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I) Introduction

The aim of this short study is to explore the role played by the intermittency
phenomena on the spatial and temporal distribution of precipitation in Iceland. First, a
linear relationship between precipitation and intermittency is derived. Then the
validity of this relationship is tested with monthly and annual precipitation. Finally,
the spatial and temporal variability of precipitation is discussed in relation to the
characteristics of the proposed model.

II)  Relationships between precipitation amounts and occurrence of
precipitation

Let Rdenote the instantaneous precipitation rate in mm/h. R is an intermittent

process in both space and time (it rains/snows or not) and thus admits a mixed

distribution with a spike at zero (probability that R is null) and a continuous

distribution for the strictly positive values. From this mixed distribution, one can
derive the mean precipitation rate at any location (x,y) as follows:

E[R]=E[RIR > 0]Pt[R > 0] (1)
and the probability that the precipitation rate exceeds a given threshold t:
Pr[R > 7]=Pr[R > 0]Pt[R > 7| R >0] )

or

Pr[R > r]

PdR>M:PdR>dR>O]

3)

from (1) and (3), it is straightforward to write

_ E[R|R > 0]Pr[R > 7]

ElR]= Pr[R > 7| R >0 @
or

E[R]=S(z)Pr[R > 7] (5)
where

5(0) E[R|R > 0] ©

“Pi[R> < R>0]



or

_ E[RR>0]
1-PrlR<17| R>0]

S (2')

(7)

The relationship (5) is true for any mixed distribution. It can be seen as a
generalization of (1). The coefficient S(z) can be seen as a scaled value of

E [R|R > 0] in order to account for the precipitation rates below the threshold t. If t =
0, S(r)= E[R|R > 0].

Let P denote the accumulated precipitation over a period of T days :

P =TE[R]=TS(z)Pt[R > 7] 9)

P = f3(z)Pt[R > 7] (10)
where

plz)=T5(z) (11)

In practice, the precipitation rate R is not measured instantaneously but averaged over
a period At ranging from a few minutes to a day. The probability that R exceeds a
given threshold t within the period T, Pr[R> 7] is not known precisely but
estimated by the Fractional Time R is exceeding t, FTR(z). First a binary variable is
defined:

I ifR>7
[(T) B {O otherwise (12)
then
FIR(r)=1 3 1,(¢) (13)
k=1

where n is the number of discrete measurements within the period T. If n is large
enough with respect to the accumulating period T,



Pr[R > 7] ~ FTR(z) (14)
Finally, the precipitation amount P at location (X,y) is estimated by:
P = B(r)FTR(z) (15)

The linear relationship (15) shows that the precipitation amount can be represented by
the product of two quantities:

- FTR(z) which defines "how often" precipitation is occurring above the threshold t
throughout the period T.

- ﬂ(r) which defines "how much" precipitation, each time precipitation is occurring
above the threshold .

A geometrical interpretation of (15) is given in figure 1.

The variability of the precipitation amounts in both space and time depends on both
variabilities of FTR(z) and S(r) (i.e. S(r)).

The relationship (5) is known as the threshold method. Number of studies based on
(5) applied in both space and time and in various climatic regions have shown that
S (z') is usually quite stationary in space and time for some optimal threshold t. If this
is the case, one only needs to estimate Pr(R > r) to derive the precipitation amounts P
at any location and/or at any time, given that S(z‘) is known. This is why such an

estimation method has received attention over the last 15 years for estimating
precipitation with remote sensing devices such as satellites or radars, see [1] to [12].



Figure 1: Geometrical interpretation of the threshold method.

The method estimates P, the area under the curve by P , the sum of the 4 squares.
The value of S(t) integrates information about the precipitation rates lower than t.

P = [ Rdi




IIT)  Evaluation of the threshold method in Iceland

We propose now to assess the linearity of (15) over Iceland, considering monthly
precipitation and annual precipitation, and thresholds of 0, 1, 5 and 10 mm/day.

The raw data used in this study are daily precipitation measured at 122 sites from
1980 to 2001 (figure 2). These precipitation stations are manual. No correction is
applied to the data to account for any loss due to wind for instance. From these daily
precipitation data, monthly and annual precipitations are derived. The monthly
precipitation is computed if the station has been in operation for at least 25 days, and
the annual precipitation is computed if the station has been in operation for at least
350 days. The number of stations used simultaneously in a given month is ranging
from 60 to 122 with a mean of 84.

Figure 3 to 6 present for each month the linear regressions between F7. R(r) and P for

the monthly precipitation in 2001 and figure 7 for the annual precipitation in 2001.
The annual relationships derived from 1980 to 2000 are given in appendix 1 and the
monthly relationships for the thresholds 5 mm/day and 10 mm/day are given in
appendices 2 and 3. The statistics of the correlation coefficients are given in tables 1
and 2.

Table 1: monthly regressions: statistics of the correlation coefficients

minimum mean maximum
0 mm/day -0.259 0.409 0.795
1 mm/day 0.141 0.699 0.904
5 mm/day 0.600 0.869 0.956
10 mm/day | 0.627 0.899 0.967

Table 2: annual regressions: statistics of the correlation coefficients

minimum mean maximum
0 mm/day 0.105 0.359 0.574
1 mm/day 0.741 0.802 0.855
5 mm/day 0.913 0.940 0.962
10 mm/day | 0.961 0.978 0.986
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Figure 2: precipitation network
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Figure 3: threshold=0mm: P=TS(p)FTR(p)+Te(p)
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Figure 4: threshold=1mm: P=TS(p)FTR(p)+Te(p)
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Figure 7: Year 2001 : P
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One can see that the linearity of (15) is very poor for the thresholds 0 and 1 mm/day,
becomes much more acceptable for 5 mm/day and reaches an optimum (highest
correlation coefficient) at Tt =10 mm/day for both monthly and annual precipitation.
The poor linearity observed at =0 mm/day and 1 mm/day shows that the probability
distribution function (pdf) of the strictly positive precipitation rate is probably not
stationary in space and time. At the optimal threshold (10 mm/day) the observed
linearity of the relationship between FTR(z) and P suggests that S(r) can be
considered reasonably stationary in space (over Iceland) for a given month or year
despite changes in the pdf of rain rate. Thus, the estimation of monthly and/or annual
precipitation at any location in Iceland can be performed reasonably well by simply
counting the number of days exceeding 10 mm. At this optimum threshold of 10
mm/day, FT R(r) explains in average 80% of the variance of the monthly
precipitation and 95% of the annual precipitation. In other words, with respect to the
data available for this study, the spatial distribution of precipitation in Iceland is
rather well explained by the spatial distribution of the number of days exceeding 10
mm/day.

All the linear relationships present an intercept term. This intercept term accounts for
the precipitation lower than the threshold and not detected by the method. This term is
usually rather low for both T = 5 mm/day and 10 mm/day.

A the optimal threshold, the correlation coefficients derived from the annual
relationships are higher than those of the monthly correlations. There are two reasons
at least that may explain this fact:

1) The temporal resolution of the data with respect to the length of the period.
With daily precipitation, F7. R(z‘) is more accurately estimated over one year
than one month, and this has an effect on the linearity of the relationship.

i) The spatial variability of the precipitation rates generated within one month is
more important than within one year, and this is affecting directly the stability
of S(z‘) and the strength of the linear relationship (15). There is a lower limit
in the use of the method related to the length of the time window.

Figure 8 presents the interannual variability of S (r) derived from the annual linear

regressions, for the thresholds 5 and 10 mm/day, and the mean value over Iceland of
E[R|R>0]. A climatological analysis of these relationships is outside the scope of this
study. However, it is worth noting that a trend is observed for the threshold 5 mm/day
(and to some extent 10 mm/day) showing that in average over Iceland, the slope of the
annual linear relationships has apparently slowly increased over the last 20 years. This
observed trend might be a reality or simply a pure sampling effect due to a change in
the spatial distribution of the precipitation network (the number of stations used in the
study has almost double from 1980 to 2000). Whatever the reasons involved, there
has been a slight change in the experimental pdf of R>0, causing either an increase in

E[R|R>0] and/or a reduction of Pr(R > z'|R > 0). The assumption of a slight increase

in E[RIR>0] at least seems to be supported. On the other hand, the interannual
variability of the annual FTR(z) does not present any marked trend (see figures 9 and

10).

12



The interannual variability of § (T) derived from the monthly linear regressions is
presented in figure 11 for the threshold 10 mm/day only. The slopes derived from the
other thresholds are not considered because of high uncertainty due to the too poor
linear relationships between FTR(r) and P. One can see that for some specific
months S(r) presents a trend describing an increase of S(t) like January, June,
September and December, while other months present a trend describing a decrease of
S(t) like February and April. A detailed analysis of the pdf's of R should be carried
out with an homogeneous precipitation network in order to understand how
significant these results are, and describe the long term evolution of the precipitation
rates over Iceland.

Despite the observed interannual variability of the S(r) coefficients, the threshold

method still works remarkably well when all the monthly data of each month
respectively are lumped together, (figure 12) or when all the monthly data of each
year are lumped together (figures 13 and 14).

13
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Figure 12: Threshold = 10 mm/day: P=TS(p)FTR(p)+Te(p), monthly relationships (1980-2000)
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Figure 13: Threshold=10 mm/day: P=TS(p)FTR(p)+Te(p), monthly relationships (1980-1991)
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Figure 14: Threshold=10 mm/day: P=TS(p)FTR(p)+Te(p), monthly relationships (1992-2000)
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IV)  Conclusion

The purpose of this short study was to analyze the relationships between precipitation
and intermittency in Iceland. With respect to the data resolution (daily precipitation),
it was observed that the number of days exceeding 10 mm of precipitation explains in
average 80% of the variance of monthly precipitation and 95% of the variance of
annual precipitation in Iceland. The reason for that is the stability of the coefficient
S (z') These results open several perspectives. The proposed method can be usefull to

provide insight on long term variability of precipitation in Iceland with few
meaningfull parameters. It is also suitable for dealing with the estimation of
precipitation in Iceland with the use of remote sensing devices. In the near future,
these results will be used as reference in the validation protocol developed for
assessing the quality of the precipitation amounts produced by the MMS5 numerical
model in Iceland [13] and [14]. It will help to identify which aspect of the
precipitation process is (or is not) reproduced with satisfaction by this model, and
understand if the differences in the precipitation patterns/structure are caused by
differences in the length of time precipitation is occurring and/or differences in the
precipitation rates.
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Appendix 1

Relationship between annual precipitation and
fractional time raining above a threshold

Period 1980-2000
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Appendix 2

Relationship between monthly precipitation and
fractional time raining above 5 mm/day

Period 1980-2000
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Appendix 3

Relationship between monthly precipitation and
fractional time raining above 10 mm/day

Period 1980-2000
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