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ABSTRACT

The authors suggest an approach to analyze the effects of small-scale afforestation on the surrounding

climate of a large heterogenic area. While simple statistics have difficulty identifying the effect, here a well-

known eigenvector technique is used to overcome several specific challenges that result from a limited

research region, complex topography, andmultiple atmospheric circulation patterns. This approach is applied

to investigate the influence of the isolatedYatir forest, at the north edge of Israel’s NegevDesert. It was found

that this forest does influence the daily climate, primarily seen in the main pattern of the empirical orthogonal

function (EOF) of temperature and humidity. The EOF explains 93% and 80%, respectively, of the total

variance in the data. Although the Yatir forest is small, it is significant in regulating the climate in the nearby

surroundings, as it is located in a sharp transition area toward an arid climate. The results are presented as

maps of correlation and regression between the normalized principal component time series of each pattern as

well as other time series of the raw data and spatially interpolated data stations. Analysis of short-term

campaignmeasurements around the Yatir forest supports the EOF results, and shows the forest’s influence to

the south, mainly during nighttime when the forest becomes cooler than its surroundings. Overall, results

suggest that in areas of transition to semiarid climates, forests regulate the surrounding surface air temper-

ature and humidity fields. Wind analysis based on a complex EOF technique reveals the pattern of the daily

cycle of surface wind over the region.

1. Introduction

There is much interest in the impact of land-use

change (LUC) on local climate (Costa and Pires 2010;

Fall et al. 2010a,b; Brovkin et al. 2013; Deng et al.

2013). Numerical simulations using complex models

of the atmosphere have shown that the presence or

absence of vegetation could influence the local cli-

mate of the region in question, for example, Charney

(1975) and Shukla and Mintz (1982). Deforestation

and overgrazing, as studied in the Amazon forest and

the Sahel zone, decrease precipitation and daytime

evapotranspiration and increase average daytime tem-

perature, all because of decreased humidity near the

ground and changes in the energy balance; for example,

see Otterman (1974), Charney (1975), Idso (1980),

Shukla et al. (1990), and Xue and Shukla (1993, 1996).

On the other hand, afforestation processes, studied in

arid areas like the Sahel, modify the energy balance and

accelerate changes of circulation, leading to increased

precipitation (Ortiz et al. 2000; Patricola and Cook 2007;

Davin et al. 2007; Bonan 2008; Cowling et al. 2009).

Studies in central/south Israel on the influence of

LUC on climate have found a decrease of the daytime

temperature amplitude (Alpert and Mandel 1986),

enhancement of convective rainfall due to increased
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air humidity, and the creation of thermals that enhance

convection (Otterman et al. 1990; Ben-Gai et al. 1993).

Previous studies on the climate impact of LUC over

semiarid areas suggest a tight coupling between the at-

mosphere and land surface (Koster et al. 2004). This

coupling is characterized by exceedingly complex non-

linear interactions with extensive degrees of freedom

(modes). Consequently, a challenging task in climate

science is to find ways to reduce the dimensions of the

system and reveal themost important patterns behind the

variations (Thompson and Wallace 1998). Numerical

climate models (Grotch and MacCracken 1991; IPCC

2007; Maraun et al. 2010) are widely used for analyzing

small areas. However, this technique is ineffective for

revealing high-resolution or finescale spatial resolution

of effects (Lluch-Cota et al. 2003). In addition, the

heterogenic distribution of meteorological stations in

such areas makes the analysis more complex. To reveal

the patterns over small research areas, eigentechniques

can be applied to capture most of the variance in the

data in a small number of modes (Venegas et al. 1997;

Venegas 2001). Each of the modes is represented by its

spatial pattern and time series, which are derived from

the eigenvalues and eigenvectors of the covariance

matrix. Using the efficiency of the eigentechniques, we

investigated the impacts of LUC in Israel, caused by

changes in land use in the central-north Negev

(Otterman et al. 1990; Ben-Gai et al. 1993; Sharon and

Angert 1998). This study focused on the Yatir affor-

estation project (Rotenberg and Yakir 2010). Based on

lidar and ceilometers measurements at Yatir, Eder

et al. (2015) showed that there is a secondary air cir-

culation created over the forest that likely changes

surface air temperature and relative humidity values

over the forest relative to the surroundings, thus

providing a mechanistic explanation of the connection

between the two.

Based on studies mentioned above, we hypothesized

that a relatively small-scale afforestation area in a

semiarid region can influence the climate of the sur-

rounding area and the Yatir forest was chosen as a case

study. We evaluate the forest’s contribution to meso-

meteorological cycles and the scope of the impact of the

forest on the local climate. The research was performed

on the basis of data collected in the summer months,

when there is a semipermanent synoptic circulation

pattern that can be isolated, thus enabling us to study the

pattern generated by the forest itself. We used simple

statistics on the stations’ measurements in the area, and

showed the difficulty in identifying clearly the influence

of the dense vegetation, in particular the small-scale

Yatir forest on large research area (see Fig. 2, described

in more detail below). Therefore, we used the statistical

analysis of eigentechniques in the following procedure:

first, using several interpolations on a synthetic database

and interpolation schemes; second, directly on the raw

data stations, producing interpolated correlation and

regression maps (see discussion in the method section).

Eigentechniques were applied to temperature,

humidity, and wind observations on a small scale with

high temporal (1 h) and spatial (;2.5 km) resolution.

Section 2 outlines the method that describes the

summer climatology, dataset collection, and gener-

ation of synthetic maps by several interpolation

methods and briefly introduces the applied methods

of eigentechniques. Spatial and temporal patterns of

temperature and humidity are presented in section 3.

Section 4 summarizes the conclusions.

2. Method

During the summer months, Israel is influenced by

two global synoptic circulation patterns: the subtropical

high that causes regional subsidence over the eastern

Mediterranean with the associated marine inversion

(Alpert et al. 1990), and the Persian trough that in-

fluences the region through dominance of the northwest

winds (Yair and Ziv 1994). Subsidence of the subtropical

air creates a stable atmosphere, leading to the creation

of thermal circulations, such as the nighttime land

breeze and daytime sea breeze along theMediterranean

coast, investigated by Doron and Neumann (1977),

Segal et al. (1985), Lieman and Alpert (1993), and

Alpert and Rabinovich-Hadar (2003). An additional

circulation develops between the coast and the inland

mountains as a result of the topographic gradient

(Fig. 1a): Anabatic winds are created during the day

and enhance the sea breeze. At night a katabatic

westward wind strengthens the land breeze. Another

dominating circulation is the Red Sea trough that

generally creates eastern winds whose strength is

modified by the land and sea breezes.

The research area is a region considerably larger than

the Yatir forest and was chosen to emphasize the ability

of the technique to identify the effects of a small forest

on its surroundings. This region includes various geo-

graphical features, such as mountain slopes, the coastal

plain area, and varying land use (Fig. 1b) and several

patches of forest (indicated by the ellipses in Fig. 1a).

A larger forest is in the north, along the hills toward

Jerusalem, and the smaller Yatir forest is in the south,

at the edge of a rapid transition zone from semiarid

to arid desert. The black box in Fig. 1a shows the re-

search area between longitude 34.68E and 35.228E and

between latitude 31.258N and 31.858N. The research

area is ;3920 km2.
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We used meteorological station data provided by

the Israel Meteorology Service (IMS) as well as data

from the Yatir forest and three sites of campaign

measurements around the Yatir forest provided by the

Department of Earth and Planetary Sciences at the

Weizmann Institute. The Yatir forest data collection is

automatic, with half-hour resolution, and is converted to

hourly resolution to fit the IMS database. The measured

parameters are surface air temperature, relative hu-

midity, and wind at surface level for the months of

August–September 2002–05 in all the stations, with an

additional two stations in the north located in and out of

the forest (numbers 16 and 17) for August–September

2013–16 (Table 1). To support empirical orthogonal

function (EOF) analysis results, campaign measure-

ments during summertime around Yatir forest were

used. Three sites were used, located northeast (c1), west

(c2), and southwest of the forest (c3) (Fig. 1b). Two

consecutive weeks of hourly resolution at each site were

analyzed: in (c1) August 2015, (c2) June 2012, and (c3)

August 2013.

The period August–September was chosen as in this

period it is easier to observe and isolate the regional

circulation (the subtropical ridge creates a marine in-

version, and the Persian trough creates western winds)

and the local circulation (sea and land breeze, anabatic

and katabatic winds). This enabled us to isolate the daily

anomalies due to processes related to land coverage.

Limitedmeteorological stations and their heterogeneous

scattering in complex terrain present difficulties for spatial

analysis and for defining the spatial extent of climate data.

Therefore, spatial interpolation is utilized for building

gridded maps. To provide reliable meteorological fields

(surface air temperature, relative humidity, and wind), we

FIG. 1. (a) The box represents the research area in southern Israel, and the black ellipses indicate twomain patches of forest in the area.

(b) Topography height in the research area based on a digital elevation model (DEM) database. Black dots indicate meteorological

stations. Contours and the color scale represent the topography height (m).
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compare two different interpolation approaches. The first

technique was the combination of linear with the nearest-

neighbor interpolation methods (LNN) where the linear

interpolation uses two grid point values to define a value

of a grid point in between, while the nearest-neighbor

interpolation considers only one grid point, closest to the

interpolated point used, because of a lack of data at the

domain’s edges. The second technique was the kriging

interpolation (Kr), an advanced geostatistical procedure

based on models that include autocorrelation, which

weighs the contribution of the measured point according

to statistical relationships; for more details see Oliver

and Webster (1990) and Cressie (2015). Comparisons

between LNN (Fig. S1 in the online supplementary

material) and Kr (Figs. 3a–c and 4a–c, described in more

detail below) show, in general, the same spatial patterns

for the surface air temperature and relative humidity

variables; however, they showed different directions of

influence on Yatir forest (see discussion in the results

section). We based the analysis on Kr interpolation

procedure for 3-km grid spacing.

Simple statistical techniques (e.g., the spatial mean,

anomaly, and standard deviation) were applied on the

stations’ measurements. They show that for surface air

temperature, the mountain area is characterized with

lowermean (Fig. 2a) and anomaly values (Fig. 2b), while

higher values are observed on the coastline and in the

west slopes of the mountain. The analysis of the relative

humidity (Figs. 2d,e) shows that the coastline was ob-

served with the highest values, while the Yatir forest and

eastern slopes of a mountain had the lowest values

(for further discussion of physical processes, see the

results section). The standard deviation (Fig. 2c) shows

the effect of the forest in moderating the daily cycle of

surface air temperature but over a larger area, which is

not obvious in the observation but is confirmed with the

EOF (Fig. 3). The relative humidity (Fig. 2f) does not

show any effect. These results emphasize the need for a

more complex statistical technique to identify a clear

influence of the density vegetation, in particular of the

small-scale Yatir forest. In the case of eigentechniques it

gives an explanation of the phenomenon, its signifi-

cance, and a unique time series for the pattern.

a. Overview of EOF and complex EOF (CEOF)

The first technique used was the EOF. The technique

is widely applied for the analysis of the spatial and

temporal variability of large multidimensional datasets

and is commonly used in meteorological studies (Lorenz

1956). It can be used to identify and separate the

dominant and the underlying processes and essential

parameters that in our case control the surface air

temperature and relative humidity patterns. Its main

goal is to decompose the parameters of the local climate

region, and present a few patterns for each variable. As a

result, we hope to show the influence of the forest on the

local climate. The following procedure of EOF was

performed separately for the surface air temperature

and the relative humidity. The popular configuration of

the raw data matrix, in atmospheric research, is referred

to as S-mode analysis and represents the pattern’s lo-

cation (EOF) and the time series of the patterns called

principal component (PC). The matrix has the structure

ofM3N, whereM is the space dimensions andN is the

shared sampling dimension. This method was adopted

by Björnsson and Venegas (1997) and von Storch and

Zwiers (1999). EOF analysis is conducted on datasets

where the mean is removed from the measurements; the

covariance matrix F can then be constructed [Eq. (1)] as

F5
1

N
RTR , (1)

where R is the raw data matrix, RT is the transpose

matrix, and N is the number of samples. Then, re-

constructing the raw data R [Eq. (2)] with a new time

series PC and the eigenvectors (EOF),

R(t, x)5 �
allEOFs

PC(t)EOF(x) . (2)

The decomposed patterns are considered empirical

models (EOFs), which are orthogonal to each other in

space and in time (Mestas-Nuñez and Enfield 1999).

TABLE 1. Location of meteorological stations by lat (8N)/lon (8E)
and altitude above mean sea level.

No. Station Lat Lon Alt (m)

1 Revadim 31.77 34.82 90

2 Ashdod 31.83 34.67 10

3 Azrikam 31.75 34.7 30

4 Negba 31.65 34.67 90

5 Lachish 31.6 34.78 125

6 Beer-Sheva 31.25 34.8 280

7 Arad 31.25 35.18 568

8 Yatir 31.33 35.03 650

9 Shany 31.35 35.05 695

10 Jerusalem 31.77 35.22 815

11 Rosh-Tzurim 31.67 35.12 955

12 Netiv H L H 31.68 34.97 285

13 Bet-Gimal 31.72 34.98 360

14 Yavne 31.82 34.72 50

15 Besor 31.27 34.38 106

16 Tzova 31.78 35.12 730

17 Mevo Horon 31.85 35.02 195

c1 Northeast to YF 31.37 35.02 575

c2 East to YF 31.33 34.99 522

c3 Southeast to YF 31.32 34.98 460
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FIG. 2. Spatial interpolation using the Kr method of the meteorological stations (black dots). Surface air temperature (a) mean, (b) spatial

anomaly, and (c) spatial standard deviation. The grid maps were prepared with the Kr procedure for 3-km grid spacing. Topography

(contours) and vegetation (gray). Contours and color bar units are meters and degrees Celsius, respectively. (d)–(f) As in (a)–(c), but for

relative humidity (%).
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The fraction of each kth mode EOFk accounts for a

variance [Eq. (3)] is

s
k
5L

k
=�

n

i51

L
i
3 100, (3)

where L is the eigenvalue value of the kth eigenvector

EOFk.

The second techniquewas CEOF, an extension of EOF

from a scalar field to vector field, which was used for the

wind analysis. Kundu and Allen (1976) introduced this

technique with the intention of studying ocean currents

(Dominguez and Kumar 2005). The CEOFs procedure is

the same as EOF, except from the construction of the

covariance matrix Fcomplex [Eq. (4)] as

F
complex

5
1

N
RR*, (4)

where R* denotes the complex conjugate transpose, and

the Fcomplex matrix is Hermitian, which guarantees that

the eigenvalues are real.

b. Output display

The eigentechnique results were displayed by PCs,

which represent normalized time series oscillations of

the pattern. To find the location of the pattern in the

research region, EOFs are presented as correlation

maps resulting from the correlation between the nor-

malized PC time series of each pattern and all other time

series of the raw data (stations’ or interpolated gridded

data). The study area is characterized by high correla-

tion; therefore, the spectrum of the correlation index is

limited in order to identify the small biases. In addition,

the EOFs are presented as a regression map to in-

vestigate the spatial distribution of amplitude of the

daily cycle.

We used a sequence of methods: first, kriging in-

terpolation, and second, eigentechniques (Kr-Eig). To

verify that there was no ‘‘circular reasoning’’ of the

statistical relationship, the eigentechniques were also

applied directly on the stations’ raw data and then ap-

plying kriging interpolation method (Eig-Kr) (Ha et al.

2014; Nazzal et al. 2015).

The MODIS (MCD12Q1) [Land Processes Distributed

Active Archive Center (LP DAAC) 2003] land cover was

projected to the maps, showing only the relatively dense

vegetation class in the research area (woody and closed

shrubland).

c. Analysis procedure

To show the forest influence, two sets of EOF analyses

were done: the first serves as control (CON) and in-

cludes all the meteorological stations except the Yatir

forest, and the second analysis (YF) includes the Yatir

forest station. Then the difference between YF and

CON analyses was calculated to show the direct influ-

ence of the Yatir forest on the spatial climate and also

the fraction of the total variance.

To support the results of the EOFs analysis, the daily

average differences map between Yatir forest and the

near surroundingmeteorological stations was calculated

for the surface air temperature and relative humidity

(in Figs. 3c and 4c the dashed line represents the ana-

lyzed area). Three of the IMS meteorological stations

(Arad, Beer-Sheva, and Shany) together with three

campaign measurements (c1, c2, and c3) were compared

with the Yatir forest station and used to calculate the

differences over an hourly time step for two consecutive

weeks. Although the measurements were taken in dif-

ferent years, they represent the same summertime sea-

son behavior of this region. Also, no synoptic trend was

observed between those years. We assume homogeneity

over the Yatir forest. Therefore, to calculate the map

differences, six points with zero values were used to

cover the location of the Yatir forest area according to

MODIS’s index of relatively dense vegetation (Fig. 8,

described in more detail below).

3. Results

a. Comparisons between LNN and Kr interpolation
procedures

The main biases between the methods are located

around the edges of the research area.We expect that the

LNN is less accurate along the edges as compared with

the Kr method, since it uses the nearest-neighborhood

(NN) interpolation, which considers only one grid point

as a reference. Another main bias was found in size and

direction of the forest influence, measured by the differ-

ences between YF and the CON analysis (Figs. S1c,f;

Figs. 3c and 4c), which shows a larger area at the Kr in-

terpolation and inconsistent direction of influence with

the LNN. The LNN interpolation shows the impact of

forest area, which extends northwest of the forest, while

Kr interpolation is consistent with observation (Fig. 8,

described in more detail below) and shows influence

south of the forest.

b. Temperature analysis

For the procedureKr-Eig (Eig-Kr), themain pattern of

the surface air temperature field EOF1 at CON and YF

analyses account for 94% (86%) and 93% (86%) of the

variance, respectively (Figs. 3 and 5). The pattern time

series PC1 (Fig. 3g) of CON and YF are intertwined with

each other, where the local maxima are obtained at
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around noon and the local minima around midnight.

This cycle is a result of the energy balance due to daily

solar radiation, with highest intensity every 24h. The

higher-mode EOF3 accounts for 1% (3%) of the vari-

ance for the procedure Kr-Eig (Eig-Kr). Although it

has a low value, it shows a clear pattern of the forest’s

influence on the region (Fig. 6).

c. Humidity analysis

For the procedure Kr-Eig, the main pattern of the

relative humidity field EOF1 at CON and YF analyses

accounts for 81% and 80% of the variance, respectively

(Figs. 4a,b). As in the surface air temperature, the pat-

tern time series PC1 (Fig. 4g) of CON and YF are in-

tertwined with each other. The daytime cycle reaches a

local maximum peak variance after midnight, until

sunrise, when temperatures are lowest, and a local

minimum humidity point around noon.

d. Underlying features in the main pattern

For the procedure Kr-Eig, the surface air temperature

and relative humidity fields show, in the correlation maps

of EOF1 (Figs. 3a,b and 4a,b) for both of the CON and

YF analyses, that most of the research area has a high

correlation with the PC1, following the 24-h cycle of the

daily solar radiation. Within the area of high positive

correlation, underlying features at four different locations

are revealed: coastline, mountain slopes, mountain, and

the forest areas. Where the mountain slope is highest,

values are comparable to the other areas. The regression

maps show the same features and the same hierarchy of

values as the correlation maps, except for the relative

humidity variable, which has a maximum over part of the

mountain area as compared with the correlation maps

that have maximum values in the mountain slopes.

The results shows that the mountain slopes with the

height correlation and linear regression values have the

highest daily amplitude range of surface air temperature

(see stations’ comparison in supplemental Fig. S2). The

daily amplitude range at the coastline area is affected by

the higher humidity, which results in a greenhouse effect

and moderates the minimum temperature at night and

increases the relative humidity. Around midday, the sea

breeze dominates with a northwest wind direction, de-

creasing the maximum temperature and keeping the

highest relative humidity. In the mountain area, clear

nights and lower humidity (as a function of distance

from the sea) lead to greater upward thermal radiation,

which in turn leads to lower minimum surface air tem-

perature and the lowest relative humidity. During the

day, the maximum surface air temperature is lowest

relative to other areas as a result of the cooling sea

breeze (Figs. 7a,b) that flows at a higher altitude, and so

it is less affected by the warming surface. In the south,

Yatir forest is located in the Negev Desert and is influ-

enced by an arid regional climate, as in Beer Sheva

(point 6) and Arad (point 7). However, one should note

that in reality, Yatir forest (point 8) is distinct from its

surrounding region, with a low correlation and linear

regression in relation to its near surroundings.

The third pattern of the surface air temperature (Fig. 6)

represents a time series of the dense vegetation areas.

EOF3 shows mainly positive correlation and linear re-

gression in the Yatir forest and its surroundings. The

factor causing this pattern is vegetation, by moderating

between the day and night and therefore regulating the

arid climate from its immediate surroundings. Because of

its size and its regulating capacity, the clear pattern of the

forests appears only in the third pattern, which represents

small deviations from the average. The pattern reaches a

maximum variance around noon, and a minimum vari-

ance during nighttime, whichmeans that the forest creates

temperature regulation during the hot hours of the day.

The differences between YF and CON analyses both

in surface air temperature and relative humidity show

the impact of forest area, which extends southwest of the

forest (Figs. 3c,f and 4c,f). The adjacent station Shany

(point 9) at the north of the forest determines the north

boundary of the forest’s influence. The same shape

of the forest’s influence structure was observed at the

daily average differences map, where the forest creates

an enclave surrounded with small differences of surface

air temperature (Fig. 8b) and relative humidity (Fig. 8d)

that stretches south of the forest. There are differences

between the two analyses in the forest’s influence

extending to the southwest in the EOF analysis as

compared with the southeast from analyses of difference

maps. This can be related to the results of the new

campaign sites’ measurements west of the forest.

In general, around the enclave to the south, higher

temperature and lower relative humidity is observed.

Regarding relative humidity, the enclave is smaller and

close to the forest size area, meaning the forest’s influ-

ence is more prominent in surface air temperature than

the relative humidity. As the distance from the forest

toward the southeast increases, the surface air temper-

ature and relative humidity increase and decrease, re-

spectively. This relates to the transition of climate from

semiarid to arid conditions. The shapes of the daily av-

erage differences maps are mainly affected by the night

hours when surface air temperature around the forest is

lower than the surroundings and relative humidity is

higher (Figs. 8a,b). The rest of the day is influenced also

from the direction and intensity of the wind that acts on

the surface air temperature and relative humidity, which

limits the forest’s influence.
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Intuitively one would think that the forest’s surface

air temperature at night should be higher, as the

net radiation is higher over the forest than the bare

soil, leading to more observed energy. In contrast,

Rotenberg and Yakir (2010) presented a study on the

radiation budget of a forest in a semiarid area. They

show that, in spite of increased radiation absorption

due to the forest low albedo and small latent heat flux

due to lack of water, such forests develop large sen-

sible heat fluxes, which in turn results in decreasing

surface temperature and reduced thermal radiation

emission.

For the procedure Eig-Kr the same underlying fea-

tures (mentioned above) are observed, where the

mountain slopes have the highest values in the correla-

tion and regression maps, when compared with the

coastline and forest areas (Fig. 5). When compared with

the Kr-Eig procedure, Yatir forest is much more

prominent in the difference between YF and CON.

e. Wind analysis

The two main patterns of the wind field account for

almost 85% of the variance. The first pattern CEOF1

accounts for 73% of the variance and shows the pattern

FIG. 7. Wind analysis: hourly average value of wind direction (8) and speed (km h21) at (a) Yatir and (b) Jerusalem. The main CEOFs

analysis of wind: (c) CEOF1 and (d) CEOF2. The value at each grid point is the complex eigenvector. In (c) and (d), black dots indicate the

meteorological stations, with topography in contours (m).
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of daily average wind vectors, dominated by the intense

western sea breeze. The sea breeze is well developed

around noon. Toward evening, it a clearly shows high

dominant U wind component (east–west), while the

V wind component (north–south) is hardly noticeable

(Fig. 7c). The second pattern CEOF2 accounts for 11%

of the variance (Fig. 7d) and shows wind directions that

are observed after midnight until the early morning.

Two distinct areas are shown in CEOF2: the mountain

area with a western component and the remaining area

including the Yatir forest with weak southeast compo-

nents, which in the observations appears as easterly

winds. The analysis of the results is accompanied by a

comparison with those in Segal et al. (1985), which

evaluated the wind flows during summer in southern

Israel. The results show no influence of the Yatir forest

on the creation of horizontal local wind patterns on the

scale of the research area. Although we concentrate on

the climatological summer season and not the daily

cycle, it is important to note that the direction and

strength of the wind at different times of the day can

change the area influenced by the Yatir forest as was

discussed in the previous section.

4. Conclusions

This study attempts to find the effect of small-scale

dense vegetation such as Yatir forest on the surrounding

local climate, in a large area, using a small number of

meteorological stations. It was shown that merely using

simple statistics makes it hard to identify, from a large

heterogenic area, a clear impact of the small-scale dense

vegetation. Therefore, there is a need for a more com-

plex statistical procedure, such as the eigentechniques,

that can reveal the forest time series pattern and use it to

estimate the spatial influence. Regarding the primary

EOF patterns of surface air temperature and relative

humidity, it is seen that they are all influenced by the

FIG. 8. Daily differences between forest and surroundings: ‘‘out’’ minus ‘‘in’’ of YF for (a),(b) surface air temperature and (c),(d) relative

humidity. In (b) and (d), blue dots set with zero values represent the forest location (gray) based on satellite products of MODIS, black dots

indicate the IMSmeteorological stations, and circled dots represent the campaignmeasurements (c1, c2, and c3). The gridmaps are preformed

with the Kr procedure for 3-km grid spacing. Contour (topography) units are in meters, and the color bar represents the difference.
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diurnal cycle, so that the approximated maximum

or minimum values of the temperature patterns are

obtained around 1200 and 2400 local time. We found

that in cases of different interpolation procedures, LNN

and Kr, on long observation periods, the Yatir forest

creates considerable differences in the local climate and

its surroundings in both temperature and humidity am-

plitude regulation. For the procedure Kr-Eig, the main

pattern EOF1 (YF analysis) of the surface air temper-

ature and relative humidity fields accounts for 93% and

80% of the variance, respectively. The main patterns in

both fields show spatially high correlation with PC1,

with underlying features at four different locations.

Except for the mountain slopes that have the highest

correlation, the coastline, mountain, and Yatir forest

areas have lower correlations and thus a lower daily

amplitude range. The same results were obtained in the

analysis of the regression map, which indicates a strong

linear relationship of daily amplitudemaximum range in

the mountain area when compared with coastline and

north forest and Yatir in the south.

To verify that there was no ‘‘circular reasoning,’’ the

procedures Kr-Eig versus Eig-Kr were examined and

showed that there was no significant difference between

the results, where the same underlying features of the

first pattern were highlighted in both correlation and

regression maps. Yatir forest is prominent in the dif-

ference between YF and CON using Eig-Kr.

The climate in the region is characterized with a sea

breeze during the day that moderates the maximum sur-

face air temperature at the coastline, while in themountain

area it has an important role in reducing the maximum

temperature, as it is less affected by the warm surface. At

night, surface air temperature at the coastline ismoderated

by the humidity that acts as a greenhouse effect. In the

Yatir forest, the development of large sensible heat fluxes

decreases surface air temperature and reduces thermal

radiation emission. The location of the forest is in a tran-

sition area from semiarid to arid conditions and differen-

tiates itself by its source ofmoisture. Those effects of lower

surface temperature and higher relative humidity become

stronger at night when there is no dominant wind, such as

the sea breeze, to limit the forest influence.

The analysis of the differences between YF and CON

in the two procedures Kr-Eig and Eig-Kr yields the area

of the Yatir forest footprint (i.e., the forest’s influence),

both in surface air temperature and relative humidity. It

shows the impact of the forest area that extends south-

west of the forest. A similar shape was observed for the

daily average differences map based on campaign

measurements around the forest, where the forest cre-

ates an enclave surrounded with small differences of

surface air temperature and relative humidity.

The main pattern of wind field in CEOF1 and CEOF2

accounts for almost 85% of the variance and shows the

development of the sea breeze and land breeze, re-

spectively. The Yatir forest does not show an influence on

the creation of horizontal local wind patterns on the scale of

the research area.

The general conclusion is that the relatively dense veg-

etation is the basis for a local climate change; for example,

5km away, in the southern region of the forest center, the

day is cooler by 0.58–18. The expected dry region affores-

tation may affect the surroundings. Hence, if the Yatir

forest expands, so will its influence, assuming that the cli-

mate influence is cumulative. For a higher sensitivity study

and in order to quantify the region of influence and extent

of the changes, there is a need for a larger number of ob-

servations in a more homogeneous regime with further

numerical simulations.
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