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CALCULATION OF 10m HORIZONTAL WIND DIRECTION AND SPEED
Outline

Horizontal wind is usually measured by a wind vane and cup or propeller anemometer. Measured wind refers to the horizontal movement of air on a level of 10 meters above surface and includes wind speed and wind direction. The WMO standard for estimating the mean wind is the 10-min average. This has the advantage of averaging over a period that is typically sufficiently long to incorporate most of the shorter period fluctuations in natural wind (turbulence) but is sufficiently short to be normally regarded as representing a period of near-constant background mean wind (WMO, 2008).  Although any period of time can be chosen for averaging the wind speed, shorter periods of averaging will typically produce more erratic values than the 10-min average (WMO, 2008).
For the CARPATCLIM project observed horizontal wind direction and speed are defined as hourly averages of the 10-min means wind estimations. Wind direction is the meteorological direction defined as the direction from which the wind is blowing and is measured in degrees clockwise from true north (0-360). Wind speed is measured in m/s. 

 The hourly averages of direction and speed estimated at 07:00, 14:00 and 21:00 are used to compute the daily values.
The daily wind speed is the simple scalar average of the hourly wind speed estimations of the day. For the daily wind direction a "unit-vector" average is used. In this technique, the hourly wind directions are resolved in u and v components (u is the ZONAL VELOCITY, i.e. the component of the horizontal wind TOWARDS EAST, v is the MERIDIONAL VELOCITY, i.e. the component of the horizontal wind TOWARDS NORTH) and calculated for each observation.  Next, the average u and v components are computed and the average wind direction is derived by arctangent function.

Calculation methodology
Input:

· hourly wind direction (degrees 0-360) and speed (m/s) estimated at 07:00, 14:00 and 21:00 at station level;



Hourly wind vectors:       (t: day,  k: hour)

: component towards east,

: component towards north.


The components can be expressed by the wind speed  (m/s) and meteorological wind direction (degree) (David Hooper, 2002):


 ,               (1)

Then, the daily mean wind speed:                                                       (2)

Daily mean wind vector:   ,                                             (3)


where  ,    .
The daily “vectorial mean” meteorological wind direction in degree (David Hooper, 2002):


          (if )                                                         (4)
Remark: atan2 is a variation of the arctangent function. The ATAN2 form avoids the extra checks needed to insure that v(t) is nonzero, and is defined over a full 360 degree range.

Output:
· homogenized daily u(t) component towards east and v(t) component towards north interpolated into grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval ;
· daily wind direction (degree 0-360)  calculated (by formula (4)) from the u(t), v(t) grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval;
· homogenized daily wind speed (m/s) interpolated into grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval;

References:
 (WMO, 2008). - Guide to Meteorological Instruments and Methods of Observation (CIMO Guide).
Szentimrey, T. (2012), et. al : D1.12 - Final report on quality control and data homogenization measures applied per country, including QC protocols and measures to determine the achieved increase in data quality.
Szentimrey, T. (2012), et. al : D2.9 - Final report on the creation of national gridded datasets, per country.
[bookmark: top]David Hooper (2002):Wind Vector Notation Conventions, http://mst.nerc.ac.uk/wind_vect_convs.html


[image: ]


CALCULATION OF 2m HORIZONTAL WIND SPEED
Outline

The gridded daily mean wind speed series at 2m were calculated from the gridded daily mean wind speed series at 10m.

Calculation methodology
Input:
· 10m daily wind speed (m/s) interpolated into grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval

 Logarithmic wind profile model was used according to the following formula:  

                                                                        (1)                    
 where

 : daily mean wind speed series at 10m with roughness 0.1

 : daily mean wind speed series at 2m with roughness 0.1

At the above formula (1) the multiplier can be rewritten as,

                                                               

Consequenly the formula (1) is equivalent with the power law formula  with , moreover this power is in accordance with results obtained at the modelling procedures (see D2.9).

Output:
· 2m daily wind speed (m/s) calculated into grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval

References:
Szentimrey, T. (2012), et. al : D2.9 - Final report on the creation of national gridded datasets, per country.
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CALCULATION OF SURFACE VAPOR PRESSURE
Outline

According to WMO (2008) the Surface Vapor Pressure (e’) is defined as the partial pressure of water vapor in air or the water the ambient air actually holds. It is not possible to directly measure the actual vapor pressure and therefore the vapor pressure is commonly derived from relative humidity or dew point temperature (FAO, 1998). 

Calculation methodology
Input:
· daily grids of relative humidity [%] interpolated from the station records;
· daily Max and Min temperature [°C] grids used to compute saturation vapor pressure (e’w) [hPa]; 

Due to the lack of records on dew point temperature in CARPATCLIM project the daily vapor pressure was computed as a relation between the relative humidity and the saturation vapor pressure (e’w):


where,
e’= vapor pressure
e’w= saturation vapor pressure
U = relative humidity

Relative humidity expressed as the ratio between the amount of water the ambient air actually holds (Surface Vapor Pressure) and the amount it could hold at the same temperature (The saturation vapor pressure) is dimensionless and is commonly given as a percentage(FAO, 1998). Although the surface vapor pressure might be relatively constant throughout the day, the relative humidity fluctuates between a maximum near sunrise and a minimum around early afternoon. The variation of the relative humidity is the result of the fact that the saturation vapor pressure is determined by the air temperature which changes during the day. As saturation vapor pressure is related to air temperature, it can be calculated from the air temperature (WMO, 2008):
e’w = 6.112 exp(17.62 t/(243.12 + t))
with t in [°C] and e’w in [hPa]
Due to the non-linearity of the above equation, the daily saturation vapor pressure was computed in CARPATCLIM project as the mean between the saturation vapor pressure at both the daily maximum and minimum air temperature:

e’w =( e’w(Tmax) + e’w(Tmin))/2
Using mean air temperature only, instead of daily minimum and maximum temperatures, results in lower estimates for the mean saturation vapor pressure. The corresponding vapor pressure deficit (a parameter expressing the evaporating power of the atmosphere) will also be smaller and the result will be some underestimation of the reference crop evapotranspiration (FAO, 1998).

Output:
- daily grids (0.1°x 0.1° DD, (≈10x10km)) of surface vapor pressure [hPa], covering the 1961-2010 time interval;  


References:
 (WMO, 2008). - Guide to Meteorological Instruments and Methods of Observation (CIMO Guide).
Allen, R. G., Pereira, L. S., Raes, D., Smith, M., 1998. -  Crop Evapotranspiration. Guidelines for Computing Crop Water Requirements,  FAO Irrigation and Drainage Paper 56. FAO, Rome,
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CALCULATION OF SNOW DEPTH AND SNOW WATER EQUIVALENT 

Outline

Snow Depth is defined as the combined total depth of both old and new snow on the ground. Direct measurements of the depth of fresh snow on open ground are taken with a graduated ruler or scale (WMO, 2008).
The water equivalent of a snow cover is the vertical depth of the water that would be obtained by melting the snow cover. The standard method of measuring water equivalent is by gravimetric measurement using a snow tube to obtain a sample core (WMO, 2008). 
The evaluation of measured snow cover records at the level of CARPATCLIM area has led to the conclusion that there is a lack of reliable and continuous measured data at the level of the meteorological stations of the region and is insufficient for estimating connected variables such as Snow Water Equivalent and Snow Depth. In order to address this gap, a snow cover model employed operationally at ZAMG , was applied to generate a 0.1° latitude/longitude grid of daily mean snow cover and corresponding estimated water equivalent and  snow depth simulations. The applied model is based on pre-finished CARPATCLIM grids of mean air temperature [°C], precipitation sum [mm] and relative air humidity [%]. They are processed by the snow cover model regarding three main parts accumulation of snow cover, ablation of snow cover and transformation of SWE to snow depth.
Calculation methodology

Input:
· daily  grids of mean air temperature [°C], precipitation sum [mm] and relative air humidity [%];
· output grids of SWE, snow depth and snow temperature of the previous day, which in turn are used as input variables for the actual day.


1. Parameters
Five parameters, four seasonally constant ones and one seasonally variable parameter, control the day-to-day build-up and degradation of snow cover:
· The critical melting temperature (Tmc = 0 °C) accounts for the threshold beneath which all precipitation falls in solid form.
· The critical temperature (Tc = 0 °C) specifies the temperature above which all precipitation falls in liquid form and cannot be used for snow cover build-up. It most importantly steers snow accumulation.
· The cooling factor (Acool = 1 mm/(°C*d)) accounts for thermal loss of the snow cover in the case of air temperature lying lower than snow temperature.
· The snow cover layer boundary (lb = 200 mm) separates the snow cover into two for the calculation of the snow cover’s thermal properties. If the total SWE is smaller than the layer boundary, only one layer is existent.
· The degree day factor (Amelt = 1 to 8 mm/(°C*d)) determines the amount of melting water that incurs per degree day and therefore controls snow ablation. Contrary to the other parameters it varies over the year in a sinus wave reaching its minimum on December 21st and its maximum on June 21st 

2.	Processes
The processes which are included in the snow cover model are now described in their main outlines. Generally, fresh-fallen snow denotes the additional snow amount of the current day of calculation (“today”, suffix -t ), whereas old snow denotes the pre-existing snow amount of the previous day (“yesterday”, suffix -y).

2.1	Accumulation of snow cover
· Using the input variables air temperature, precipitation and relative humidity, the SWE of fresh-fallen snow is calculated via wet-bulb temperature which is a better indicator for the type of precipitation than temperature itself (fig. 1).
· Air temperature determines the snow temperature of fresh-fallen snow as well.
· The sum of the SWE of old snow and fresh-fallen snow makes the preliminary SWE after accumulation.
· The mean of the temperatures of old snow and fresh-fallen snow weighted by their respective SWE produce the preliminary snow temperature after accumulation.

[image: ]
Figure 1. Scheme of processing steps for the simulation of snow cover accumulation.

2.2	Ablation of snow cover
· Preliminary SWE and preliminary snow temperature after accumulation are used to calculate the preliminary cold content (fig. 2).
· With the aid of air temperature the amount of potential melt or effective cooling respectively is specified.
· The preliminary cold content and potential melt/effective cooling together determine the amount of effective melt and decrease of cold content (if air temperatures are above melting temperature) or the increase of cold content (if air temperature is below melting temperature).
· Effective melt subtracted from preliminary SWE gives the final output variable SWE.
· The cold content applied on the final SWE allows the calculation of the final snow temperature.

[image: ]
Figure 2. Scheme of processing steps for the simulation of snow cover ablation.

2.3	Transformation of SWE to snow depth
· For the calculation of the depth of fresh-fallen snow, the SWE of fresh-fallen snow is used considering the settling by degrading transformation (i.e. breakup of snow crystals) which depends on air temperature and the density of fresh-fallen snow (fig. 3).
· For the calculation of the depth of old snow, the old SWE is used considering the settling by degrading transformation, which depends on air temperature and the density of old snow, and the settling by the weight of the fresh-fallen snow, which depends on air temperature, the density of old snow and the SWE of fresh-fallen snow.
· The snow depths of fresh-fallen snow and old snow are added up to the final total snow depth.

[image: ]
Figure 3. Scheme of processing steps for the transformation of SWE to snow depth.

For more information please consult D2.9 – Final report on the creation of national gridded datasets, per country 

Output:
-  daily output grids (0.1°x 0.1° DD (≈10x10km)) of Snow Water Equivalent [mm], covering the 1961(October 1st)-2010 (December 31st)* time interval ; 
-  daily output grids (0.1°x 0.1° DD (≈10x10km)) of Snow Depth [cm] covering the 1961 (October 1st)-2010 (December 31st)* time interval ;

* The model is carried out for hydrological years. For the CARPATCLIM project, it is initiated on October 1st of every year from 1961 to 2010 (setting all snow cover variables to zero on that day) and runs uninterruptedly until September 30th. Due to the missing of the first part of the hydrological year 1960/61, calculation starts with the season 1961/62 and covers the almost 50 years from October 1st, 1961 to December 31st, 2010

References:
Hiebl J. (2012) et al.: D2.9 – Final report on the creation of national gridded datasets, per country.
Jordan R. (1991): A one-dimensional temperature model for snow cover. Technical documentation for SNTHERM.89. Hanover: U.S. Army Corps of Engineers, Special Report 91–16, 49 p.
Olefs et al. (2010): Boundary conditions for artificial snow production in the Austrian Alps. J Appl Meteorol Clim 49, 1096-1113, doi:10.1175/2010JAMC2251.1
Scheppler P. (2000): Schneedeckenmodellierung und Kalibrationsmöglichkeiten für ausgewählte Beobachtungsstationen. Bern: University of Bern, master thesis, 111 p.
Schöner W. and Hiebl J. (2009): webklim.at. Präsentation hochauflösender Klimainformation im Internet am Beispiel von Lufttemperatur, Niederschlag und Schneedecke. Vienna: ZAMG, project report, 36 p.
Steinacker R. (1983): Diagnose und Prognose der Schneefallgrenze. Wetter und Leben 35, 81–90
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CALCULATION OF GLOBAL SOLAR RADIATION

Outline

Global Solar Radiation is defined as the total incoming direct and diffuse short-wave solar radiation (it is mainly composed of wavelengths between 0.3 μm and 3 μm) (FAO, 1998) received from the whole dome of the sky on a horizontal surface.
Global Solar Radiation can be measured with pyranometers, radiometers or solarimeters. In cases where no direct observations are available it can be derived from sunshine duration, cloud cover and/or temperature, on the basis of relatively weak relationships (Ångström, Supit, Hargreavesv formulas).
Calculation methodology

Input:
· accumulated daily records of sunshine duration [hours] at meteorological station level;
· latitudes of the stations (φ in radians);

In CARPATCLIM project where observed global radiation was available at station level, it was used. In the case where only sunshine duration was available, global radiation was calculated using the equation postulated by Ångström (1924) and modified by Prescott (1940) which relates global radiation to extra-terrestrial radiation Ra (known as Angot radiation) and relative sunshine duration n/N. The two constants in this equation depend on the geographic location.


 ,  (1)
where: 
Rs   global radiation [MJ m-2 d-1],
n/N   relative sunshine duration [-],
n   actual duration of sunshine [hour],
N   maximum possible daily sunshine duration (daylight hours) [hour] (2),
Ra  extra-terrestrial radiation [MJ m-2 d-1] (5).

Maximum possible daily sunshine duration (daylight hours) can be expressed by equation (2)

,         (2)
 where: 
ωs  is sunset hour angle (3a or 3b) 


                   (3a)
or 

         (3b)
where ,	
φ   latitude [rad],
δ   solar declination (4),
X = 1 – [tan(φ)]2 [tan(δ)]2 and X = 0,00001, if X ≤ 0.

Conversion from decimal degrees to radians (used for latitude φ) is given by:

.

Solar declination δ can be expressed by equation (4)

,          (4)
where,
J – is the number of the day between 1 (1 January) and 365, or 366 (31 December).

Extraterrestrial radiation Ra [MJ m-2 d-1] is expressed by equation (5)

 ,        (5)
where
Gsc – solar constant = 0,0820 [MJ m-2 min-1],
dr   inverse relative distance Earth-Sun (6), 
ωs   is sunset hour angle (3a or 3b), 
φ   latitude [rad],
δ   solar declination  (4).

Inverse relative distance Earth-Sun is expressed by equation (6)

 ,        (6)
where 	
J – is the number of the day between 1 (1 January) and 365, or 366 (31 December).

Output:
- daily (sums) global solar radiation [MJ/m2/day] interpolated into grids (0.1°x 0.1° DD (≈10x10km)), covering the 1961-2010 time interval ;

References:
Ångström, A, 1924. - Solar and terrestrial radiation. Quarterly Journal of the Royal Meteorological Society, 50:121-125.
Prescott, J.A., 1940. - Evaporation from a water surface in relation to solar radiation. Transactions of the Royal Society of South Australia, 64:114-118.
Allen, R. G., Pereira, L. S., Raes, D., Smith, M., 1998. -  Crop Evapotranspiration. Guidelines for Computing Crop Water Requirements.  FAO Irrigation and Drainage Paper 56. FAO, Rome.
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