Advanced Application of
the DRM

Atmospheric Representations

SEDRIS™ Technology Conference
Lake Buena Vista, Florida
/ January 2004

Louis Hembree
Naval Research Laboratory
831-656-4787

hembree@nrimry.navy.mil

Copyright © 2004 SEDRIS™



Tutorial Introduction

o Description: Thetutorial will focus on using the SEDRIS DRM to

represent atmospheric data with primary emphasis on gridded data sets and
observation data sets. Example mappings will also be presented and
discussed.

 Who Should Attend: Dataproducers and data users who want to use
the DRM for representation of atmospheric data. The tutorial:
* Fundamentals of the DRM”
DRM is a prerequisite.

 What to Expect: Based on the case examples provided, the attendee should

gain aworking understanding of the various techniques for use of the DRM in
modeling or converting atmospheric data sets into SEDRIS.
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OVERVIEW

Objective: Tolllustratethe process of mapping a native
atmospheric data set into SEDRI S Data Repr esentation
Model, and to present some example mappings

* Preparation

e Basic Mapping Process

* A Mapping Checklist

o Example Atmospheric M appings
e Conversion Software
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Preparation

Become familiar with the SEDRIS Data Representation
Model and supporting documentation.

e Tutorias
e Documentation

 SEDRIS Web Site - www.sedris.org
— Data Representation Model (DRM)

— Environmental Data Coding Specification
(EDCS)

— SEDRIS Spatial Reference Model (SRM)
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Basic Mapping Process
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Deter mine I nitial Class Structure

« What isthe basic“ data structure’ of your
data/native data set?

— Grid, point, profile, tables, etc.
« How can thisbasic structure befurther organized?

— A grid of profiles, grid of tables, by time, by
location, etc.

 |dentify corresponding SEDRIS DRM classes and
relationships.

* Repeat until all data relationships arerepresented.

« May havetotry several approachesto find “ best”
overall representation.
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Fill OQut Class Fields

 Check for appropriate EDCS Classification
codes (EC) for Property Grids, Data Tables,
elc.
— Usethe EDCS Query Tool

e Check for EDCS Attribute codes (EA)
corresponding to parameters.

o Collect coordinate and projection information.

 Determine how to represent time: absolute,
relative, timeinterval.
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Genera Notes

 Abstract classes are not instantiated.
« All mappings must start with Transmittal Root.

* Aggregations are used to group data by some attribute (date,
time, location, etc), i.e. base forecast time, season, €tc.

* Property_Grids must have at least 1 spatial axis.

» Pressure levels and sigma surfaces are not spatial
dimensions.

* Property_Grids & Property_Tables can contain other
Property_Tables (nested tables).

« Points can have Property Table and Property Value
components.

o Table Property Description describes what is contained in
each table cell.
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Relevant Parts of SEDRIS 3.1 DRM
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EXAMPLE MAPPINGS

o Atmospheric Forecast Grids
e Point & Profile Data
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Atmospheric
Forecast Grids
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Example Forecast Grid Relationships

Forecast Day 1 - 00Z<—

I T 0 T 17T 1T 0 T 1 Base forecast times
0 6 12 18 24 30 36 42 4§‘r”’,,-”"’

Forecast Day 1 - 127

N U R U P U
0 6 12 18 24 30 36 42 48

Taus/ Forecast Day 2 - 00

(Forecast intervals) I 1 1 0T T 1T 7 T |
O 6 12 18 24 30 36 42 48

METOC forecaststypically start at some base time and forecast fields are created at
someinterval (6 hrs) and extend for some period (48 hours). Theforecastsarerun
every 12 hourstypically. Therefore, there can be several overlapping forecasts
available at a given time.
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High Level Atmospheric Grid Mapping

A high level mapping for atmospheric grids showing the DRM classes used and the
organization used. Notethe nested Time Related Geometries.

Transmittal Root |

? Transmittal Summary Keywords Description
Environment Root
Citat | Access
Spatial Domain Itation
Absolute Time Interval
Time Related Geometry Point of Contact [— (Period of content)
Q
1st Base forecast time
Absolute Time Point | tau0
i ——| Time Constraints Data [© Relative Time Point
|
|
: Property Grid
_ | Time_ Hook Point ‘
I Constraints_Data .
: T 0.1 Property Grid
! Location *
| e
| Classification Data [© .
| .
| Time Related . 1. *{ ordered) {ordered} Property Value
Geometry 1.*
Table Property Description (TPD) AXis
?* I nstance Diagram
Property Characteristic
i~ TauN
I / Same structure as tau O
L Property Grid Hook Point ~ —
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Filling the Transmittal Summary

Summarizesthe content of thetransmittal in

terms of

* Environmental domainsrepresented (terrain, ocean, etc.)
» Typesof data used (geometry, features, data tables etc.)

« SEDRISDRM classes used
* Classifications used
» Spatial reference frames used

Environmental Domain Summary

environmental_domain = ECC_ATMOSPHERE

Transmittal Summary

DRM Class Summary Item

features_present = SE_ PRESENT_IN_NONE

geometry_present = SE_PRESENT_IN_ENVIRONMENT_ROOT
geometry_topology present = SE_PRESENT_IN_NONE

data tables present = SE_PRESENT_IN_ENVIRONMENT_ROOT
priority_values present = SE_ PRESENT_IN_NONE
mobility_values present = SE_ PRESENT_IN_NONE
thermal_values present = SE_PRESENT_IN_NONE
terrain_lods_present = SE_ PRESENT_IN_NONE
two_D_features flag = SE_PRESENT_IN_NONE
models_present = SE_FALSE

images present = SE_FALSE

sounds _present = SE_FALSE

symbols_present = SE_FALSE

colors_present = SE_FALSE

color_model = RGB

EDCS usage list_is_comprehensive = SE_FALSE

drm_class= SE_ DRM_CLS_ENVIRONMENT_ROOT

1

SRF Summary

srf_parameters.dimensionality= SRM_DIM_THREE_D

srf _parameters.parameters.three_d. spatial_reference frame=
SRM_SRF_3D_GD

srf _parameters.parameters.three_d.parameters.horizontal_datum =
SRM_HDATUM_SPHERICAL_COA

srf _ parameters.parameters.three_d.parameters.vertical_datum =
SRM_VDATUM_SPHERICAL_COA

srf _parameters.parameters.three_d.parameters.elevation_units =

SRM_ELEV_UNIT_METRE

| nstance Diagram
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DRM Class Summary Item

drm_class= SE DRM_CLS TIME_RELATED_GEOMETRY
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Top Level Nested Time Related Geometry

| ndicates significance of time

Environmental Root

Classes associated with the 0 \

top level Time Related \\
Time_Related Geometry

unique_descendants = SE_FALSE >—— Classification Data
strict_organizing_principle= SE_TRUE =
time_data type= SE_TIME_DATA_TYP_TIME_POINT tag = TIME_ANALY SIS BASE_SET

Absolute Time Point

Time Constraints Data time_significance =
? SE_TIME_SIGNIFICANCE_CONTEXT_DETERMINED
year = 1999 hour = 06 —@

\ month = 08 minutes = 00
day = 17 seconds = 00
x j

Time Related Geometry

L ower level Time Related T@mes(baseforecast times) for children of top level
Time Related Geometry

Geometry — see next dlide | nstance Diagram
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Lower Level Time Related Geometry

Classes associated with the
lower level Time Related

Geometry

Relative Time Point

delta days=0
delta_hours = 0
delta minutes=0
delta_seconds=0

+

From upper level Time Related Geometry

I ndicates significance of time

Time Related Geometry

N

b |

Classification Data

unique_descendants = SE_FALSE <>

strict_organizing_principle= SE_TRUE
time_data type= SE_TIME_DATA_TYP_TIME_POINT

tag = TIME_FORECAST _TAU_SET

Time Constraints

Data

Relative Time Point

delta days=0

Data

Time Constraints k| delta_hours =6

delta_minutes=0
delta_seconds=0

]
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Deltatimerelative to <Absolute Time Time Point>
associated with parent <Time Related Geometry>

Property Grid Hook Point

Property Grid Hook Point

\ See next dide —

See previous dide

4

| nstance Diagram
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Placing Property Grid

From parent Time Related Geometry

GD Location 3D
Property Grid Hook Point <>—|_

coordinate. elevation =0

. . coordinate.geodetic_latitude = 29
Grid location coordinate. geodetic_longitude = -160

—|—<> Property Grid Hook Point

\ L ocation of Property Grid Hook

corresponding to

hook point
\

Point in specified SRF

Property Grid \
spatial_axes_count = 2 A)
location_index = (0,0,0)
srf_parameters.dimensionality = SRM_DIM_THREE_D >—
srf_ parameters. parameters.three_d. spatial_reference frame =
SRM_SRF 3D_GD
srf_parameters. parameters.three_d.gd.s.horizontal_datum =
SRM_HDATUM_SPHERICAL_COA
srf_parameters. parameters. three_d.gd.vertical_datum =
SRM_VATUM_SPHERICAL_COA

srf_parameters. parameters. three_d.gd.elevation_units =
SRM_ELEV_UNIT_METRE

R

Table Property Descriptions AXes

data_present = SE_ TRUE

| nstance Diagram

Classification Data

tag = ECC_ATMOSPHERE_PROPERTY _SET

0

Property Value

meaning.code_type = SE ELEM_CODE_TYP_ATTRIBUTE
meaning.code.attribute = EAC_PROPERTY_SET_DATA_SOURCE
value_unit = EUC_UNITLESS

value _scale= ESC_UNI
value.value type=SE PDV_ENUMERANT_CODE
Value.ee code = EEC PRPSETDATSRC FORECAST

Property Value

meaning.code_type = SE ELEM_CODE_TYP_ATTRIBUTE
meaning.code.attribute =
EAC_PROPERTY_SET_SPATIAL_DOMAIN

value_unit = EUC_UNITLESS

value_scale= ESC_UNI

value.value type=SE_PDV_ENUMERANT_CODE
Value.ee code = EEC_PRPSETSPATDMN_VOLUME
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Specifying Contents of Property Grid

From parent Property Grid

@

Table Property Description

meaning.code_type = SE_ELEM_CODE_TYP_ATTRIBUTE
M eaning.code.attribute = EAC_AIR_TEMPERATURE
value_unit = EUC_PASCAL

value_scale= ESC HECTO
value type=SE PDV_FLOAT
component_data_table_ecc = SE_ NULL

Property Characteristic

meaning = EMC_LOWER_BOUND

characteristic_value.value type=SE_PDV_FLOAT
characteristic_value. float_value=“ from data”

Property Characteristic

meaning = EMC_UPPER_BOUND

/4

Specifies contents of Property Grid

&

characteristic_value.value type=SE_PDV_FLOAT
characteristic_value. float_value =* fromdata”

Property Characteristic

meaning = EMC_TOLERANCE

Table Property Description

meaning.code_type = SE ELEM_CODE_TYP_ATTRIBUTE
M eaning.code.attribute = EAC_WIND_SPEED U

value_unit = METRE_PER_SEC

value_scale = ESC_UNI

value type=SE_PDV_FLOAT

Copyright © 2004 SEDRIS™

component_data_table_ecc = SE_ NULL

I nstance Diagram

characteristic_value.value type=SE_PDV_FLOAT
characteristic_value. float_value="“ from data”

®—

Contains characteristics of the parameter

gpecified in the Table Property Description.

Can also include missing value flag among
others. Used to compress gridded data.
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Setting the Axisfor Atmospheric Volume Grid

Axes classes are ordered with the spatial axes coming first. The parent Property Grid had
spatial_axes count =2, thereforetheregular axesarethe spatial axesasthey arethefirst
two axes.

From parent Fggperty Grid
?

Regular Axis

axis_type.code type= SE_ELEM_CODE_TYP_ATTRIBUTE

axis_type.code.attribute = Not a Spati al axis.
EAC_SPATIAL_ANGULAR_PRIMARY_COORDINATE

value_unit = EUC_DEGREE_ARC \

value_scale = ESC_UNI 1 A

axis_value count = 231 Irregular Axis

interpolation_type = SE_INTERPOLATION_TYP_NOT_SUPPLIED

first_value.value type = SE_PDV_FLOAT axis_type.code_type =
first_value.u.float_value = 0. SE_ELEM_CODE_TYP_ATTRIBUTE

spacing.value type= SE_PDV_FLOAT axis_type.code.attribute = ATM_PRESSURE

spacing.u.float_value = .20 3 value_unit = EUC_PASCAL
type of spacing = SE_SPACING_TYP_ARITHMETIC value_scale = ESC_HECTO

axis_alignment = SE_AXIS_ALNMNT_LOWER axis_value_count = 3
interpolation_type=

SE_INTERPOLATION_TYP_NOT_SUPPLIED
axes_value_array.value_type={SE PDV_FLOAT, ...}
axes_value_array.u.float_value = {1000, 850, 500} '\

_ ] Notethat thisisreally an array
of astructure of type
Instance Diagram SE_Property_Data Value
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Point & Profile Data
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Point Data -- Surface Observations

Dataislocated at “ arbitrary” locations

Example: Surface observations. Observationsare
assigned to a specific hour, but can actually occur
+ some delta about the hour.
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Surface Observations

Transmittal Root  [© |

? Metadata Transmittal Summary
Environmental Root %

Spatial Domain
Time Related Geometry Classification Data | _Reporting Time of
Surface Observations
Union of Primitive
Geometry ‘
Time1 Point LN Property Vaue \ N instances where N is
\ the number of parameters
Reporting times _ reported at point (station)
Location 3D \
L ocation of point (station)
Tirrl1e2 Absolute Time Point
Actual Observation Time ’/ .
(optional) | nstance Diagram
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Profiles -- Radiosonde Data

Profile data located at “ arbitrary” locations.

Sametype of timeinformation asfor surface observations.
Radiosonde profiles also contain surface observation data.
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Radiosonde

*Basic mapping same asfor surface observations
«Classification data = Radiosonde

Property Value
(station ID)

Location 3D Point

Property Value
(station pressure)

Add Data Table association to Point
- \ Property_Table Property Value

» | (atmospheric profile) (station dtitude)

Table Property Description
(air temperature)

One axis— Atmospheric pressure level \

Irregular_Axis
(atmospheric pressure)

Table Property Description
> (wind speed)

.. Table Property Description
Table Property Description / (wind direction)

specify parameters measured

Table Property Description
(relative humidity)

| nstance Diagram
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Surface Obs & Radiosondes

Transmittal Rest

I

Environmental Root

v

M etadata U

Time Related Geometry

Note: Theorder
of these could be

rever sed. » Classification Related Geometry

Spatial Domain

Transmittal Summary

Time constraints data

Indicates type of data

¥

Geometry Classification Data

Surface Obs

Union of Primitive Geometry
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v

Geometry Classification Data

Radiosonde

Union of Prim

itive Geometry

I nstance Diagram
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GRIB Converson Softwar e
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Gridded Binary (GRIB) Format

 GRIB isaWorld Meteorological
Organization standard format for gridded
data
— Binary format
— One level, time, parameter combination per

message

e A set of GRIB messages contains no

iInformation about the relationship between

the messages
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GRIB to STF Conversion Software

Reads and analyzes the GRIB messagesin a
data set.

Maps the information to the gridded
representation previously presented.

STF size is smaller than the aggregate of the
original GRIB files.

Conversion time is of the order of minutes.
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The sedcfg component

e Uses several external files in mapping
process

— file used to map GRIB parameter IDsto EDCS
Attributes

— file used to map GRIB level IDsto EDCS

— file used to specify the appropriate horizontal
and vertical datums

— GRIB tables (used by GRIB decoder)

— Metadata file: information not included in
GRIB file
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SUMMARY

* Presented outline for doing a mapping along
with a checklist.
* Presented example atmospheric mappings:
— Grids
— Surface Observation
— Radiosondes

 GRIB to STF conversion program
developed.
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