S-13-D Analysis withARPS Data AssimilationSystem: ADASVersion 2.31. Analysis ProgramThe analysis program of the ARPS Data Assimilation System, ARPSDAS, orADAS, interpolates observations onto the ARPS grid, combining the observedinformation with a background field. The background field can be providedby any of the ARPS initialization methods, for example from another ARPSfile or from a single sounding. Typically, the background comes from alarger-scale model, by means of an ARPS file created by the external fileconversion program, EXT2ARPS. This section describes the analysistechnique in ADAS, how to use ADAS, and the parameters in the ADASnamelists.While many operational centers have used a Statistical (or Optimal)Interpolation scheme (OI), Bratseth (1986) has shown that an iterative schemewill converge to OI. An iterative scheme can offer computational savings inthat large matrix solutions need not be found. Balancing and other adjust-ments can be made at the end of each iteration to control stability and otheraspects of the evolving analysis. More detailed data can be introduced after afew iterations using broad-scale data. Finally, iterations can be interspersedwith model time-steps to form a dynamic initialization (nudging) process.Like the OI scheme, the Bratseth interpolation method accounts for therelative error between the background and the error in each observationsource, and is relatively insensitive to large variations in data density. Thistype of scheme has been used successfully in research (e.g., Sashegyi et al.,1993) and operational mesoscale modeling (e.g., Lorenc’, 1991, Brewster,1996).In ADAS, five variables are analyzed on the ARPS sz coordinate: u and vgrid-relative wind components, pressure, potential temperature and RH*. RH*is a moisture variable analogous to dew-point depression:

RH* = RHmax − RH

where RH is the relative humidity and RHmax is the maximum relative hu-midity allowed (usually set to 1.0, though some might want to allow a greatervalue, for supersaturation). RH* is selected over specific humidity due to thenon-linear change in saturation specific humidity with height -- small abso-lute changes in surface specific humidity can cause unrealistic relative

Supplement 1: ADASCAPS-ARPS Version 42changes aloft in the 3-D observation weighting. Other variables could beadded with straight-forward modification to the code.The vertical velocity, w, is diagnosed from the horizontal winds, continuity,and a constraint that the wind velocity normal to the bottom (terrain) andeither the top of the model domain or the bottom of the Rayleigh dampinglayer (zbrdmp) be zero. Any inconsistency between these constraints and theanalyzed velocity field is resolved by distributing the apparent error in thehorizontal divergence with height (using options defined by the input pa-rameter obropt), and the w field is adjusted after that error is removed. Afterw has been found for each column, the horizontal wind fields are relaxed withthe condition that the total mass divergence is zero everywhere. This is tohelp ensure a smooth start for the ARPS model.Observed data are classified into four types, 1) single-level observations, typi-cally surface observations, 2) multiple-level observations or upper-air (ua) ob-servations (such as rawinsondes and wind profilers), 3) raw Doppler radar ob-servations, and 4) radar-retrieved data, observations obtained from retrievalalgorithms which use a time-sequence of Doppler radar data to deduceCartesian wind components, temperature and pressure. Each observation typehas its own data arrays. The user will need to know how many observationsare available and adjust the array dimensions (in file arpsdas.inc) to provideample space. Routines for reading sounding, wind profiler and surface obser-vations in LAPS format (as are archived for the 1994 and 1995 VORTEXfield project) have been implemented. Other sounding and surface datasources can be added easily. Raw radar data (Doppler winds and reflectivity)must first be averaged into data "columns", by using the programNIDS2ARPS (for NIDS data) or REMAPARPS (for WSR-88D data).Upper-air observation error is specified as a function of height, and is read-infrom tables, one per input data source. Tables for US rawinsondes, windprofiling radars, and radar-retrieved data are provided with the official code asfiles, raoberr.tab, proferr.tab, and retrerr.tab, respectively. Other observationerror information is contained in data statements in the declaration section ofarpsdas.f.Users wishing to use data types not supported by the official code can add ob-servation "sources" to the code. Each source carries its own error characteris-tics, which would have to be specified. Also, reading routines would have tobe added that would append the new data to the arrays of data already read-in.Many aspects of the analysis are controlled by parameters specified throughnamelist input, in special namelists following the mandatory ARPS namelistsin the ARPS input file. ADAS uses the same input file as the ARPS model,which facilitates building companion input files for analysis and model inte-gration. A description of the ADAS namelist parameters is provided in thetable at the end of this section. The namelist items that are specific to themodel time-integration (such as the time step, turbulence parameters, etc.)have no effect on ADAS, but ADAS does rely on the ARPS namelist parame-ters for grid specification, time, and terrain.Among the ADAS input parameters is the scaling distance for the correlationfunction; it is set as a function of the iteration index. This allows one to direct

Supplement 1: ADASCAPS-ARPS Version 43the analysis to correct large-scale errors first, then reduce the scale and addhigher resolution data with subsequent iterations. Also, the scaling distancemay be set to be different for each analysis variable, as one may wish to ana-lyze humidity at a smaller scale than pressure, for example. A target scalingdistance (variable named range, given in meters) is specified, and all otherdistances are specified as a fraction of that distance. For example, the firstpass default is 2.0 times range, and the correlation distance for humidity is 0.9of that. Further hints on setting parameters will be discussed in the "Tips"section2. Theoretical FormulationADAS uses a successive correction scheme, known as the Bratseth method,which is described in this section, (largely following Shashegyi et al. , 1993).The variable, s, is analyzed at grid points x using observations soj. Foriteration n:

sx n( ) = sx n − 1( )+ α xjj=1nobs∑ sjo − sj(n − 1) [ ]

(S1.1)where the same equation has been applied at the observation locations, i, toarrive at the analysis at those points for the priveious iteration, si.:

si n( ) = si n − 1( )+ α ijj=1nobs∑ sjo − sj(n − 1) [ ]

(S1.2)where

α xj = ρ xjmj

and

α ij = ρ ij +σ n2δij ( ) mj

(S1.3a,b)are the weights applied to each observation. In Eq. S1.3, sn 2 is the ratio ofobservation error variance to background error variance which and dij is theKronecker delta; it is zero unless i=j, when it is unity. The spatialcorrelations, r, are modeled as Gaussian:

ρ ij = exp − rij 2 R2 exp − Δzij 2 Rz2

(S1.4)where rij is the horizontal separation of each data-to-grid-point pair for Eq.S1.1 and each data pair for Eq. S1.2, while Dz is the vertical separation. Theweights have been normalized by the density of observations around eachobservation location:

mi = σ n2 + ρ ijj=1nobs∑

(S1.5)Note that on the initial pass, n=1, the analysis at the observation locations,soj(0), is given by a tri-linear interpolation of the background field.An option is provided to analyze data more in the fashion of an isentropicanalysis. This option models the vertical correlation as a function of differ-ence in potential temperature rather than height:

ρ ij = exp − rij 2 R2 exp − Δθij 2 Rθ2

(S1.6)In order to speed convergence, the horizontal correlation distance factor, R, isgenerally reduced from pass 1 to 4.

R(n) = κnκvRo

(S1.7)For example,

κn = 2.0,1.0,0.8,0.4 ( )

and kv represents the difference in the correlation model among the variables,allowing for shorter correlation distance (kv=0.9) for moisture, for example.3. Treatment of Doppler Radar DataThe Doppler radial velocities are converted to increments to the u and v windcomponents by subtracting the observed radial wind, vr, from the dot productof the analysis wind and the observing angle (radar azimuth). The imputedcorrection is assigned a direction parallel to the azimuth, i.e.

u'j x,y,ϕ

( ) = cosϕ vr j − cosϕ u(x,y)+sinϕ v(x,y) ( ) [ ]

(S1.8)

v'j x,y,ϕ

( ) = sinϕ vr j − cosϕ u(x,y)+sinϕ v(x,y) ( ) [ ]

(S1.9)The covariance between two Doppler radial winds requires special treatmentin that the correlation between two radial wind observations is affected by theazimuth angle separation between the data. As described by Cole (1994),

cov si,sj( ) = cos ϕ i − ϕ j

( ) var si( )var sj( )

[ ]ρ rXi, rXj( )

(S1.10)

Supplement 1: ADASCAPS-ARPS Version 45So, for example, if radial velocities at a given point are available from tworadars observing perpendicular to each other, the covariance model correctlyindicates the observations are not correlated.Similarly for mixed data types, the covariance is reduced from that of twocomplete wind observations:

ui',uj'

( ) = cos ϕ i − π 2 ( ) var si( )var sj( )

[ ]ρ rXi, rXj( )

(S1.11)and

vi',vj'

( ) = cos ϕ i( ) var si( )var sj( )

[ ]ρ rXi, rXj( )

(S1.12)Where ui’ and vi’ are increments from a radial wind observation and u j ’ and vj’are from a complete wind observation (e.g., an anemometer or a rawinsonde).Besides the wind corrections, observations of high relative humidity are intro-duced where the radar reflectivity exceeds a certain threshold (set by sourcecode parameter ). These relative humidity observations are used in the objec-tive analysis, causing them to be spread somewhat from their observationpoint (these data should be applied only in iterations where k*range is appro-priately small). This helps to "prime" the atmosphere in and near rainfall ar-eas, providing the ingredients the model needs to spin-up and maintain precip-itation.More complex means of dealing with Doppler radar data include dual-Dopplerwind algorithms and Doppler retrieval schemes. The Doppler retrievalschemes employ a time-sequence of radar-observed winds and reflectivity todiagnose the total wind field as well as temperature and pressure information.Wind data generated in any of those manners would be ingested by ADASthrough the radar-retrieval-data arrays and aren’t subject to this specialtreatment. Other codes are available from CAPS to generate dual-Dopplerand radar-retrieved data.4. Microphysical Adjustments Using Radar DataA means of adjusting the model’s microphysical variables (cloud water andice, rainwater, snow and hail) and/or relative humidity based on radar data isprovided by subroutine RADMCRO. The modification of the microphysicalvariables is based on locally observed reflectivity (no spreading of the effectvia analysis). At each grid point, if there exists a radar column within thethreshold distance, �(dx2 + dy2), where dx and dy are the grid spacing in the xand y directions, the reflectivities in that column are compared to thresholdsfor increasing water vapor, cloud water and/or rainwater (specified in theinput file by parameters radqvopt, radqcopt and radqropt , respectively). Ifthe reflectivity is greater than the threshold (refsat or refcld), the water vaporor cloud water variables at the grid point at the level nearest the datum areadjusted. The amount of relative humidity in clouds is specified by inputvariable rhrad.. The amount of cloud water applied is a fixed value (inputparameter cldrad) or while the rain water, snow and hail are determined from

Supplement 1: ADASCAPS-ARPS Version 46a function of the reflectivity. The function is the inverse of that used forplotting reflectivity based on model-produced rainwater, snow and hail. Sincethis function can produce large amounts of rainwater at high reflectivities, theuser is given the option of applying a fractional amount of the rainwater (inputparameter cldsetrat) and/or limiting the maximum reflectivity value used inthe parameterizing equation (input parameter cldreflim).Finally, since the radar typically only samples a few heights over eachhorizontal grid column, if there are two observed points within a certaindistance (input file parameter dzfill) of each other in the vertical, themicrophysical variables in that column are filled-in between those twoobservations. All microphysical adjustments are not allowed if the grid pointis below a specified ceiling (cloud base) limit above ground level. The ceilinglimit is specified as a fixed value, ceilmin, or is determined from the LCL of asurface parcel (when ceilopt=2). This is to help prevent ground clutter and/ornon-precipitation echoes from creating spurious clouds or rain.One risk of adding rainwater is that the vertical velocities initialized at thelocation where rainwater is added genrally will not support the rainfall, hencethe model may create a downdraft (due to the weight of the rainwater) in anarea where positive vertical velocity likely exists. It is thought thatintroducing high relative humidity might help induce condensation processeswhich in turn would produce latent heat release (adding buoyancy) in additionto the creation of cloud and rainwater. Alternatively, additional buoyancy canbe added at the analysis step by means of input parameter radptopt. If thebuoyancy balances the additional weight from the cloud and rainwater, theair/water mixture will be initially neutral and initial acceleration determinedfrom other factors. However, the microphysical parameterizations in themodel will cause the water itself to fall at its terminal velocity. If no morecondensate is produced, the precipitation will entirely fall out.Testing at CAPS is currently exploring various combinations of all theseparameters. The best combination may vary depending on whether the modelis begining for a cold start, or updates are being made via an intermittantassimilation cycle.5. Complex Cloud AnalysisA module is included in ADAS to do a complete cloud analysis using surfaceobservations of cloud cover and height, radar and satellite data (Zhang et al.,1998). The procedure and code were adapted from the cloud analysis of theLocal Analysis and Prediction System (LAPS, Albers et al., 1996) developedat the NOAA Forecast Systems Lab. In ADAS, you can select which of thevariables from the cloud analysis contribute to the final output file, and youcan control the thresholds applied to radar data. Some of the same concernsabout inserting microphysical variables raised in the previous section apply tothe variables determined from the cloud analysis. The cloud analysis uses itsdetermination of the cloud type (stratus, stratocumulus or cumulus) toestimate in-cloud vertical velocities. Tests using the ARPS model have shownthat vertical velocities determined in this way generally do not last long in themodel as the model forcing overwhelms the initial state. Since these initialvelocities can trigger condensation in regions of conditionally unstable airmasses, there is a risk that the initial vertical velocity can trigger convection,

Supplement 1: ADASCAPS-ARPS Version 47convection that is sometimes spurios due to incorrect cloud typedetermination. For that reason, use of the cloud vertical velocity forinitializing ARPS is not recommended (cldwopt=0 is recommended).The complex cloud anlaysis is called after the RADMCRO routine and thetwo work independently, so the user has the option of using cloud water fieldsfrom the cloud analysis and rainwater fields from the radar data, for example.6. Automated Data Quality ControlADAS includes a few quality-control steps. The surface data are pre-analyzedto compare with each other, and data are rejected if the pre-analysis of neigh-boring observations differs significantly from the observation. Other data arequality-controlled by comparing the observations to the background field in-terpolated to the observation site. Thresholds of allowed differences from thebackground are set fairly high (in the data error tables provided) to allow forinstrument error and errors in representativeness. Representativeness error isespecially important in the case of radar data being compared to large-scalegridded forecasts. Statistics are reported in the standard output showing thenumber and percentage of data points rejected in this manner.Also part of the quality control system is a means to manually exclude data atspecified surface stations. This is useful for manual editing and for real-timeuse when there may be stations that regularly have grossly unrepresentativeobservations or instrument faults. A file is read containing a list of stationsand variable numbers which are excluded from the analysis (they are flaggedas rejected by the quality control). The file is named blacklist.sfc. At thistime the blacklist procedure is only implemented for surface data.7. Steps to Run ADAS¥ obtain raw data, reformat into LAPS-formatted ASCII files using theFORMAT statements in the source for the various reading routines as a guide,or contact CAPS for examples of data files. Contact CAPS for information onprograms to process NIDS or WSR-88D radar data into the ADAS format orfor information on radar retrieval programs.¥ create background file (generally using EXT2ARPS or an ARPS forecast)¥ edit dims.incSpecify the ARPS dimensions -- must match those used in EXT2ARPS if thatis what created the background file.¥ edit arpsdas.incSpecify the size of each of the data categories. Specify dimension as 1 (one)for unused data categories to save memory. Its OK to have unused arrayspace, counters keep track of how much data has actually been ingested.¥ makearps arpsdas¥ edit arps.input

Supplement 1: ADASCAPS-ARPS Version 48Edit the namelist variables controlling the ARPS grid, ADAS control, andoutput naming and formatting. Be sure to specify the proper directory and filenames for input of the background field and terrain.¥ arpsdas < arps.input >! adas.out¥ examine output file and ARPS gridded data file using ARPSPLTThe gridded-data output file will be named according to the input parameterrunname and the history file options.8. Tips on Setting Parameters and Running ADASUse the instructions for initializing the ARPS model to initialize the back-ground fields for ADAS. If you’re using an ARPS file (from an ARPS fore-cast or output from EXT2ARPS), use initopt=3 and specify the file usinginifile and inifmt.When specifying the names of the sources and source error files in the inputfile, keep in mind that these items are indexed by source

, and not by data

file .That is the number of data sources need not correspond to the number of files,as some files (such as the surface data files) contain more than one source, andat the same time, it is common to use multiple radar files but they all mightcome from a single source.It is common to have xyrange decrease gradually with each pass. Executiontime will be saved if you introduce dense data (such as radar data) only afterfirst doing iterations to correct the broader scale errors. It is wise to dropcoarsely spaced data when xyrange is dictating a correlation range smallerthan the average spacing of the data. This prevents the drawing of bullseyesaround ioslated stations. The inclusion/exclusion of data types is controlledby switches in the input namelists. See the description of usesng, useua,userad, and useret in the table.When the data are very dense, such as a radar data set containing on the orderof 104 data points, execution time can become long. Using a cut-off radiuscan prevent the execution time from becoming excessive. The cut-off radius(distance beyond which a data point has zero influence) is controlled by theinput parameter wlim. This parameter is the least value of the correlationfunction that is allowed, so that a smaller value of wlim will yield a larger cut-off radius. Setting wlim to 10-3 is recommended for very large datasets. Theoutput file indicates what physical distance this limit represents.How well does the analysis fit the data? The fit to the data is largely con-t r o l l e d b y t h e e x p e c t e d e r r o r s s p e c i f i e d f o r t h e o b s e r v a t i o n s a n d t h e b a c k - ground, and to some extent by the correlation ranges used. Smaller xyrangesyield analyses that fit the data more closely. If the data are "overfit", theanalysis will have unwanted wiggles in the contours and possibly bullseyes,especially near observation sites. You can see how the analysis is fitting thedata by the root-mean-square difference (rms) statistics printed in the standardoutput file after each iteration. Regardless of whether kappa decreases withsuccessive iterations, the rms statistics should decrease with each pass, andafter the final pass the rms values should approximate the error associated

Supplement 1: ADASCAPS-ARPS Version 49with that observation type. Also in the rms table you will see counters of thedata. These counters and the diagnostic printing of the reader routines shouldinform you of the successful ingest of all the data. The reader routines willprint warnings if they had to stop reading data because insufficient space wasallocated to the data arrays. Generally, ADAS continues processing even ifthe arrays become full. Recall that data array sizes are specified inarpsdas.inc.You can also examine the fit to the surface data by using ARPSPLT andspecifying the observation overlay option (parameter ovrobs =1 in arp-splt.input). Plot the second ARPS vertical level (slice_xy, k=2) and comparethe observations to the contours of the analysis.9. ReferencesAlbers, S.C., J.A. McGinley, D.A. Birkenhuer, and J.R. Smart, 1996: Thelocal analysis and Prediction System (LAPS): Analysis of clouds,precipitation and temperature. Wea. and Forecasting, 11, 273-287.Bratseth, A.M., 1986: Statistical interpolation by means of successive correc-tions. Tellus, 38A, 439-447.Brewster, K., 1996: Implementation of a Bratseth analysis scheme includingDoppler radar. Preprints, 15th Conf. on Weather Analysis and Forecasting,AMS, Boston, 92-95.Cole, R.E. and F.W. Wilson, 1995: ITWS Gridded Wind Product, Preprints,6th Conf. on Aviation Wetaher Systems, AMS, Boston.Lorenc, A.C., R.S. Bell and B. MacPherson, 1991: The Meteorological Officeanalysis correction data assimilation scheme. Quart. J. Roy. Meteor. Soc.,117, 59-89.Sashegyi, K.D., D.E. Harms, R.V. Madala, S. Raman, 1993: Application ofthe Bratseth scheme for the analysis of GALE data using a mesoscalemodel. Mon. Wea. Rev., 121, 2331-2350.Zhang, J., F. Carr, and K. Brewster, 1998: ADAS cloud analysis. Preprints,12th Conf. on Num. Wea. Prediction, Phoenix, AZ, AMS, Boston, 185-188.

Supplement 1: ADASCAPS-ARPS Version 410ADAS Constants(&adas_const)

Parameter

Definition/Purpose

Options/Suggested Values npassNumber of analysis passes or iterations ofthe Bratseth or Barnes schemes.Typical: 3 or 4 passes

sprdistSuper-ob distance (m).Surface observations closer than sprdistwill be combined into a single-superobbefore beginning the analysis.Scale (dx) dependent,approximately 15000 m.(15 km) wlimSmallest value of horizontal correlation(ND) that will contribute to the analysis.This serves to define a cut-off radius,outside of which an observation has noinfluence. When the dataset is very large(104 observations), increasing wlim(decreasing cut-off radius) can improveexecution time.1.0E-03 zwlimSmallest value of vertical correlation(when height is used as the verticalseparation, see ianxtyp) allowed tocontribute to the analysis. This serves todefine a cut-off height-difference, outsideof which an observation has no influence.1.0E-03 thwlimSmallest value of vertical correlation(when potential temperature is used as thevertical separation, see ianxtyp) allowed tocontribute to the analysis. This serves todefine a cut-off potential temperaturedifference, outside of which an obser-vation has no influence.1.0E-03

Supplement 1: ADASCAPS-ARPS Version 411hydradjHydrostatic balance option.Option for adjusting pressure to balancetemperature field to create a balanced statefor model initialization. Formerly knownas boycor.0=no pressure adjust.1=use model eqs, beginning at bottom2=use model eqs, beginning at top3=hydrostatic pressure, beginning at bottomhydradj=3 recommended

windadjOption for adjusting wind field afterhorizontal winds have been analyzed.0=no wind adjust.1=w is set so wcont=0 no changes to u, v2=w is set using horiz divergence and O’Brien method for top bc see obropt3=as in 2, but u,v are relaxed to create zero 3-D divergencewindadj=2 recommended obroptOption for distribution of horizontaldivergence error in O’Brien adjustment ofvertical velocities (to enforce verticalboundary conditions on w).Add 10 to values at right to adjust verticalvelocities so that w=0 at physical heightobrzero. Otherwise the scheme forcesw=0 at the top of the model physicaldomain.0= No O’Brien adjust.1=linearly in model z2=linearly in physical z3=linearly in thetaobropt=12recommended obrzeroHeight (m) at which the O’Brien schemeenforces zero w. This should roughlycorrespond to the tropopause, and beconsistent with the bottom of the Rayleighdamping layer (zbrdmp) if used for modelinitializationGrid dependent.

Supplement 1: ADASCAPS-ARPS Version 412ADAS Radar Options(&adas_radaropt)

Parameter

Definition/Purpose

Options/Suggested Values raduvobsOption for using Doppler radial winds inanalysis step0 = do not use radial winds1 = use radial winds

radrhobsSwitch to create pseudo-obs of highrelative humidity for use in qv analysis(effect will be spread in space) wherereflectivity is high0 = do not create high- RH obs from reflectivity data1 = create obs refrhRadar reflectivity (dBZ) threshold abovewhich pseudo-observations of highrelativehumidity (rhrad) are created for analysis.refrh must be greaterthan the level of "clearair" returns in the datarefrh=20 dBZrecommended rhradobsRelative humidity for pseudo-observationsof humidity in high reflectivity regions. Ifthe background has a relative humidityhigher than rhradobs no observation iscreated (this cannot dry the background).0. < rhradobs < 1.00.80 < rhradobs < 0.95recommended radcldoptOption for calling the routine that assignscloud and rain water variables based onradar reflectivity. If this is set to zero, theradqvopt, radqcopt and radqropt inputoptions do not apply.0 = do not call RADMCRO routine1 = call RADMCRO radqvoptOption for using reflectivity to locallyadjust (no spreading via analysis) relativehumidity (qv) where reflectivity is high0 = do not adjust qv locally based on reflectivity data1 = Adjust qv

Supplement 1: ADASCAPS-ARPS Version 413radqcoptOption for using reflectivity to locallyadjust (no spreading via analysis) cloudwater (qc) where reflectivity is high0 = do not adjust qc locally based on reflectivity data1 = adjust qc using fixed cloud water mixing ratio2 = adjust qc using cloud water mixing ratio thatis a function of observed reflectivity.

radqroptOption for using reflectivity to locallyadjust (no spreading via analysis)rainwater (qr) where reflectivity is high0 = do not adjust qr locally based from reflectivity data1 = adjust qr using rain water mixing ratio that is a function of observed reflectivity.

radptoptOption for adjusting potential temperatureto create a net zero buoyancy change incombination with the weight added byincreasing qr and qc and/or the weightremoved by increasing qv.0 = do not adjust potential temperature1 = adjust temperature for rain and cloud water only2 = adjust temperature for humidity adjustment only3 = adjust for all changes to qr, qc, and qv refsatReflectivity threshold (dBZ) to use in local "saturation" adjustment.10. < refsat < 35. dBZrecommend rhradRelative humidity (0.0-1.0) to apply inlocal saturation adjustment. No adjustment is made ifbackground humidity is higher.0.80 < rhrad < 1.0recommended refcldRadar reflectivity (dBZ) threshold abovewhich cloud water (amount specified bycldrad) is created.20. <refcld < 30. dBZrecommended

Supplement 1: ADASCAPS-ARPS Version 414cldradValue of cloud mixing ratio (kg m-3), qc,to assign in areas of reflectivity > refcld.cldrad=1.0E-03recommended

ceiloptOption for preventing the creation of cloudbelow a specified ceiling. This can beused to reduce false clouds due to ground-clutter returns.,0=Do not limit ceiling1 = minimum ceiling is a fixed height (AGL) specified by ceilmin2 = minimum ceiling is lifting condensation level, LCL, of surface based parcel.ceilopt= 2 recommended ceilminCeiling height (m AGL) minimum for usewhen ceilopt=1.Situation dependent.Generally:100 < ceilmin <2000 m dzfillVertical distance (m) over which twoadjacent "cloud" radar observations will be"filled" with cloud and or rain water. Thisis necessary to account for vertical gapsbetween radar observation elevationangles.Generally:1000. < dzfill < 3000. mdzfill = 3000. mrecommended.

refrainRadar reflectivity (dBZ) threshold abovewhich rain water (amount specified bycldrad) is created.25 < refrain < 35 dBZrecommended cldsetratRatio (0.0-1.0) of rain and cloud wateradjustment applied to the radar-reflectivityequivalent value of rain and cloudwater. Used when radqcopt=2 orradqropt=2.0.5 < cldsetrat < 1.0 cldreflim Upper bound on reflectivity (dBZ) to usein calculating the rain and cloud waterwhen radqcopt=2 or radqropt=2.40 < cldreflim < 50 dBZ

Supplement 1: ADASCAPS-ARPS Version 415ADAS Cloud Options(&adas_cloudopt)

Parameter

Definition/Purpose

Options/Suggested Values cloudoptOption for calling the ADAS complexcloud analysis. The routine uses allavailable data sources to assign cloudcoverage. Cloud microphysical variablescan be assigned in the model based on thefinal cloud analysis (see options, below).The cloud analysis is Jian Zhang’smodification of the FSL LAPS cloudanalysis.0 = do not run thecomplex cloud analysis.1 = run the complexcloud analysis

clddiagOption for printing voluminousdiagnostics related to the cloud analysis.0 = do not print the extradiagnostics.1 = print diagnostics.

range_cldHorizontal distance (m) for use in thehorizontal spreading of analyzed cloudsfrom point observations.range_cld=104-105 m(10-100 km)recommended refthr1Reflectivity threshold (dBZ) for assigningcloud based on radar data below hgtrefthr.Generally, refthr1 is set to eliminate falseground clutterrefthr1=25.recommended refthr2Reflectivity threshold (dBZ) for assigningcloud based on radar data above hgtrefthr.Generally, refthr2 is set to eliminateinsect or non-precipitation scatter returns.refthr2=20.recommended hgtrefthrHeight (m AGL) of transition from usingrefthr1 to using refthr2.hgtrefthr=2000. mrecommended wmhr_cuParameter (ms-1/m) used to set themaximum vertical velocity in cumulusclouds. Maximum vertical velocity(parabola) is set based on wmhr_cu andanalyzed cloud depth.w_max=wmhr_cu*depthwmhr_Cu = 0.0005recommended

Supplement 1: ADASCAPS-ARPS Version 416wmhr_scParameter (ms-1/m) used to set themaximum vertical velocity instratocumulus clouds. Maximum verticalvelocity (parabola) is set based onwmhr_sc and analyzed cloud depth.w_max=wmhr_sc*depthwmhr_Sc = 0.00005recommended

wc_stConstant vertical velocity (ms-1) used instratus clouds.wc_St = 0.05recommended thresh_cvrThreshold of sky cover (0.0-1.0) to setcloud water and vertical velocity. Belowthresh_cvr no cloud water or wadjustments are made.thresh_cvr=0.5recommended ir_fnameName of remapped IR satellite data file.Set to ’NULL’ or a dummy filename if noIR data are available.Character string inquotes.

vis_fnameName of remapped visible satellite datafile. Set to ’NULL’ or a dummy filenameif no visibile satellite data are available.Character string inquotes.

calib_fnameName of file containing IR calibration dataCharacter string inquotes.

cbgqcoptOption for using relative humidity in thebackground field to create cloud water(qc) within the cloud analysis. Note thatthe ARPS output file cloud field is notchanged unless the cldqcopt option(below) is set to 1.0 = do not adjust qc locally based on background relative humidity.1 = adjust qv cldqvoptOption for using results of the cloudanalysis to locally adjust (no spreading viaanalysis) relative humidity (qv).0 = do not adjust qv locally based on cloud analysis.1 = adjust qv cldqcoptOption for using results of the cloudanalysis to locally adjust (no spreadingvia analysis) cloud water (qc).0 = do not adjust qc locally based on cloud analysis1 = adjust qc

Supplement 1: ADASCAPS-ARPS Version 417cldqroptOption for using results of the cloudanalysis to locally adjust (no spreading viaanalysis) rainwater (qr).0 = do not adjust qr locally based on cloud analysis.1 = adjust qr

cldptoptOption for adjusting potential temperatureto create a net zero buoyancy change incombination with the weight added byincreasing qr and qc and/or the weightremoved by increasing qv in the cloudanalysis.0 = do not adjust potential temperature1 = adjust for all changes to qr, qc, and qv cldwoptOption for setting the vertical velocitybased on the results of the cloud analysis.Where there are clouds a profile of w isspecified within the cloud based on adiagnosis of the cloud type (stratus,stratoclumulus or cumulus).0 = do not adjust potential temperature1 = set w in clouds.0 is recommended forinitializing ARPS runs.

cld_filesOption to output files containingintermediate cloud fields (cloud base,cloud top, ceiling, and column VIL) intoseparate files (for diagnostics, unused bythe ARPS model).0 = do not output extra diagnostic files1 = output files

ADAS Analysis Types(&adas_typ)

Parameter

Definition/Purpose

Options/Suggested Values ianxtyp(ipass)Type of analysis for each pass.11=Barnes, height vert12=Barnes, theta vert21=Bratseth, height vert22=Bratseth, theta vertDefault: 21

Supplement 1: ADASCAPS-ARPS Version 418ADAS Range(&adas_range)

Parameter

Definition/Purpose

Options/Suggested Values sfcqcrngScale distance (m) for the Barnesweighting function used in the qualitycontrol of surface data.Data spacing dependent.Generally:30.E03 < sfcqcrng <100.E03 m

xyrange(ipass)Horizontal scale for the correlationfunction in the analysis. See body of thisdocument for guidelines on setting thecorrelation range.Depends on data densityand data switches.Example:xyrange(1)=100.E03xyrange(2)=60.E03xyrange(3)=5.E03

ADAS Kappa Variable(&adas_kpvar)

kpvar(ivar)Scaling factor (ND) which multipliesxyrange making the scale different foreach variable.One for each variable, wherevariable 1: u wind componentvariable 2: v wind componentvariable 3: pressurevariable 4: potential temperaturevariable 5: humidityGenerally:0.5 < kpvar < 2.0Default:kpvar(1)=0.9kpvar(2)=0.9kpvar(3)=1.0kpvar(4)=1.0kpvar(5)=0.9

ADAS Z-range(&adas_zrange)

Supplement 1: ADASCAPS-ARPS Version 419zrange(ipass)Range (m) for vertical correlation modelwhen analysis using height separation isused.A value is specified for each pass eventhough the options may be set to use thetain the vertical.Typical:500. < zrange < 1800.

ADAS Theta-range(&adas_thrange)

Parameter

Definition/Purpose

Options/Suggested Values thrange(ipass)Range (K) for vertical correlation modelwhen analysis using potential temperatureseparation is used.A value is specified for each pass eventhough the options may be set to useheight in the vertical.Typical:thrange(ipass)= 5 K.

ADAS Background Error File(&adas_backerf)

backerrfilName of background error filecharacter*132Typical:backerrfil=’ruc3herr.adastab’

ADAS Single-Level Data Specifications(&adas_sng)

nsngfilNumber of single-level data files.Single level data include surface data andpilot report data.Data dependent.Typical: 1 or morensngfil £ mx_sng_file(mx_sng_file is set inadas.inc)

Supplement 1: ADASCAPS-ARPS Version 420sngfname(ifile)Name of single-level data fileRepeat for nsngfils.character*132Typical:sngfname(1)=’jun08/951591500.lso’

sngtimchk(ifile)Name of data file used for timeconsistency check of respective sngfnamedata. Dataset of the same type from aprevious time period. Specify a dummyfilename if no such data are available.character*132Typical:sngtimchk(1)=’jun08/951591400.lso’ srcsng(isrc)Following are repeated for each datasource in the single-level data file(s).Note that a single-level file can containone or more sources. Largest index, isrc,used must be less than or equal tonsrc_sng(nsrc_sng is set in adas.inc).Name of data source. These must matchthe source name(s) in the data file(s).character*8Typical:srcsng(1)=’SA’ sngerrfil(isrc)Name of file containing error specificationtable for each source.character*132Typical:sngerrfil(1)=’saoerr.adastab’ iusesng(isrc,ipass)Integer switch indicating whether the datasource should be used on each pass.A switch is required for each pass, i.e.iusesng(1,1), iusesng(1,2)...0: Do not use data from this source on this pass.1: use dataExample:iusesng(1,1)=0,iusesng(1,2)=1,iusesng(1,3)=0

ADAS Multiple-Level Data Specifications(&adas_ua)

Parameter

Definition/Purpose

Options/Suggested Values

Supplement 1: ADASCAPS-ARPS Version 421nuafilNumber of multiple-level data files.Multiple level data include radiosondedata and profiler data.Data dependent.Typical: 1 or morenuafil £ mx_ua_file(mx_ua_file is set inadas.inc)

uafname(ifile)Name of multiple-level data fileRepeat for nuafils.character*132Typical:uafname(1)=’jun08/951591500.snd’ srcua(isrc)Following are repeated for each datasource in the multiple-level data file(s).Note that a multiple-level file usuallycontains one source, but more than one filemay have the same source. Largest index,isrc, used must be less than or equal tonsrc_ua. (nsrc_ua is set in adas.inc).Name of data source.character*8Typical:srcua(1)=’’NWS RAOB’ uaerrfil(isrc)Name of file containing error specificationtable for each source.character*132Typical:uaerrfil(1)=’snderr.adastab’ iuseua(isrc,ipass)Integer switch indicating whether the datasource should be used on each pass.A switch is required for each pass, i.e.iuseua(1,1), iuseua(1,2)...0: Do not use data from this source on this pass.1: use dataData dependentExample:iuseua(1,1)=1,iuseua(1,2)=0,iuseua(1,3)=0

ADAS Radar Data Specifications(&adas_radar)

Parameter

Definition/Purpose

Options/Suggested Values

Supplement 1: ADASCAPS-ARPS Version 422nradfilNumber of remapped radar data files.Remapped radar data files are created bymapping raw data onto a regular grid,which need not match the final analysisgrid.Data dependent.Typical: 0 or morenradffl £ mx_rad_file(mx_rad_file is set inadas.inc)

radfname(ifile)Name of radar data file(s)Repeat for nradfils.character*132Typical:radfname(1)=’KTLX.950507.1756’ srcrad(isrc)Following are repeated for each datasource in the radar data file(s).Note that a radar data file contains onesource, but more than one file may havethe same source. Largest index, isrc, usedmust be less than or equal to nsrc_rad(nsrc_rad is set in adas.inc).Name of data source.character*8Typical:srcrad(1)=’88D-AII’ raderrfil(isrc)Name of file containing error specificationtable for each source.character*132Typical:raderrfil(1)=’88derr.adastab’ iuserad(isrc,ipass)Integer switch indicating whether the radardata source should be used on each pass.A switch is required for each pass, i.e.iuserad(1,1), iuserad(1,2)...0: Do not use data from this source on this pass.1: use dataData dependentExample:iuserad(1,1)=0,iuserad(1,2)=0,iuserad(1,3)=1

ADAS Retrieved Radar Data Specifications(&adas_retrieval)

Parameter

Definition/Purpose

Options/Suggested Values

Supplement 1: ADASCAPS-ARPS Version 423nretfilNumber of radar retrieved data files.Retrieved data files are created by separateradar retrieval programs.Data dependent.Typical: 0 or morenretfil £ mx_ret_file(mx_ret_file is set inadas.inc)

retfname(ifile)Name of radar retrieval data fileRepeat for nretfils.character*132Typical:retfname(1)=’KTLXret.960526.1700’ srcret(isrc)Following are repeated for each datasource in the retrieval data file(s).Note that a retrieval data file contains onesource, but more than one file may havethe same source. Largest index, isrc, usedmust be less than or equal to nsrc_ua.(nsrc_ret is set in adas.inc).Name of data source.character*8Typical:srcret(1)=’88D-RET’ reterrfil(isrc)Name of file containing error specificationtable for each source.character*132Typical:reterrfil(1)=’88dreterr.adastab’ iusesret(isrc,ipass)Integer switch indicating whether the datasource should be used on each pass.A switch is required for each pass, i.e.iuseret(1,1), iuseret(1,2)...0: Do not use data from this source on this pass.1: use dataData dependentTypical:iuseret(1,1)=0,iuseret(1,2)=0,iuseret(1,3)=1