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Motivation Link between daily sea level pressure and precipitation indices
Precipitation extremes are often caused by unusual weather states. The identification of unusual weather states The right figures show that the latitudinal daily o w0
therefore is a basic prerequisite for downscaling and forecasting hydro-meteorological extremes. Recently, a promising pressure gradient Ap, between two grid point  _ °‘04j _ : |
technique has been proposed for the identification of unusual weather states based on the notion of data depth. This seems to be a good indicator for prediction of 50.3’5 | £
technique is used to measure the centrality of a weather state. The less central a given weather state is, the less both daily indices. We used here the pressure  § . R
frequent the state is and the more unusual this weather state becomes. In this investigation we test the methodology for gradient between grid point Aand F. Thereisa ¢ ,,. £
the identification of unusual states which can cause large-area long-lasting heavy precipitation in West Africa. The clear link between both indices and the E 02 S 4
following issues are highlighted in this presentation in detail: gradient so that dry and wet days can be  §o1s g 3

separated for the study region. The reasonisa & o1 g 2
« The basic idea of this new concept for the identification of unusual weather states is illustrated. change of the pressure regime when the 0.05 - £ 1
* |t is demonstrated that there is a link between precipitation and pressure related variables even during the rainy Intertropical Convergence Zone moves north ? 10 . . . o °
season. and south along the study region (see figure attucinal pressure gradient (1Pa attucinal presse gradient [1Pa
 The performance of this technique is illustrated using a very simple classification approach based on the daily below).
pressure regime. The scatter plot of daily time series for two latitudinal pressure gradients (grid points A-F and B-G) is given in the lower
figures for six precipitation categories. The entire data set is illustrated by grey pairs. Highlighted in red are those data pairs
which belong to the precipitation category given in the figures. The scatter plots show that there is a clear pattern in the data
cloud recognizable for both indices indicating that days with no precipitation can be separated from days with low, moderate
1fi ' ' ' and intensive precipitation. However, the pressure gradients seems to be not a good indicator for the prediction of extremes
Identification of unusual weather states using the notion of and intensive p
data depth 2 P, <001 i 001 <P <01 : P, <0.01 mm 2 0.01 mm <P, < 0.5 mm

There are many data depth functions which can be selected to measure the centrality of an atmospheric state (see Liu WM"“ M,,%w
et al., 1999). In this investigation the L,-depth is used (Vardi & Zhang, 2001) since this function is easy to calculate in e - e
comparison to other depth functions and represents thereby a suitable starting point for an investigation. The L,-depth of = : 5
an atmospheric state x(t;) = (X;, X, ..., X,,) With k dimension at time t, can be calculated from a set of n atmospheric > 7 3 2 3 1 S e a4 a0 s e s e e a s e e e
states X = [X(ty), X(ty),..., X(t,)] in the following way: pressuegradent (00 sl i prssure gradint (73 pressregradint 173

: 01<P,<0.2 Y 2ep, <04 : 0.5mm <P, <2mm z 2 mm <P, <5 mm
] 6
L, [x(t,)]=1- Z g X(ty) —x(t) g; is the weight of an atmospheric state. z g : : |
The L,-depth ranges between zero and one. The lower the centrality of an atmospheric state the larger the data depth otk oL
becomes. The data depth is largest (one) if the atmospheric state is in the center. L R N T N B I - S 0T e
: O4=P=08 : P,1>06 ® Smm<p,<10mm : P,>10 mm
(A) Independent case (B) Dependent case m 2 “ z iy :’ : M Z il
2 L,-depth 0 _ : 6 : 6 6
i ‘ — 44 r=092 # & & 2 @ 2 + & ® ‘I T T L N T S S S T
3 very high [0.8,1] ~ 3 | , sl pressre gratent () - presure gradient Pl
, high [0.6,0.8] £, Due the strong annual cycle of the precipitation regime in

. . moderate [0.4,0.6] ot : . o . } 1.0 - 10 -

o e low[0.2,04] IR that region similar results can be easily obtained by o | o )

@ g e verylow[0,0.2] by 0 - separating t_he data_ in c_hfferent months. T_he guestion Is g s ] £, x
E 4 > 4] whether daily precipitation can be also linked to daily 2 5 x x
> Py § o pressure related variables during the rainy season. The s ' x o 7 ;g:x \

3 S 5 by same analysis was therefore done for the rainy season % °° . g : X %gi;g P
4 5] SO A with the result that the pressure gradient is not a good g > : . S %&%
5 - ] R L indicator for the separation (not shown here). In contrast, 5 5 *’Wgﬁ‘a}x}(
5 4 3 2 4 0 1 2 3 4 s 5 4 3 9 A4 0 1 o 3 4 s the mean sea level pressure at grid point D seemstobea & %% . ) " 7
variable x [-] height anomaly at grid point 1 [ good indicator for this period. The observed relationship 027 1
between mean sea level pressure and both indices is 017 ,
illustrated in the left figure for the data of two months (July 0.0 | ‘ | | ' ‘ 1006 1008 1010 1012 1014 1016 1018
The data depth for data pairs of two independent standard normal distributed variables is illustrated in the left and August). The lower the pressure the higher e.g. the T mean sea level pressure [Pa]
figure. Data pairs near the center have a very high data depth (light grey). Data pairs at the boundary of the data mean precipitation amount is.
cloud have a very low data depth (black dots). These data pairs are indicated by the L,-depth as unusual
atmospheric states. Many statistical downscaling applications use pressure related variables to describe the
atmospheric state over a geographical region. These variables are characterized by a high spatial dependence so ] . ] .. .

that the resulting data cloud is different in comparison to the independent case. For example, the data cloud of two RelathnShlp between dally preC|p|tat|On and data depth
time series of daily height anomalies taken from grid points close to a study region is illustrated in the right figure. In
this case, the L,-depth only identifies those states as unusual if high negative or high positive anomalies occur to 020 | | 020 o -1
the same time at both grid points. o] - s e S ooy e
Study region and data B T T S e T I I

data depth [-] data depth [-] data depth [-] data depth [-]

The study region is located in the Volta basin. The investigation period B0 e 050 7 -

ranges from 1961 to 1999. Large-area long-lasting heavy precipitation 2072 s, 9, <0 _om msemon 20 £y | mmseasn. <o E,| e oo

IS indicated by two indices: the mean daily precipitation amount P, and _ 065 - § oss 5] E 5

the proportion of wet locations in the study region P,. The mean daily 5 : 22: a“ g

precipitation amount is calculated from daily point observations ém- % o0 £ _&3

measured at 29 land surface stations located in Burkina Faso and e - | £ow | :1 i

Ghana. The locations of the stations are indicated as red dots in the T B T A T O A
ngi)c.)nzhvevitrr)\r%pggfer;vgg V:';tn Igs:gi)r(lg '>S zthrin?/lér)ngﬁ; d(;f dpgsi'ﬁgigg: The _data_ depth is_ calculated for two gradients of the geopote_n_tial h_eight selected from the same grid point Iik(_e in the
qumber of stations. It is a measure that indicates the size of the previous mve_st_lga_tlons (A-F and B-G) . Afterwards, the df_:\ta IS divided into four subsets_ based on daily pressure regime ar!d
orecipitation area .The indices are calculated for each day of the monthly precipitation regime to separat_e_dry atr_nogpher_lc _states from wet atmosphferlc states. The observed relationship
investigation perio.d The close relationship between the daily values of between the data depth and the_ pre(_:l_pltatlon indices is illustrated in the upper.flggres for th_e.fogr subsets. Very dry
both precipitation iﬁdices Is illustrated as scatter plots in the lower _atmospherlc states can be clear_ly |der_1t|f|ed by the data depth_ approach based on th!s_ smple classmcatlon_although only Fhe
figure mfor_m_atl(_)n of two hel_ght _gradlents IS us_ed fo_r the analysis. However, the identification of atmospheric states causing

' precipitation extremes is still problematic with this simple approach.
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_ . Jlanuary 0 ppril The large-scale atmospheric information used
ém £ in this study is six-hourly mean sea level COﬂC|USi0n and future I’esearCh
3 35 E pressure (12 UTC) and geopotential height (12
g g > : . :
g 30 : UTC, 850 hPa) taken from grid points which are . L . . . o . .
525 Hiz hiahliah : ) ue in th grap N bl We illustrated in this study that there is a clear link between daily precipitation indices and daily pressure related variables,
s 2 x ighlighted in blue in the map. Both variables . . . .
g 20 S 20 X x are part of the data archive of the NCEP/NCAR even during the rainy season. If wet and dry atmospheric states are separated from each other, the selected simple
gy 215 xR . . . approach based on the L,-depth seems to be a good indicator for the identification of extremely dry days in the Volta basin
z x 8 x X 8%t reanalysis 1. The latitudinal pressure regime for . . L e . . '
glz % 5 £ y . P : J . To improve the detection of precipitation extremes a more sophisticated approach will be tested e.g. by replacing the
i E 5 the study region between grid point C and E is . e . . L . : .
o x i ~ ) . . current simple classification technique with an approach for an automated classification of daily circulation patterns
. o <k lllustrated in the lower figure t ple_classificat techniq th PP h i ¢ ted classificat f daily lat palt
N oty O o1 ' (Bardossy et al., 2002). We will also test moisture indices as additional information for the prediction of extreme
: recipitation. The focus of future studies will be also the illustration of the downscaling performance based on standard skill
0 Jul >0 b — 1014 X . e
s x cas e £ scores used in forecast verification.
£ 40 E o 1013 _ _ _ _ ] _
S 35 S 3s 2 o This work is part of the Core Research Program of WASCAL (West African Science Service Center on Climate Change and
30 3 £ 30 o ; Adapted Land Use) which is funded by the German Ministry of Education and Research (BMBF). The precipitation data
= = o 1011 = . . . . . : : :
g% £ E ; was kindly provided by the national meteorological and hydrological services during the GLOWA-Volta project.
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