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Extended abstract
1-Introduction

Identification of heavy rainfall events
are important in the design of water-
related structures, agriculture, weather
modification, policy making and planning
and in monitoring climate change.
Generally the change in rainfall in the
world was examined in both time and
space. Hence, much attention has been
paid to different methods of analysis of
extreme precipitations during recent
years.

Karl and Knight (1998), studied the
twentieth century trends of precipitation
are examined by a variety of methods to
more fully describe how precipitation has
changed or varied. They believed that
since 1910, precipitation has increased by
about 10% across the contiguous United
States. The increase in precipitation is
reflected primarily in the heavy and
extreme daily precipitation events. For
example, over half 53% of the total
increase of precipitation is due to positive
trends in the upper 10 percentiles of the
precipitation distribution.
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These trends are highly signification,
both practically and statistically. The
fallowing as a result, there is a
signification trend in much of the United
States of the highest daily year-month
precipitation amount, but with no
systematic national trend of the median
precipitation amount.

Kunkel (2003) analyzed the extreme
precipitation events indicate that there has
been a sizable increase in their frequency
since the 1920s/1930s in the U.S. This
suggests that natural variability of the
climate system could be the cause of the
recent increase, although anthropogenic
forcing due to increasing greenhouse gas
concentrations cannot be discounted as
another cause.

Liebmann et al (2004) reports that
Seasonal linear trends of precipitation
from South American station data, which
have been averaged onto grids. The
results showed that in the period 1976-
99, the largest trend south of 20 occurs
during the January—March season, is
positive, and is centered over southern
Brazil. From 1948 to 1975 the trend is
also positive, but with less than half the
slope. The dynamic causes of the trend
are not obvious. It does not appear to be
accounted for by an increase in synoptic
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wave activity in the region. The
precipitation trend is related to a positive
sea surface temperature trend in the
nearby Atlantic Ocean, but apparently not
causally.

Brahmananda et al (2006) believed
that there has been an increase in rainfall
over northeast Brazil (Nordeste), while
over the sub-Saharan region there has
been a drought. The correlation
coefficients between the 11-yr running
means of the rainfall series over the two
regions are significant (at the 95%
confidence level by a two-sided t test),
suggesting that both trends are related.
The rainfall variations over the two
regions are connected to the position of
the intertropical convergence zone
(ITCZ) over the Atlantic. A more
southward (northward) position of the
ITCZ is favorable for higher than normal
rainfall over Nordeste (sub-Sahara). The
correlation  coefficient between the
position of the ITCZ over the Atlantic and
the rainfall over Nordeste (sub-Sahara) is
negative (positive) and highly significant,
reaching values over 0.9. Thus, this study
suggests that a more southward than
normal location of the ITCZ in the
Atlantic may be the cause for the recent
increasing (decreasing) trend of rainfall
over Nordeste (sub-Sahara).

Su et al (2006) studied the extreme
temperature and precipitation trends over
Yangtze from 1960 to 2002 on the basis
of the daily data from 108 meteorological
stations. Both the Mann-Kendall (MK)
trend test and simple linear regression
were utilized to detect monotonic trends
in annual and seasonal extremes. Trend
test has revealed a significant trend in
summer  rainfall, no  statistically
significant change was observed in heavy
rain intensity.

Becker et al (2006) studied the
Precipitation trends in the Yangtze River

catchments (PR China) for the past 50
years by applying the Mann-Kendall
trend test. The results showed that
significant positive trends at many
stations can be observed for the summer
months.

Crochet (2007) studied the climatic
variability and trends of precipitation in
Iceland for the period 1961-2000. He
believed that the observed intra- and
interannual variations in the precipitation
characteristics can be linked to variations
in size, location, and occurrence of the
large-scale precipitation systems crossing
Iceland that are in turn influenced by the
strength of the North Atlantic Oscillation,
especially in winter.

2- Methodology

Identification of trend or persistence in
the rainfall series is essential to present
the hydrological information in the
condensed form for decision-making in
water resources planning of any region.
This paper exemplifies a study involving
non-parametric  statistical method of
Mann-Kendall test for identification of
existence of trends in annual rainfall
series for Iran country. Sen’s estimator of
slope method was used to compute the
change per unit time in a time series
having linear trend.

According to the test, the null
hypothesis HO  states that the
deseasonalized data (x1, X2,........ Xn) is a
sample of n independent and identically
distributed random  variables. The
alternative hypothesis H1 of a two-sided

test is that the distribution of X and X,
is not identical for all k, j < n with k # j.
The test statistics S is computed from
Egs. (1) and (2) and are given by:

Szni Zn:sgn(xj - %) @)

k=1 j—k+1
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+10f (x,-x)>0 (@
sgn(x; =% ) =40 if (x;-x)=0
-1 if (x;—%)<0

The test statistics S has mean zero and
variance of S, computed by:

()= nin-DiZn+ 5}—182.?(:—1}(2“5) (3)

Here t is the extents of any tie and Xt
denotes the summation over ties. For the
cases that n is larger than 10, the standard
normal variants z is computed by using

Eq. (4).

_ 4
Sl i 550 @
JVar(S)

7= 0 if s=0

5+1 i s<o

JVar(S)

Thus, in a two-sided test for trend, the
hypothesis HO should be accepted ifz <
za/2 at the o level of significance. A
positive value of S indicatesan upward
trend and a negative value indicates a
downward trend.

3- Discussion

In this study, trends of rainfalls were
examined on the basis of measurements
of 1437 stations (included synoptic,
climatic and rain gage stations) in Iran for
the period 40 years (1964-2003). For this
purpose, the used statistical methods are
the nonparametric Mann-Kendall test for
testing the presence of monotonic
increasing or decreasing trend of rainfall
and nonparametric Sen’s method for
estimating the slope of a linear trend.

4— Conclusion

For the present study rainfall data in
respect of lIran synoptic stations were
analyzed to study about the variation in
rainfall trend. The results of trend

analysis showed that there are not any
significant trends in mean of station’s
rainfall and mean of pixel’s rainfall.
However, mean of station’s rainfall and
mean of pixel’s rainfall over Iran was
respectively 0.64 mm and 0.5 mm for
every year.

Key words: Trend analysis, interpolation,
Mann-Kendall, Iran’s rainfall.

References

Akinremi, O. O., Mcginn, S. M., Cutforth,
H. W. 2001. Seasonal and Spatial
Patterns of Rainfall Trends on the
Canadian Prairies, Notes  and
Correspondence, 2177.

Akinremi, O. O., Mcginn, S. M., Cutforth,
H. W.1998. Precipitation Trends on the
Canadian Prairies, Journal of Climate,
Volume 12, 2996.

Angel, J.R., Huff, F.A. 1997. Changes in
heavy rainfall in Midwestern United
States, Journal of water Resources
planning and management, July/August.
246-249

Becker, S., Gemmer, M., Jiang, T, (2006),
Spatiotemporal analysis of
precipitation trends in the Yangtze
River Catchment, Stoch Environ Res
Risk Assess 20: 435-444.

Becker, S., Gemmer, M., Jiang, T. 2006.
Spatiotemporal analysis of precipitation
trends in the Yangtze River Catchment,
Stoch Environ Res Risk Assess 20: 435-
444,

Brahmananda R.V., Giarolla, E., Kayano,
M. T., Franchito, S. H, (2006), Is the
Recent Increasing Trend of Rainfall
over Northeast Brazil Related to Sub-
Saharan Drought? Journal of Climate,
Volume 19, 4448-4453.

Brahmananda R.V., Giarolla, E., Kayano,
M. T., Franchito, S. H. 2006. Is the
Recent Increasing Trend of Rainfall over
Northeast Brazil Related to Sub-Saharan
Drought? Journal of Climate, Volume
19, 4448-4453.



24 Geography and Environmental Planning, 22" Year, vol. 43, No.3, Autumn 2011

Crochet, P, (2007), A Study of Regional
Precipitation Trends in Iceland Using a
High-Quality Gauge Network and
ERA-40, Journal of Climate, Volume
20, 4659-4677.

Crochet, P. 2007. A Study of Regional
Precipitation Trends in Iceland Using a
High-Quality GaugeNetwork and ERA-
40, Journal of Climate, Volume 20,
4659-4677.

Feidas, H., Noulopoulou, Ch.,
Makrogiannis, T., Bora-Senta, E. 2007.
Trend analysis of precipitation time
series in Greece and their relationship
with circulation using surface and
satellite data: 1955-2001, Theor. Appl.
Climatol. 87, 155-177.

Haylock, M. R., Peterson, T. C., Alves, L.
M., Ambrizzi, T., Anunciacao, Y. M. T,
Baez, J., Barros, V. R., Berlato, M. A,,
Bidegain, M., Coronel, G., Corradi, V.,
Garacia, V. J., Grimm, A. M., Karoly,
D., Marengo, J. A.,, Marino, M. B.,
Moncunill, D. F., Nechet, D., Quintan,
J., Rebello, E., Rusticucci, M., Santos, J.
L., Trebejo, I., Vincent, L. A. 2005.
Trends in Total and Extreme South
American Rainfall in 1960-2000 and
Links withSea Surface Temperature,
Journal of Climate, Volume 19, 1490-
1512.

Hidalgo, G. J. C., De Lui’'s, M., Ravento’s,
J., Sa'nchez, J. R., 2003. Daily rainfall
trend in the Valencia Region of Spain,
Theor. Appl. Climatol. 75, 117-130.

Karl, T. R., Knight, R. W, (1998). Secular
Trends of Precipitation Amount,
Frequency, and Intensity in the United
States, Bulletin of the American
Meteorology Society, Vol. 79, No. 2,
February, 231-241.

Karl, T. R., Knight, R. W. 1998. Secular
Trends of Precipitation Amount,
Frequency, and Intensity in the United
states, Bulletin of the American

Meteorology Society,Vol. 79, No. 2,
February, 231-241.

Kunkel, K. E, (2003), North American
Trends in Extreme Precipitation,
Natural Hazards 29: 291-305.

Kunkel, K. E. 2003. North American
Trends in Extreme Precipitation, Natural
Hazards 29: 291-305.

Liebmann, B., Vera, C.S., Leila Carvalho,
M. V., Camilloni, 1.S.A., Hoerling, M.
P., Allured, D. Barros, V. R., Ba" Ez, J.
N. Bidegain, M. 2004. An Observed
Trend in Central South American
Precipitation, Journal of Climate,
Volume 17, 4357-4367.

Liebmann, B., Vera, C.S., Leila Carvalho,
M. V., Camilloni, I.S.A., Hoerling, M.
P., Allured, D. Barros, V. R., Ba" Ez,
J. N. Bidegain, M, (2004), An
Observed Trend in Central South
American Precipitation, Journal of
Climate, Volume 17, 4357-4367.

Su, B. D., Jiang, T., Jin, W. B, (2006),
Recent trends in observed temperature
and precipitation extremes in the
Yangtze River basin, China, Theor.
Appl. Climatol. 83, 139-151.

Su, B. D., Jiang, T., Jin, W. B. 2006.
Recent trends in observed temperature
and precipitation extremes in the
Yangtze River basin, China, Theor.
Appl. Climatol. 83, 139-151.

Vivekanandan, N, (2007), Analysis of
Trend in Rainfall Using Non Parametric
Statistical Methods, international
symposium on rainfall rate and radio
wave propagation, American institute of
physics. P 101-113.

Vivekanandan, N. 2007. Analysis of Trend
in Rainfall Using Non Parametric
Statistical Methods, international
symposium on rainfall rate and radio
wave propagation, American institute of
physics. P101-113.



