Using the grid infrastructure in weather prediction: the WRF-ARW model 
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Abstract - In this work the application of the Advanced Weather Research and Forecasting (WRF-ARW) model on the Grid infrastructure will be presented. Using WRF-ARW model and Grid infrastructure is very important to achieve a good weather forecast for small and large regions, but also it’s better to understand how weather behaves in very complex situation or weather conditions. These conditions can be more complicated and depend on local terrain, for example “Foehn effect” and local extreme situation, like as thunderstorm in Banja Luka has occurred last summer. The weather forecast is often very complicated and often mistaken due to local terrain conditions or global synoptic situation. 

I. INTRODUCTION

The aim of this work is to present how the using GRID infrastructure is very important for computing and achieving better performances and results in numerical weather forecast and modeling.  In this work it will present two examples of meteorological events concerning. The first one is an example of increasing of temperature using WRF-ARW model in high resolution. It will be present how the different resolutions of the model outputs show the different results. Also, it will be shown how local extreme situation, like as thunderstorm in Banja Luka has occurred last summer, without a clear weather forecast outputs. 

II. WRF-ARW MODEL AND ITS IMPLEMENTATION ON GRID

The first model runs were performed on a single core desktop PC. This was to slow in the execution time and storage capacities that it was used only for testing purposes. The second stage was running the model on the small local cluster with relatively slow interconnection. This was the first usage of the model for the official operational forecast in BiH but also too slow for the fine resolution forecast as it’s used in today’s forecasting. The final solution for the weather prediction in BIH is to use SEE-GRID infrastructure. The WRF execution on the grid is divided into three different stages: 

pre-processing

core model execution and 

post-processing. 

After downloading and preparing model input data; geographic data and boundary conditions data, the second step is running of the model on the some grid Computing Element, and the third step is managing the model output data. Execution scripts are sent to the grid CE, download necessary model input file and binaries and start model execution. After model execution is finished all results are stored on the grid storage elements from where users can download data directly to the UI node or local computers. Operational mode is designed and adjusted to be simple as possible and doesn’t need much of user intervention for everyday automatic executing.  Users have to adjust all model variables in namelist files while start and end date are set automatically (start date is set to current date).  When executing in operational mode the input boundary condition data are downloaded automatically from NCEP server on grid CE and the user’s voms proxy certificate is created automatically. An example of starting operational forecast, using 16 processors, with the simulation time of 48 hours (2 days weather forecast) and “BIH” region:

$wrf-submit–m o –r BIH –p 16 –l 48                            (1)

Here is one example list of locations where we are running the model and implementation on the GRID:

Location: Bulgaria


Name: BG03-NGCC
Operating system: Scientific Linux 4.6
Middleware Software: gLite 3.10
Batch System: torque 2.1.9, maui
Number of worker nodes: 200
Storage type: SATA, RAID 5, d Cache
Storage size: 5700 GB
LAN connection: 1000 Mbps (1Gb)
WAN connection: 500 Mbps
Information for one worker node
Architecture: Intel x86_64
Operating System: Scientific Linux 4.6
CPU:   Xeon
RAM: 16384 MB
Storage: 250 GB
Middleware: gLite 3.10

III. USAGE OF WRF-ARW MODEL IN ANALYSE OF SPECIFIC METEOROLOGICAL EVENTS

“Foehn effect”

Foehn“ or “Föhn” (German) effect implies the meteorological process related to orographically forced rising and sinking, and associated dry and wet adiabatic cooling and warming. The basic condition leading to a „Foehn“ process is a flow perpendicular to a mountain range. When the air masses approach to mountain chains, it has to be raised and forced by chains, cooling on dry-
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Fig. 1. „Foehn effect“ - vertical cross view (copied from http://www.klett.de

 HYPERLINK "http://www.klett.de/"
).

adiabatic until saturation, after that cooling on the moist-adiabatic loosing much of its humidity by precipitation and, finally, descending (warming) but this time on dry-adiabatic.

The air masses begin more warm, dry and sometimes with very strong wind than the cooling during ascent. This meteorological phenomenon and these conditions have been observed in several regions in the Europe, but also in Bosnia and Herzegovina. The well known region in Bosnia and Herzegovina affected by this effect is western part of this country, precisely region around city of Banja Luka, Bihać, Ribnik and Mrkonjić Grad. Banja Luka is city on the northwest part in Bosnia. In several times Banja Luka was the warmest city in Europe, especially in the winter or autumn, but often in the summer, because of  Föhn effect. This phenomenon in Banja Luka observed in history many times, since 1957, when data recorded. These data show that the „Foehn effect“ is similar to occur in Banja Luka and other places, above mentioned. Banja Luka is situated in the Vrbas river valleys at a height of about 150 meters. Although the outputs from a few numerical weather prediction have done different prediction's parameters, especially in small resolution of model (30 and 10 km) as temperature as wind, it's occurs total opposite. So, it's evident that this happens, particularly because of the direction of this valley (SW-NE). Often, these changes or wrong results from models have been done many problems for local meteorologists or experts.

Therefore, using WRF-ARW model and the Grid infrastructure is very important to achieve a good weather forecast in BiH for small and large regions, but also it’s better to increase resolution of numerical weather prediction model because of this orographical obstacle and geographical terrain. 

In this work the very best challenge is to run WRF-ARW model in finer resolution and to attempt execute many of these situation from the past or history. After these simulations it's crucial important studying of eventual extreme situation and invention that event. Probably, in finer resolution it's possible that this effect could occur, especially, in the field of temperature and wind, on the different level of atmosphere. 

We have analyzed the data in history database and we have found several specific days with „Foehn effect“. Using grid infrastructure above mentioned we run these examples and here are some results of WRF-ARW model referring to some situation in the past.  

We noticed and inspected two significant event concernig „Fohn effect“. On the next pictures it’s clear an positive trend of temperature at 2m, in 12.00 (UTC) and 00.00 (UTC) o’clock during the day. It’s important to emphasise an complet agreement or correlation of temperature and position of mountains situated south – west from Banja Luka. Further, following figures are in link with the wind at a hight of ten meters and at hight of 850 mb (hpa). It’s clear that strong southwestern wind on surface is more intensive in front of mountains. Data recorded in meteorological station Banja Luka on this day are showing also this trend, but more intensive, causing a „Foehn effect“. Therefore, using model with smaller resolution, these evident trend hasn’t been noticed. Figures show smaller temperature in other regions of BiH. As pictures shows, there is a complete agreement between the temperature at 2m and the wind at 10 m.
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Fig. 2. Temperature at 2m.
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Fig. 3. Wind at 2m.
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Fig. 4. Temperature at 2m and wind at 10 m.
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Fig. 5. Temperature at 2m and wind at 10 m. 

Furthermore, it’s observed a significant difference in 2m temperature on figures above between the eastern or southeastern part and western part of Bosnia and Herzegovina although many stations are situated in the same haight or position. Also, figures and analyses of data shows that temperature encreases after an obstacle or mountains situated on the southeastern region from Banjaluka, very significant in Banja Luka and in places on the northwest side from this city. 

Banja Luka, 29 august 2009

Banja Luka is recognized in past recently by extreme weather event such as local thunderstorm followed by an extreme trend of temperature and wind, extreme amount of precipitation and inappreciable consequences. One situation refers to this happened in last august. On August 29 last year Banja Luka was affected by one weather disaster with very severe consequences. This happened during the day in 3 pm o’clock. None of numerical models used with small resolution didn’t show any parameter for this thunderstorm and hailstorm followed by very strong northwest wind, large amount of precipitation (100 l/m2 per one hour, see figure) i.e. floods, hailstorm and very strong (see figures).This amount is the largest amount of precipitation ever measured during the one hour (data series 1957-2009).

Fig. 6.  Ombrograph record (29/08/2009_13.00 UTC).

The problem was in forecast for this event. No one numerical forecasting weather model has not been recorded and predicted this extreme situation. Especially, each model with small resolution, hasn’t predicted this intensive thunderstorm.  After this, we ran WRF-ARW model with finer resolution and we noticed small change, but very important. As shown bellow it seems that an extreme weather conditions for that day could be done predicted, but in less scale and intensity. Therefore, we ran inputs for this event using grid clusters (infrastructure) and noticed some outputs for this forecasting day. Here are some figures confirming advantages of usage model with finer resolution (1 and 3 km). It’s clear indicators for this storm (precipitation and reflectivity).
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Fig. 7. Precipitation (mm), 2009/29/08 1500 UTC.
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Fig. 8. Reflectivity (dBz) 2009/29/08 1600 UTC.

In the end, here are some descriptive pictures for this disaster event.
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Fig. 9. Thunderstorm in Banja Luka

IV. CONCLUSION

Using WRF-ARW model and the Grid infrastructure is very important to achieve a good weather forecast in BiH for small and large regions, but also it’s better to understand how weather behaves in very complex situation or weather conditions such as „Foehn effect“ or storms above mentioned. Due to topographic complexity of BiH, model has been sophisticated to the finest resolution, which results even bigger hardware demands and drastic increase of time needed to calculate forecast, so it became impossible in real time to get forecast using local infrastructure.  After a while SEE-GRID project get involved, it attained access to allot bigger resources, possibility of using more processors, storage capacity for saving data and at the and  provide quicker, more detailed and accurate weather forecast and analysis.
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