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Abstract

Climatology and weather forecasting are important since they help to determine
future climate expectation. They are important to most aspects of day to day life,
including aviation, boating, other modes of transportation, farming, tourism, health
care, sports, etc. Many software models exist for modeling and forecasting the weather.
The weather prediction is very complex and needs in a lot of observational data. In the
weather forecasting domain Armenia as a developing country gets much of the
forecasting data from outside resources, and moreover, not all observation stations in
Armenia provide daily observation data and they are not integrated into the global
forecast systems. That’s why the data assimilation techniques exist for making small
corrections to a short-range forecast.

In this paper an automation script is introduced which in easy and user-friendly
way generates a LITTLE_R format ASCII files from station observations SYNOP
code, which is necessary for data assimilation WRFDA system in WRF model.

Keywords: data assimilation, automation, big data analysis, wrfda, synop,
little_r

1. Introduction

In recent years the area of the weather forecast is growing very fast and in parallel with the
computer technologies the different models are getting more accessible [1]. Numerical weather
prediction (NWP) based on current weather predicts the weather using different mathematical
models of the atmosphere and oceans. NWP focuses on taking current observations of weather and
processing these data with computer models to forecast the ongoing state of weather. As the
numerical computer models processing the initial data it is important to know the current state of
the weather. Data assimilation is a process which produces outputs of precipitation, temperature
and a lots of other meteorological elements from the oceans to the top of atmosphere as an input
serving on the current weather observations. A number of global and regional forecast models are
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run in different countries worldwide, using current weather observations relayed
from radiosondes, weather satellites and other observing systems as inputs [2].

The mesoscale WRF model is specialized to the territory of Armenia and used for exploitative
weather forecasting. One of the programs of the model is the WRFDA data assimilation system,
used for making small corrections to a short-range forecast.

2. Tools and Definitions

2.1. Weather Research Forecast (WRF)

The weather research and forecasting (WRF) model is an NWP system and a set of software and
tools, designed to bestead both atmospheric research and operational forecasting applications [3].
WREF features two dynamical (computational) cores, a data assimilation system, and a software
architecture allowing for parallel computation and system expansibility. The model used in a wide
range of meteorological applications across scales ranging from tens meters to thousands of
kilometers. It includes the following features:

= Meteorological studies

» Real-time NWP

= |dealized

= Simulations

= Data assimilation

= Earth system model coupling

= Model training and educational support

In National Centers for Environmental Prediction (NCEP) and other national meteorological
centers WREF is currently in operational use. In many laboratories, universities and private
companies WRF model used in real-time forecasting configurations.

2.2. Data Assimilation - WRFDA System

Data assimilation is the technique by which observations are combined with an NWP product
(the first guess or background forecast) and their respective error statistics to make small
corrections to a short-range forecast (background), which is assumed to be good, to produce a
model analysis. Variational (Var) data assimilation achieves this through the iterative
minimization of a prescribed cost (or penalty) function. Differences between the analysis and
observations/first guess are penalized (damped) according to their perceived error.

The WRFDA system is designed to be a flexible, state-of-the-art atmospheric data
assimilation system that is portable and efficient on available parallel computing platforms (Fig.
1).
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Fig 1. WRFDA system in WRF model.

WRFDA is suitable for use in a broad range of applications, across scales ranging from
kilometers for regional and mesoscale modeling to thousands of kilometers for global scale
modeling [4]. The OBSPROC program of the system reads observations in LITTLE_R format. It
ingests multiple types of observations that are converted to LITTLE_R format and concatenated
to one file, process the observation data and output the ASCII file(s) suitable for WRFDA needs
—3DVAR, FGAT (First Guess at Appropriate Time), 4DVAR.

The current script is mainly used for the 3DVAR system the basic goal of which is to seek an
optimal estimate of the true atmospheric state at the time of analysis.

23.LITTLE_R

LITTLE_R is an ASCII-based observation file format. Because of many possible formats of raw
observation data files such as ASCIl, BUFR, PREBUFR, MADIS and HDF, LITTLE_R is
designed to be an intermediate format so that WRFDA might be able to assimilate as many
observation types as possible in a universal manner [5]. The report-based file format allows to all
manner of observation types to easily combine together into an easy-to-read and edit text file.

It consists of reports. These reports are composed of sections: a header, the data itself, and
three tail integers. Header is a single line located in the first line of each observation and contains
information about their observation location, type and other fields. Data section comes after header
section and it may contain multiple data records which usually correspond to the multiple vertical
levels data for a single observation depending on the observation type. In case of FM-12 type of
observation in Armenia the data section contains one row. For all observation types, after data
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record(s), the single line ending record comes and for OBSPROC program the height and pressure
fields must have a fixed flag value “-777777.00000”. The tail integers are used by OBSPROC
program to decide which observation to keep if two identical observation types are at identical
places and times.

As the LITTLE_R is not used only for OBSPROC/WRFDA, but also for the other programs,
there are many unused or missing fields which must be filled with missing flag value (for most of
fields it’s “-888888.00000) to indicate that that value does not exist.

2.4. SYNOP Code

SYNOP (surface synoptic observations) is a numerical code called FM-12 by WMO used for
reporting weather observations made by manned and automated weather stations [6]. A report
consists of groups of numbers describing general weather information, such as the temperature,
barometric pressure and visibility at a weather station. SYNOP reports are typically sent every
three hours.

3. Automation Script

The script is written in Python programming language. The structure is designed to be similar to
the WRF model programs: properties are provided via configuration file called “namelist”, which
is used for main executable program. It contains 2 sections: input and output. The input section
contains “stations_file” (path to the stations CSV file) and “synop_file” (path to the file containing
the SYNOP code) parameters. Stations CSV file must contain the following required fields:
[station WMO number], [name], [elevation], [latitude], [longitude] (see Fig 3).

37609;Ashotsk;2009;41,029444;43,876389
37618;Tashir;1502;41,123333;44,28
37626;Bagratashen;453;41,25;44,819722
37627;0dzun;1200;41,059167;44,613611
37682;Amasia;1876;40,96;43,78

Fig 3. Stations CSV file.

SYNOP code files must contain sections, each one has a date time in the first row and is
followed by code information row for each station (see Fig 4).
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00:00 June 01, 16

37875 326// 70301 10133 20092 38988 48482 51001 86930 555 10013=
37792 32998 00000 10047 20033 38224 48488 54000=

37682 32597 33402 10069 20064 38106 48487 53002 81940=

37686 32999 00000 10066 20038 38455 48484 52001=

37801 325// 53501 10154 20042 38010 48472 54000 85300=

37950 323// 80701 10072 20045 38153 48494 52003 885//=

37895 42996 62001 10123 20099 39173 48114 52004 86080=

Fig 4. SYNOP code file.

Output section contains “prefix”” parameter, which is used in the name of the generated LITTLE_R
files.

For using the program at first configuration parameters in “namelist” file must be set with the
corresponding values and after that running the main file run.py with python will generate
LITTLE_R file(s).

In the case of Armenia the daily report of land station records contains 8 groups of
information. Each group contains observation of fix time and the interval between those times is
3 hour. Each LITTLE_R file may contain information of many stations observations but for the
same date time. So for each daily report the script generates 8 LITTLE_R format files.

4. Conclusion

The provided automation script makes simplify the work of the climatologists by using a user
friendly approach obtain the observation data in LITTLE_R format, which are ready to be used as
an input for WRF model WRFDA system. In the future it’s planned to implement this script
through a web-based platform of the weather forecast system.
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Udunnduwnugdut ugkttup WRF Unnbjh wmfjuikiph
wuhuhjughwjh hwdwlupgh hwdwp

Z. @phgnjute

Udthnthnid

U1 hdwymghwunipiniip b tnubwluyht juthwnbuncdp juplnp By, pwtth np ogunid
Et npnol] wyuwqu Yihduwgh wwywunidubpp: Lpwtp Jupbnp G wnopju Yjwiph
puquuphy nnpunutpnud, wn pynid wdhwghuyh, twjwuqtwugnipjul, nputuynpunh,
gniquunbnbunipjul, qpnuwopenipjul, wnnnowwwhnipjul, uynpnh b wyjk: Unju
ki owwn Spwgpuyhtt Unphjubp Enwbwlh dnpbjuynpdwt b jutppwnbudwt hwdwp:
Bnuwtwlh jutjpunbunidp g pupy £ b wwhwbonid £ own ghinnpuljut nndjuyubkp:
Zujyuwuwnwlp, npybu qupgugnn btphhp Eqwbwluhtt jubtwnbudwt njnpund,
jutpwnbudwt njjujukph dbké dwult ogunuugnpénid £ wpnwphtt nkuniputiphg:
Thunppulut Juyutubtph dhuyt pwwnn phsy dwub B wpudwnpnid  wdkbopju
nhunwpldwt ndjujubpp wyn hwdwyowphwhtt jutpwnbudwt hwdwljupgbpht:
Ldwbwwnhy nphwypkph hwdwp gonipmnit mbbkt  wjjuiiph wuhdhjughwjh
hwdwlwpgtp, npntp twpwwnbuquws i Jupdwdwdljbn  hEkpwblwupnid  thnpp
nipnnidubp juwnwpbine hwdwp:

Uju hnnJuénid ukpluyugdwsé Eudunndunwugdw ugktiwp, npp htipn b hwpdwp
oquuuugnpduwi dAiny unbndmd t LITTLE_R $npuuinny ASCI $uyjkp oqunugnpstyng
Juywuubph nhnnwpynidutph SYNOP Ynnp, nptt wmthpwdtown £ WRF Unnkjh wndjujubph
wuhuhjughwyh hwdwp WRFDA hudwljupgnid:
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CKpunT aBTOMATH3AUH 1JIS1 CUCTEMbI ACCUMMJISIIIM U
TaHHBIX Mojaeau WRF

A. I'puropsin
AHHOTANUA

Knumaronoruss m mOpOrHO3UPOBAHUE TOTOJbI BAKHBI, MOCKOJIbKY OHH IOMOTAlOT
OTpeAeuTh Oyaylme KiIuMaTHdeckue okugaHus. OHU BaKHBI NI OOJIBIIMHCTBA aCIEKTOB
MOBCEIHEBHOW W3HU, BKJIIOYAasl aBUAIMIO, IJIaBaHUE, APYrME€ BHUIbI TPAHCIOPTA, CEIbCKOE
XO034UCTBO, TYpPU3M, 3/IpaBOOXpaHEHHE, CHOPT M T. JA. MHOrue MojAenu NPOrpaMMHOTO
obecreueHnst CyIeCcTBYIOT JIJIsl MOJICTUPOBAHKS W TIPOTHO3UPOBaHUs Moroibl. [IporHo3 moros
OUCHb CJIOXHBIM M HYXKJIAeTCs BO MHOXKECTBE HaONIONaTeNbHBIX JaHHBIX. B oOmactu
MIPOTHO3UPOBAHUS TOTOABI APMEHUS, KaK Pa3BUBAIOIIASACS CTpaHa, MOJydaeT OOJBIIYI0 4acTh
JTAHHBIX TIPOTHO3WPOBAHUS M3 BHEIIHUX MCTOYHHKOB, M, KPOME TOTO, HE BCe HAOIIOJATENbHBIC
CTaHIIMU B APMEHHH MPEAOCTABIIIOT €)KETHEBHBIC IaHHBIC HAOJIOICHNU, 1 OHU HE HHTETPUPYIOT
WX B TNI00ATBHBIC CUCTEMBI IIPOTHO30B. BOT moueMy CyImIecTBYIOT METOIbI ACCUMUIISIIIUU TaHHBIX
JUISl BHECEHUS HEOOIBIIIMX MTONMPABOK B KPATKOCPOYHBIN MTPOTHO3.

B 3T10if cTarhe mpeacTaBieH CKPUIIT aBTOMATHU3AI[MH, KOTOPBIA JIETKO U YIOOHO CO3/1aeT
daiiner ASCII popmara LITTLE R u3 kona nadmonenuii cranmuu SYNOP, yTo HeoOx0oaumo st
cucrteMbl accuMmauy JaHHeIx WRFEFDA B WRF-Monenn.



