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Summary

The temporal and spatial precipitation regime of Iran was
analysed using multivariate analyses of monthly mean
precipitation records for 71 stations. A Principal Compo-
nent Analysis was applied to the correlation matrix in order
to describe the intra-annual variations of precipitation. The
Principal Component scores were mapped to visualize the
spatial structure of the three derived precipitation regimes.
By applying an agglomerative clustering (WARD) of the
three Principal Component scores, five homogeneous
spatial clusters, representing five precipitation regions,
were developed. The intra-annual types of precipitation
distribution, shown by the five clusters, are described and
discussed.

1. Introduction

Because of its low annual precipitation, Iran is
commonly regarded as a country of dry condi-
tions. This is a climatic simplification, however,
precipitation varies over space and time and this
highlights the existence of large diversities of
precipitation over Iran (Fig. 1).

Besides spatial differences, intra-annual varia-
tions of precipitation also occur (Kaviani, 1988).
The complex structure of the precipitation
distribution over Iran derives from the vast area
of the country (about 1,648,000 kmz), its wide
latitudinal extent (25° to 40°N) and its pro-
nounced relief. The two highest mountain
systems, Zagros and the Northern Highlands,

which rise up to 4,557 m and 5,670 m above sea
level, respectively, strikingly affect the temporal
and spatial patterns of precipitation (Ehlers,
1980). Zagros, in the western part of Iran, is
the most elevated mountain range, extending
from North-West to South-East, while the North-
ern Highlands (Talish and Alburz) are West-to-
East-stretching along the southern Caspian Sea.
Both mountain systems are located across the
paths of the prevailing moisture-loaden Wester-
lies and Northerlies. In addition, different atmo-
spheric circulation systems are linked.

In this paper, multivariate statistical analyses
of precipitation records available for Iran are
used to study regional and intra-annual precipita-
tion variability: (1) to identify temporal and
spatial types of precipitation, and (2) to define
homogeneous spatial groups or precipitation
regions, respectively.

2. Data

Monthly precipitation records for a 31-year ob-
servation period (1957-1987) are compiled for
71 stations from the Iranian Meteorological
Organisation. The stations under study are
distributed all over Iran, although their spatial
density is low and uneven over some parts of the
country, see Fig. 2, Table 1.
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Fig. 1. Mean annual totals of precipitation (mm) over Iran,
1957-1987
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Fig. 2. Location of the 71 Iranian meteorological stations
under study

Table 1. Stations under Study with their Latitude, Longitude
(in Decimal Degrees) and Elevation

No. Station Lat., °N Long., °E Elev., m
1 Ghaturchay 45.25 38.85 950
2 Moshiran 47.52 38.70 653
3 Khoy 44.97 38.55 1,107
4  Astara 48.87 38.43 —20
5  Ardebil 48.28 38.25 1,350
6  Tabriz 46.28 38.13 1,364
7  Orumie 45.08 37.53 1,313
8 Osnoor 47.90 37.50 0
9  Baranduzch 45.22 37.48 1,300
10  Anzali 49.47 37.47 —26
11 Rasht 49.60 37.25 -7
12 Gonbadekav  55.17 37.25 150
13 Lahijan 50.00 37.18 -2
14 Miandoab 46.10 36.97 1,314
15 Ramsar 50.67 36.90 -20

Table 1 (continued)

No. Station Lat., °N Long., °E Elev., m
16 Gorgan 54.27 36.85 13
17 Rudbar 49.40 36.80 280
18 Babolsar 52.65 36.72 21
19 Zanjan 48.45 36.68 1,620
20 Noshahr 51.52 36.65 —-20
21 Sarakhs 61.17 36.53 235
22 Bar 58.70 36.48 1,520
23  Ghaemshahr  52.88 36.47 15
24 Shahrud 55.03 36.42 1,345
25 Mashhad 59.63 36.27 990
26 Saghez 46.27 36.25 1,523
27 Ghazvin 50.00 36.25 1,278
28 Sabzevar 57.72 36.20 978
29 Torogh 59.55 36.17 1,300
30 Tehran 51.35 35.70 1,191
31 Sanandaj 47.00 35.33 1,373
32 Varamin 51.65 35.32 1,000
33  Bonkuh 52.42 35.32 0
34  Torbatheda 59.22 35.27 1,451
35 Save 50.35 35.02 1,167
36 Gonabad 58.70 34.35 1,150
37 Kermanshah  47.12 34.32 1,322
38 Arak 49.77 34.10 1,708
39 Borujerd 48.75 33.90 0
40 Khur 55.03 33.78 850
41 Tabas 56.92 33.60 711
42 Khoramabad 48.37 33.48 1,125
43 Anarak 53.67 33.33 1,416
44  Birjand 59.20 32.87 1,491
45 Najafabad 51.37 32.63 1,350
46 Isfahan 51.67 32.62 1,590
47 Polezamank 50.90 32.48 1,860
48 Dezful 48.38 32.40 143
49  Shahrecord 50.85 32.33 1,191
50 Hafttape 48.35 32.08 80
51 Shushtar 48.83 32.05 150
52 Shahreza 51.85 32.02 1,700
53  Yazd 54.40 31.90 1,230
54 Emamgheis 51.35 31.73 2,400
55 Lordegan 50.80 31.52 1,700
56 Hamidie 48.43 31.48 53
57 Ahvaz 48.67 31.33 23
58 Zabol 61.48 31.22 489
59 Hanna 51.75 31.13 2,362
60 Abadan 48.25 30.37 7
61 Kerman 56.97 30.25 1,754
62 Ahmadabad 52.45 30.20 1,800
63  Shiraz 52.60 29.55 1,491
64 Zahedan 60.88 29.47 1,370
65 Shabankare 51.10 29.33 120
66 Bam 58.35 29.10 1,067
67 Bushehr 50.83 28.98 20
68 Fasa 53.72 28.90 1,288
69 Darab 54.53 28.75 1,150
70  Tashkuye 55.55 28.07 750
71 Bandarabba 56.37 27.22 10
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3. Methods

To study the regional and intra-annual precipita-
tion variability over Iran, two multivariate
statistical analyses are used which are usually
applied together (Leber et al., 1995; McGregor,
1993; Mills, 1995).

3.1 Principal Component Analysis

Principal Component Analysis (PCA) is a useful
and widely applied tool in climatology: A large
data matrix can be reduced to some important
factors (Principal Components, PCs) which often
can be physically interpreted. PCA can be used
in climate change studies in order to detect recent
changes while performing time series analyses,
and also for ordinary data reduction of a large
data matrix (Schaefer, 1996). After having
decided which variables are to be analysed and
the standardisation of the values, the correlation
matrix is built. PCA is often performed with a
correlation matrix. Therefore, the Kaiser-Meyer-
Olkin measure of sampling adequacy (MSA) can
be computed for a decision whether the correla-
tion matrix is suitable for PCA. The MSA values
in the anti-image correlation matrix can be
interpreted as follows and therefore also the
suitability of the variables for PCA (Backhaus et
al., 1994):

MSA>0.9: “marvelous”,
MSA>0.8: ‘“meritorious’’,
MSA>0.7: “middling”,
MSA>0.6: “mediocre”,
MSA>0.5: “miserable”
MSA<0.5: “unacceptable”.

The number of the extracted PCs is determined
by applying the Kaiser criterion. Accordingly all
PCs with eigenvalues >1 are extracted. Addi-
tionally, a scree-plot can be drawn for a visual
check of the number of PCs to be extracted. To
improve the interpretation of the unrotated PCA
results the PCs are rotated using the orthogonal
VARIMAX rotation (Bortz, 1993). This rotation
method is common where a Cluster Analysis is to
follow PCA because the PCs are uncorrelated
and the assumptions of the Cluster Analysis are
satisfied (McGregor, 1993). The standardized
PC scores are calculated using the regression
method.

3.2 Cluster Analysis

For the spatial classification of precipitation over
Iran an agglomerative hierarchical Cluster Anal-
ysis (CA) was applied, using the Ward algo-
rithm. As the variables must not be correlated
with each other, PCA is usually prefixed (Back-
haus et al., 1994). In a first stage, the squared
Euclidian distance is calculated, based on the
extracted orthogonal PC scores from the PCA.
This is a similarity function which is often
combined with the Ward clustering method
(McGregor, 1993).

In a second stage the clusters are formed.
There are different but not fully satisfactory
methods for determining the number of clusters;
the decision is up to the individual. However, the
definition of the number of clusters or regions
can be supported by analysing the Dendrogram
or the Agglomeration schedule. Additionally, a
graphical test, the Elbow criterion can be
applied: The coefficients from the Agglomera-
tion schedule and the number of clusters are
drawn in a line chart and can be interpreted
visually (Backhaus et al., 1994). In practice, it is
useful to compare the results of different
solutions of the cluster membership and to find
out the most appropriate solution for the
respective question formulation.

The homogeneity of the derived clusters can
be studied with analysis of variance and the
computed ETA? values. ETA? is the ratio of the
variance between groups to the total variance and
describes the explained variance (Backhaus,
1994). The ETA® values can be interpreted
as the values of the explained variance (rz)
derived from the analysis of correlation: If the
computed ETA? values for the variables are high,
the corresponding clusters can be considered
homogeneous.

4. Results and Discussion

4.1 Principal Components and the Spatial
Distribution of the Scores

In order to analyse the orthogonal structure of
monthly mean precipitation a PCA is performed
with the data matrix (71%12): 71 cases which
correspond to the number of stations, and 12
variables, corresponding to the 12 months of the
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Table 2. Eigenvalues, Explained Variance and Cumulative
Variance Corresponding to the Complete Solution of 12 PCs
Derived from the Correlation Matrix of Monthly Precipita-
tion Data of 71 Iranian Stations

PC Eigenvalue % of % of Cumulative
Variance Variance
1 9.01261 75.1 75.1
2 1.41066 11.8 86.9
3 1.08053 9.0 95.9
4 0.15879 1.3 97.2
5 0.14418 1.2 98.4
6 0.06400 0.5 98.9
7 0.04679 0.4 99.3
8 0.03394 0.3 99.6
9 0.02856 0.2 99.8
10 0.01090 0.1 99.9
11 0.00597 0.0 100.0
12 0.00308 0.0 100.0

year. After standardisation and calculation of the
correlation matrix the Kaiser-Meyer-Olkin mea-
sure of sampling adequacy (MSA) is computed
showing MSA-values >0.8 except for April and
May (0.71 and 0.79, respectively). The correlation
matrix can, however, be applied for a PCA.
The initial statistics are then computed (see
Table 2).

According to the Kaiser criterion and the
Scree plot (not shown) three PCs are extracted
which explain 75.1% of the total variance for the
first, 11.8% for the second and 9.0% for the third
PC, respectively. Thus, the first three PCs
account for 95.9% of the total variance. The
communalities of all the variables in the analysis
are >0.9.

The PC loadings must be analysed in order to
interpret the PCA results. High loadings (>0.7)
indicate good correlations between the variables
and the PCs. After the VARIMAX rotation the
first three PCs show high loadings (>0.7) for
June—-November, December—March and April-
May, respectively (Table 3). For March, Novem-
ber and December, relatively high PC loadings
can be observed for several of the PCs, showing a
transitional character for these months which
occur between the seasons. Thus the PC loadings
of the monthly mean precipitation totals repro-
duce three main types of intra-annual variation of
precipitation over Iran:

e First Principal Component (PC1): Summer
precipitation type (June—November)

Table 3. VARIMAX Rotated PC Loadings Derived from the
Correlation Matrix of Monthly Precipitation Data of 71
Iranian Stations

PCl1 PC2 PC3
January .30666 92161 .12359
February 40520 .82507 31957
March .37493 70368 55164
April .03107 35722 91176
May 43889 .05557 87727
June 190100 15369 .34380
July .89262 .35583 .18998
August .89102 41276 13201
September .88455 .39457 .13893
October .87100 42933 .18852
November 74889 57402 .24309
December .54330 79344 16712

e Second Principal Component (PC2): Winter
precipitation type (December—March)

e Third Principal Component (PC3): Spring
precipitation type (April-May)

The computed PC scores are mapped to
identify the spatial distribution of the PCs.
Kriging is used to create a regularly spaced grid
(0.5%0.5°) based on the irregularly spaced stations
in the study area (Burrough and McDonnell,
1998). Thereafter, isolines are drawn to demon-
strate the spatial structure of the computed PCs.
Due to standardisation, the mean of the PC
scores is 0, and the standard deviation 1.

PC1 which explains 44.9% of the total
variance (after the VARIMAX rotation) indicates
a summer peak of precipitation and loads heavily
from June to November. Over large parts of
Iran the PCl-score values are slightly negative
(about —1), while, on the other hand, positive
PCl-scores occur over smaller parts (Fig. 3a).
High positive PC1-scores, expressing large totals
of precipitation in summer, are clearly estab-
lished over northern parts of Iran. The highest
(3.81) PCl-score value observed at Anzali
describes the largest total of summer precipita-
tion showing a standard deviation about four
times higher than the mean summer precipitation
over Iran. The southwest corner of the Caspian
Sea experiences the highest values due to the
occurrence of (northeastern) local sea breezes
that are moisture-loaden from the Caspian Sea.
The PC1-scores have negative values (about —1)
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Fig. 3a, b, c. Spatial distribution of VARIMAX rotated PC-
scores (PC1: 3a, PC2: 3b, PC3: 3c¢)

over most of the western and southern parts of
Iran indicating low summer precipitation totals.
The lowest total is observed at Emamgheis
(—1.54).

PC2 which accounts for 31.5% of the total
variance (after the VARIMAX rotation), loads
heavily from December to March. Two regions in
Iran experience high winter precipitation: Zagros
Highlands and the southwest corner of the
Caspian Sea (Fig. 3b). During this season two
main reasons for precipitation are worth men-
tioning: (1) Depressions, with their origin over
the Mediterranean Basin leading to precipitation,
especially at Zagros. (2) The high-pressure
centre over Asia that leads to easterlies and
northeasterlies. Consequently the southeastern
part of Caspian Sea receives its highest pre-
cipitation in winter. The highest PC2-score is
experienced at Anzali (3.01) indicating the
highest winter precipitation while the lowest is
at Khoy (—1.89). Apart from the above men-
tioned two areas with high positive values, the
PC2-scores are negative (about —1) in all other
parts of Iran, indicating low winter totals of
precipitation.

PC3 which explains 19.5% of the total
variance (after the VARIMAX rotation), loads
heavily from April to May. High PC3 scores are
observed over the northern and northwestern
parts of Iran (Fig. 3c). The cyclonic activity that
occurs during winter is reduced in spring.
Furthermore, the strong High over Asia in winter
tends to weaken. Consequently, precipitation
along the Caspian Sea coast decreases (compared
to winter). On the other hand, temperatures rise
rapidly in spring, and convectional rainfall may
frequently occur because of intense heating of
the surface. The highest PC3-score (2.42), reflect-
ing the highest spring precipitation, occurs at
Saghez, and the lowest (—1.64) at Busher. All
other regions experience low spring precipita-
tion. The difference between the highest and
lowest PC3-scores is small indicating a compar-
ably low spatial variability for spring precipita-
tion.

4.2 Classification of Homogeneous
Precipitation Regions

On the basis of a hierarchical clustering of the
three PC scores from all 71 stations in the study,
different solutions of the cluster membership
were analysed. The coefficient in the Agglom-
eration Schedule increases strongly from a four
to a five cluster solution which indicates
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Fig. 4. The five Iranian precipitation regions deduced after
the WARD clustering method applied to the VARIMAX
rotated PC-scores

remarkable differences between the clusters. As a
result, and by interpretation of the Dendrogram
and the Elbow criterion (not shown), five clusters
or homogeneous precipitation regions are identi-
fied, respectively (Fig. 4). This solution seems to
be the most appropriate result. Descriptive
statistics (mean, standard deviation) are calcu-
lated for all clusters in order to describe the intra-
annual variation of precipitation (Table 4, Fig. 5).
In addition the ETA? values derived from the
analysis of variance are given in Table 4. The
ETA? values for the variables vary between 0.69
and 0.92. Therefore the explained variances vary
between 69 and 92% underlining the homogene-
ity of the separate regions (Table 4). The mean
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values for All-Iran were also computed to allow a
comparison with the cluster means.

Cluster 1, comprising 13 stations, is located in
the northwestern part of Iran and the eastern
section on the shore of the southern Caspian Sea.
This area experiences a mean annual precipita-
tion total of 379 mm with a relatively high
standard deviation of 163 mm. Under the strong
influence of the mid-latitude Westerlies, a great
number of depressions lead to high winter
precipitation, though its maximum (about
50 mm) occurs in spring (April and May). While
cyclonic activity declines during spring, depres-
sions migrating to the Northeast are blocked by
high pressure centres over the Caspian Sea
resulting in high precipitation totals in the area
of Cluster 1. In addition, a great atmospheric
instability derives from the rise of temperature
over the whole of Iran producing heavy convec-
tional rainfall which is sometimes even asso-
ciated with hailstorms.

Cluster 2, comprising seven stations, is devel-
oped along the Caspian Sea shores of Iran. This
cluster experiences the highest mean annual
precipitation of 1,331 mm. Precipitation totals
are comparably high showing a relatively homo-
geneous distribution throughout the year. The
lowest totals occur in June and July (with 49 and
32 mm, respectively), and the highest in Septem-
ber, October and November, with 165, 250 and
183 mm, respectively. As the main causes of
heavy precipitation in the Caspian Sea area in
September, October and November both the
formation and establishment of the Asian High

Table 4. Mean Precipitation Values, Standard Deviation (Std dev) and ETA? for the five Clusters (of Fig. 4) and the All-Iran

Mean; Values given in mm

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year
Cluster I  Mean 35 33 48 52 47 20 7 9 15 38 40 33 379
Std dev 18 18 19 10 9 11 8 14 20 26 18 21 163
Cluster 2 Mean 118 106 101 55 50 49 32 78 165 250 183 143 1,331
Std dev 33 22 19 19 14 14 7 18 53 61 56 42 285
Cluster 3 Mean 64 56 63 60 31 2 1 1 1 18 39 53 388
Std dev 33 22 17 16 13 3 1 1 1 8 16 18 106
Cluster 4 Mean 23 19 22 21 10 1 0 0 1 5 10 16 130
Std dev 8 7 9 9 6 1 0 1 1 4 6 8 51
Cluster 5 Mean 67 41 38 21 6 0 1 1 0 5 23 46 249
Std dev 21 12 16 9 3 1 2 1 0 3 12 17 72

ETA? 069 071 071 0.69 079 085 085 0.89 0.89 092 0.85 0.77 0.88
All-Iran Mean 53 43 48 39 25 10 5 10 19 38 42 46 379
Std dev 34 29 28 21 9 16 10 24 52 75 53 40 357
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and a thermal depression over the Caspian Sea
must be considered. The pressure gradients lead
to Easterlies and Northeasterlies that become
moisture-loaden when crossing the Caspian Sea.
The peak of precipitation is, therefore, observed
in the southwestern part of the coastal stretches
of the Caspian Sea. Another reason for the
precipitation maximum from September to
November is the northern track of very strong

Jon Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 5. Annual variation of pre-
cipitation for the five clusters (of
Fig. 4) and the All-Iran mean

cyclonic activity, which is far greater than the
activity over the southern track, also needs to be
considered.

Cluster 3, comprising 17 stations, is estab-
lished over the western part of Zagros and the
north-eastern part of Iran. The mean annual
precipitation total accounts for 388 mm which is
comparable to Cluster 1. However, this cluster
shows fairly homogeneous precipitation, expres-
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sed by lower standard deviations and a different
intra-annual variation of precipitation. This
cluster is characterized by most precipitation
occurring in winter and originating from Medi-
terranean depressions that reach Iran far from the
west. Further to the East, cyclonic activity and
precipitation totals decrease.

Cluster 4, being the biggest and comprised of
20 stations, covers the whole central Desert
Basin of Iran, including the southern part of
Albors and an area of Zagros. Mean annual
precipitation is very low (130 mm), due to the
well-developed Lee-effect in the east of Zagros,
causing decreasing precipitation further east-
wards. Like the other areas, this cluster receives
precipitation mostly in winter and spring, and
hardly any precipitation can be observed from
June to September.

Cluster 5, comprising 14 stations, is located in
the southern and southwestern part of Iran, near
the Arabian Gulf. This region is strongly affected
by the southern track of Mediterranean cyclones
in winter, leading to frequent precipitation and
reasonably high mean annual totals of 249 mm
which are distinctly higher than those in Cluster
4. Against the peak of precipitation in winter,
there is hardly any precipitation experienced
from June to September.

5. Conclusion

In the first part of the paper, temporal and spatial
precipitation regimes over Iran were analysed by
applying PCA to the monthly mean precipitation
records from 71 stations over a 31 observation
period (1957-1987). Three PCs were extracted,
explaining 95.6% of the total variance. The
VARIMAX rotated PCs show for Iran three types
of intra-annual variation of precipitation with
different main precipitation seasons. As a result,
most of Iran experiences dry conditions during
summer (PC1) when only the Caspian Sea area
records relatively high precipitation. Mostly
orographic precipitation can be observed due to
local sea breezes that carry moisture from the
Caspian Sea. In summer, the southwest corner is
the wettest area of the Caspian Sea.

In general, winter represents the main rainy
season over Iran (PC2). Most parts receive more
than half of the annual precipitation totals during
winter. The highest totals can be observed over

the Zagros Highlands and in the southwest corner
of the Caspian Sea. Winter precipitation origi-
nates from Mediterranean depressions.

During spring (PC3), most parts of Iran
experience dry conditions. Only the northern
parts record high precipitation totals, with the
highest values in the northern and record north-
western parts which are mostly due to convective
rainstorm activity.

In the second part of the paper a CA was
applied to the PC-scores: Five homogeneous
clusters were derived, establishing regions with
well pronounced intra-annual precipitation vari-
ability. On the one hand, these clusters are well
separated from each other according to their
intra-annual precipitation variations, yet on the
other hand, clear spatial connections can be
observed. The stations of Cluster I are located in
the northwestern part of Iran and in the south-
eastern part of the coast of the Caspian Sea. The
annual precipitation total is comparatively high
(379 mm) and its intra-annual variations rela-
tively even. The southwestern part of the Caspian
Sea (Cluster 2) experiences highest precipitation
totals in Iran throughout the year, resulting in the
mean annual total of 1,331 mm. Cluster 3 records
only slightly higher totals than Cluster 1, but the
intra-annual variation varies. While the summer
is very dry, winter is the main rainy season.
Depressions originating over the Mediterranean
basin lead to substantial precipitation totals,
indicating a dominantly cyclonic origin for
precipitation. Cluster 4 occupies the central
Desert Basin of Iran, recording a mean annual
total of precipitation of only 130mm and
reflecting the driest cluster of Iran. This region
is located on the leeward sides of the two main
mountain systems. Precipitation mostly occurs
during winter. The same pattern occurs for the
intra-annual variation for Cluster 5, which
occupies the southern and southwestern parts of
Iran. Precipitation during winter contributes most
of the annual total (249 mm).
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