arid region
of northwestern China during 1960-2010.
Chinese Geographical Sciences, 23: 286-300.

Xiao, Q, McPherson, EG, Ustin, S & Grismer,
M 2000, A new approach to modeling tree
rainfall interception. Journal of Geophysical
Research, 105: 173-188.

Zhang, XB, Zwiers, FW & Li, GL 2004, Monte
Carlo experiments on the direction of
trends in extreme values. Journal of
Climate, 17: 1945-1952.



384 Oak trees decline; a sign of climate...

Olnl @€ 50 (oSl (6 23 dS Ol S1 51 il bgly iS50 lg)

f.g ol plpl SSo gL “.p.,o.u» Géélaa ‘H&.g’a o,lkac

U‘)”‘ ‘Q‘)’éf Olia.u.“\) ‘LSL"‘J" @L..A oaSisls ‘Ji..? slazsdl 9 L_S)Lxlik 05;—\
labils” ‘ij ‘)")5.3.) L)WL’ olKiils ‘|b5.l$ PRLRIEY ‘Lg!d-hb (':’L.a f}l.c 09).? -y

QP VI iy g, Q81 YVF il o o)

ous
ool Byl Jlatl 5 oo (St sasay Jlzs Yoo Jlo 31 ol s o o815 agy 4l Slal bshy ooy
G5 g ool Gyl Saejlys Wy, (o) p gl B Bus )0 S92y (cedlll Slayielly i L sy
-ohb] Quercus brantiiy i) bsb s e S5 So5elg,0umsST sla el b 8,910 55 g Lo)S1y 4l 0 a2 pe
5 BIR) Gl cuds eSibo 4y ogboye gy 26 ) ye5ed (Sl o (S) by b ol 6, 2 b (Db
Jgo slos (Vo1 o=V a8Y) el yo ol i .0gs il oo o8l (6 03y yuuis 51 Slie a5 [(P) e 2Lzl o pd 5
gl S 1R (o2 0s90 0S5 (sig) 4ol pelie 0 Wly sunes ol B 50 ead cS ob e g (D)L
3 00lizal b oyl 5o 5 S50 0 Sl gl 255 0 g 15 5o (ol sskas o Eusd sl 18 Lasgs
55 dmbe bzl 5 bl SOl Sl ol b s Seal iy S5 3 (Lo 5o ead e slagiall
0l ey 0l le 4z )3 418 ted) aalidl oS I & @z pe (585 e 5 sonddl gl el (YN B Yee e Lo
VAPY sla b o (oonldl (slagSIlaisls Lis (b =7+ 53,k 2lS b Gy 5o e shoo +0 /T casli o ++/f
99 0 a8 Jb o canlails el gl g ke o] SO jo 5L aS sl Hlis st oK) il ;o VN b
G ol g9 a8 sbo,yge (b o obyohl cwl alily o se alS o] S o g )l pxe ol Les ol
gb 5l s o (s 20 OF ) cudb Sl S 090 Jsb 50 ad b wo s YO 5 Fr s s
4ol a5 ol las gl ol dewlre < IYY 5 +ITY (e o ) a5 A el (5L 20 s 5 OLb Sud 4 il
axlye oy 3o ol Jagad (el b o (o b st dlauly (LS50 5 Sl Gad e S 0 ST s,

s lgat



