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1. Abstract 4. The software system Castalia (1) 7. Sunshine Duration & Wind Speed (2) 10. Precipitation (1)

* The model performs multivariate stochastic simulation on annual, monthly and daily scales following January  February ~March  April July  August September October November December
Castalia is a software system that performs multivariate stochastic simulation a disaggregation approach (Koutsoyiannis and Efstratiadis, 2001; Dialynas, 2011; Dialynas et al., 2011). Monthly - : : : : : : : : : : 0008 Karlsruhe
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and cross-correlation. Furthermore, Castalia reproduces long-term « At multi-year scales the long term persistence (LTP); : : : : : : : : : : - s preserved in the synthetic time series
persistence. It follows a disaggregation approach, starting from the annual * At sub-annual scales the periodicity; 005 oroduced by Castalia.
time scale and proceeding to finer scales such as monthly and daily. To assess * At daily scale the intermittency. O @ Historical (Monthly)
the performance of the Castalia system we test it for several

* LTP is reproduced through a symmetric moving average (SMA) scheme for a generalized Also, the autocorrelation
hydrometeorological processes such as rainfall, sunshine duration and wind from ARMA-type (H = 0.50) to highly persistent processes (H > 0.50).

autocovariance function with user-specified parameters (Koutsoyiannis, 2000), allowing to represent = Synthetic (Monthly) coefficient of the synthetic
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speed. To this aim we retrieve time series of these processes from a large * Auxiliary series are provided by a , , — the one of the historical time
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2. Data Set - Preprocessing 5.The software system Castalia (2) 8. Sunshine Duration & Wind Speed (3) 11. Precipitation (2)

L We retrieve daily time series of wind speed, sunshine duration and precipitation from “KNMI . _ _ _ _ _ . The historical marginal statistical characteristics such as mean value, standard deviation and skewness coefficient
Climate Explorer” (http://climexp.knmi.nl/), “European Climate Assessment & Data (ECA&D)” O LTP is modelled using a parametrically defined generalized autocovariance function: are preserved in the synthetic time series.

(http://eca.knmi.nl/) and “Deutscher Wetterdienst” (http://www.dwd.de). 5.5
O Time series were selected based on the criteria below:
e Length of time series > 70 years (for relatively reliable estimation of the Hurst coefficient);
e Available wind speed metadata (measurement height above ground).
d We examined three time series for each of the above variables. where y; is the autocovariance for lag j and k and 6 are parameters. _ .éﬁiﬁfiﬁc

- Wind speed data with changes in the measurement height were adjusted, in order to refer to the O This theoretical autocovariance function is fitted to the sample autocovariance of each annual (Daily) Jan  Feb Mar Apr May Jun Anmual
most recent observation height. . Feb Mer Apr May Jm o Jd Aug Sep Annudl Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Pesaro Station Pesaro Station

variable. The parameters of the Symmetric Moving Average (SMA) model are estimated using this Maastricht Station i .
J The sunshine duration () is a variable bounded from both below and above with finite probability of theoretical autocovariance function and the annual marginal and joint second order statistics e S
zero value. Considering that the Gamma distribution is used in several software systems (including (Koutsoyiannis 2000)
Castalia) for the generation of synthetic time series, it is useful to associate the distribution of the y '
relative sunshine duration (X) with the Gamma distribution. That is achieved by the logarithmic [ The Castalia program can also handle possible intermittent behaviour of variables on the daily time
transformation Y=—In(1 — X) so that the domain of the transformed variable is [0, +°°) and the value scale using the following parameters chosen by the user:
X =0 corresponds to Y =0.
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3. Locations of stations 6. Sunshine Duration & Wind Speed (1) 9. Sunshine Duration & Wind Speed (4) 12. Conclusions

0.8 1 The Castalia software can be used for multivariate stochastic simulation of hydrometeorological

0.7 . . . - . .
oo _ The autocorrelation prolcesses such as sunshine duration, wind speed and precipitation on annual, monthly and daily
4 | scale,

Z.Z coefficients of the

s HILL- 1L ‘N E NN 1M : synthetic time series O The software system preserves satisfactorily the marginal and the joint second order statistics.

. L ,. Synthetic time series with a length of 1000 years are generated in each of the 3 locations having
—7'—N55”~*', 7 ",' o g both wind speed and sunshine duration records. The proposed logarithmic transformation of the
|| b4 Ee'?e | - oy, ) sunshine duration data is used and, after the generation of the synthetic time series of the
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—"9"*33”5* U'h’éf—~ T e 0 v\ software system, historical and synthetic statistics are intercompared. o o _
" ’ ¥ i® g (8 3 | Al @ Historical (Daily) istorical time series. A Considering that Castalia software was initially developed for the simulation of rainfall and runoff,
| ' o7 ' } ' = Synthetic (Daily) These results correspond it is confirmed that this program can further conduct stochastic simulations of a wide spectrum of
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gj | ' ' variable ¥= —In(1 = X). [ There is room for improving Castalia software to explicitly incorporate the use of nonlinear

02 | | Ik i : transformations of variables, to avoid pre-processing and post-processing of the generated time

AT TR W A | The chart on the left depicts
- P st F the histogram of the Hurst 0'(1) ' - series, as happened in the generation of sunshine duration.
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M Synthetic time series. Apparently, the
Hurst coefficient is preserved.
Notice that both values
exceed 0,65, which indicates
long-term persistence.

8? ' g - 1 @ istorical (vonthiy) produced by Castalia are O High values of the Hurst coefficient were observed for all processes. It is important that the
| similar to the ones of the Castalia software preserves the Hurst coefficient too.
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