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Outline

® The datasets (data sources, partnerships, etc)
e Some challenges
® Future development

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information



Monthly Data: Two Main Products

GHCNm (temperature and precipitation)
e Many dozens of input sources, but GHCNm v4
® Main source is GHCNd <O
e Usedin NOAAGIobalTemp

Global Summary of the Month (GSOM)
e More elements
® Based entirely on GHCNd
® Includes derived parameters such as

heating/cooling degree days
e Shared with C3S for land component
e “Official” monthly product for NOAA Cmbon of Youre
stations

100
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Daily Data - Also two main products

GHCNd
e 30+ input datasets via several
partnerships (NOAA, USDA, KMNI, BoM, Now Sotrce for SnTe (1322

Add Missing RBCN Stations (v 3.21 i .-‘""I

E nV . Ca n a d a etC . ) Canada Refresh (v 3.20)._,
e Very large user base with many o
FAWS & SNOTEL (VS‘OOJ - ed directly for ASOS (3210 retired--v3.03)
downstream dependencies Observation ECASD Retresh (v 200)_ SN R
times are network and country

e Legacy US daily data processing decommisionad in favor of GHCN-Daily

(DS13200 retired)

Number of Stations

dependent
e “Official” daily data for NOAA Stations
Synoptic Summary of the Day (SSOD)
(replacing “Global Summary of the Day”)
e derived from hourly/synoptic reports
® based ona UTC calendar day worldwide

CoCoRaHS Added-.,

2008 2009 2010 2011 2012 2013 2014 2015 2016
Year

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information



Hourly Data: New Product!

Latest addition to the GHCN family

Hourly Data for 2022: Asheville Regional Airport
GHCNh

® Replaces NCEl’s core dataset — the
Integrated Surface Data (ISD)

e Co-developed with the European Union’s
Copernicus Climate Change Service and
the US Air Force’s 14th Weather
Squadron

® Much more closely aligns hourly data
with (GHCNd)

e Adds data sources (130+) and extends
station periods of record compared to ISD

e “Official” Hourly data for NOAA Stations

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information



Hourly Data for NOAA Managed

Number of Stations (NOAA Networks)

5000

4500

1500

1000

1900 1920 1240 1960 2000 2020

= GHCNh ISD
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Local Climatological Data Version 2 (LCDv2)

The Local Climatological Data
version 2 (LCDv2)

e Provides a synopsis of
hourly+daily and monthly
summaries for a single
weather station and for
specific month

e Includes departures from
normal and degree day
calculations

e Flagship product for NCEI

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information



U.S. Department of Commerce Local Climatological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Daily summary 151 Patton Avenue
National Environmental Satellite, Data, and Information Service December 2022 Asheville, North Carolina 28801
Current Location: Elev: 2118 ft. Lat: 35.4318° N Lon: -82.5379° W Generated on 01/26/2023
Station: ASHEVILLE REGIONAL AIRPORT, NC US WBAN: 72315003812 (Unknown)
D Tempsrature (F) D(Lg';:snﬁgs Sun (LST) Weather Precipitation (in) ";i‘rf;’"’ Wind W
t
e | Max | Min | Avg | Dep | ARH | ADP | AWB | Heat | Cool | Rise | Set Weather Type TLe |Spaw ggg,‘,"‘ Ave | Ave sﬁ!ﬂa s?:;d Flank 536‘ Sust.
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20 21 22 23
o1 53 28 41 -19 24 [ 0721 | 1717 000 | 00 0 2807 89 35 340 24 340
02 56 26 41 -16 24 0 0722 | 1717 000 | 00 0 28.12 66 3 190 23 170
3 547 48 55 126 10 0 0722 | 1717 |RA 003 | 00 0 25.01 100 29 180 22 180
o4 50 33 42 -01 23 0 0723 | 1717 000 | 00 0 2182 28 16 340 14 340
05 43 28 41 08 24 0 0724 | 1717 |RABR 032 | 00 0 27 84 64 15 160 10 150
05 55 40 48 64 17 0 0725 | 1717 |RABR 030 | 00 0 27.88 52 13 160 10 160
7 62 49 56 14.7 9 0 0726 | 1717 |[RAFG ER 041 | 00 0 2105 25 12 240 9 240
[ 61 55 58 169 7 0 0727 | 1717_|RAER 045 | 00 0 27.62 22 13 110 9 140
08 56 46 51 102 14 0 0727 | 1717 [RABR 011 | 00 0 2787 43 15 170 12 140
10 49 44 47 84 18 0 or2s | 1718 |BR 000 | 00 0 27.91 58 13 130 12 170
1 50 44 47 67 18 0 0729 | 1718 |BR T 00 0 2785 35 12 140 8 330
12 58 45 52 1.9 13 0 o730 | 1718 000 | 0o 0 2783 4.1 13 150 9 160
13 46 a7 42 21 23 0 0730 | 1718 000 | 00 0 27.82 57 14 150 10 150
14 42 a7 40 03 5 0 0731 | 1718 |[RABR 076 | 00 0 2179 73 16 170 13 200
15 48 a7 43 35 22 0 0732 | 1719 [RABR 081 | 00 0 27.53 46 15 180 12 340
16 50 31 41 17 24 0 0732 | 1719 000 | 00 0 2758 6.1 25 290 17 300
17 50 27 3 01 26 0 0733 | 1719 000 | 00 0 27.60 43 23 310 17 330
18 40 28 4 | 49 31 0 0734 | 1720 000 | 00 0 2176 93 26 350 21 340
19 48 21 34 | 48 31 0 0734 | 1720 000 | 00 0 28.02 34 15 330 13 330
20 40 28 34 | 48 31 0 0735 | 1721 000 | 00 0 28.05 23 13 190 10 180
21 47 28 38 | 04 27 0 0735 | 1721 [RAEBR UP T 00 0 2789 53 17 170 14 180
2 45 33 3 0.7 26 0 0736 | 1722 |RABR 014 | 00 0 21.70 5.2 22 170 17 170
2 41 2 2 -16.1 43 0 0736 | 1722 |RA 010 | 00 0 2748 42 300 33 300
2 24 [ 12| -260 53 0 o737 | 1723 000 | 00 0 21.73 34 350 2 330
2 31 12 22 | -159 43 0 0737 | 1723 000 | 00 0 21.79 27 340 21 320
% 34 12 23 | -148 42 0 0738 | 1724 000 | 00 0 27.88 19 340 15 340
27 45 24 35 26 30 0 0738 | 1725 000 | 00 0 27.93 17 350 14 240
% 52 18 26 15 23 0 or3g | 1725 000 | 00 0 27.87 20 15 170 12 160
2 62 23 43 56 22 0 o739 | 1726 000 | 00 0 28.04 34 20 210 18 210
30 3 2 41 37 24 0 0739 | 1727 |RAFG BR UP 0.03 21.96 24 12 160 ] 180
31 4 46 50 127 15 0 0739 | 1727 |RAFG BR 013 | 00 0 2775 3.2 14 10 g 120
486 | 312 | 399 Monthly Averages | Totals 358 2786 | 3016 | 58
09 1.9 05 Departure from Normal (1981-2010) 0.00s
Degree Days | Number of days with...
Monthly Season-to-date Temperature _ initation Snow Weather
| Total Departure Total Departure Max Min " )
Heating 777 7 1697 >=00° |  <=32° <=32° | <=0° >=0.01" | >=1" T-Storms Heavy Fog
Cooling 0 0 991 0 | 2 16 | 1 12 | 0 2
Date of 5-sec to 3-sec wind equipment change Sea Level Pressure Greatest...
Date Time 24-Hr...
2008-10-16 i T 3052 02 0801 Precip | Snowfall Snow Depth
Minimum J 29.50 23 0319 1.57
Date
1415 I [
Station Augt ion
Name:ASHEVILLE FIRE STATION Lat: N/A Lon: N/A Elevation: N/A Distance: 0.25mi N Elements: SNOW Equipment: SNOWBOARD




U.S. Department of Commerce Local Climatological Data National Centers for Environmental Information

National Oceanic & Atmospheric Administration Hourly Observations 151 Patton Avenue
National Environmental Satellite, Data, and Information Service December 2022 Asheville, North Carolina 28801
Current Location: Elev: 2118 ft. Lat: 35.4318° N Lon: -82.5379° W Generated on 01/26/2023
Station: ASHEVILLE REGIONAL AIRPORT, NC US WBAN: 72315003812 (Unknown)
g Time s_m- Sky Visi- Weather Type (see documentation) D?’sr?::b W_?:::Ib De_g;?;nl Rel | Wind Wi!n:l Wind | Station Press. N?:ra' L‘ii:l Report Precip "A;.!:;_
t |(LsT) | fion | conditions | bility Hum |Speed| Dir |Gusts| Press |'ro 4| change |Press.| Type | 1ot | setting
e Type AU | AW | MW (F | © | (A | © | F | © % |(MPH)| (Deg) | (MPH)| (inHg) (inHg) | (inHg) ) | SinHg) |
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
01 | 0054 7 _|CLR:0O 10.00 33 08 27 -2.8 16 -89 49 14 340 25 27.96 3 -0.03 30.25 | FM-15 | 0.00 30.26
01 | 0100 4 9.94 33 0.6 27 -2.8 16 -89 49 14 340 27.94 3 -003 | 3025 | FM-12
01 | 0154 7 |CLR:00 10.00 32 0.0 26 -33 15 -9.4 50 14 340 25 27.99 30.26 | FM-15| 000 | 30.28
01 | 0254 7 |CLR:00 10.00 31 -06 26 -33 15 -9.4 52 1" 340 28.02 30.32 | FM-15| 000 | 30.32
01 | 0354 7 |CLR:0O 10.00 30 -1.1 25 | -39 15 -9.4 54 11 340 | 23 28.05 3 -008 |30.36 | FM-15| 0.00 | 3035
01 | 0454 7 |CLR:0O 10.00 30 -1.1 25 | -39 15 -9.4 54 13 340 | 21 28.068 30.38 | FM-15| 0.00 | 3036
01 | 0554 7 |CLR:0O 10.00 29 -1.7 24 | -44 15 -9.4 56 16 340 | 25 28.09 30.41 | FM-15| 0.00 | 30.39
01 | 0854 7 |CLR:00 10.00 29 -17 24 | -44 15 -9.4 56 17 340 | 28 28.09 0 -004 |30.42|FM-15| 0.00 | 3039
01 | 0700 4 9.94 29 -17 24 -4.4 15 -9.4 56 17 340 28.068 9 +0.04 | 30.42 | FM-12
01 | 0754 7 |CLR:0O 10.00 28 -22 24 -4.4 15 -9.4 58 21 340 | 33 28.10 30.42 | FM-15| 0.00 | 30.40
01 | 0854 7 |CLR:00 10.00 30 -1.1 25 | -39 15 -9.4 54 16 340 | 29 28.12 30.44 | FM-15| 0.00 | 3042
01 | 0954 7 |CLR:0O 10.00 34 11 27 -2.8 13 -10.6 42 13 010 20 28.15 3 -0.06 30.48 | FM-15| 0.00 30.45
01 | 1054 7 |CLR:0O 10.00 40 4.4 30 | -1.1 9 |-128| 28 14 340 22 28.15 30.47 | FM-15| 0.00 | 3045
01 | 1154 7 |CLR:0O 10.00 46 7.8 33 0.6 5 |-150| 18 10 350 21 28.12 30.44 | FM-15| 0.00 | 3043
01 | 1254 7 CLR:00 10.00 49 8.4 35 1.7 7 -13.9 18 8 010 2812 8 +0.03 30.43 | FM-15| 000 30.42
01 | 1300 4 9.94 49 9.4 35 1.7 7 -13.9 18 8 010 28.09 8 +0.03 | 30.43 | FM-12
01 | 1354 7 |CLR:00 10.00 51 106 | 35 1.7 4 | -156 | 14 8 350 28.10 30.41 | FM-15| 0.00 | 3040
01 | 1454 7 __|CLR:00 10.00 52 11.1 36 22 -] -13.3 17 3 VRE 28.10 30.40 | FM-15 | 0.00 30.40
01 | 1554 7 |CLR:0O 10.00 52 11.1 36 22 8 | -133| 17 3 010 28.10 5 +0.02 | 30.41 | FM-15| 0.00 | 30.40
01 | 1654 7 CLR:00 10.00 50 10.0 36 22 10 -12.2 20 0 000 28.10 30.42 | FM-15 | 0.00 30.40
01 | 1754 7 CLR:00 10.00 48 7.8 35 1.7 18 -7.8 32 7 VREB 2812 30.44 | FM-15 | 0.00 30.42
01 | 1854 7 CLR:00 10.00 42 5.6 33 0.6 17 -83 36 6 180 28.15 3 -0.05 30.47 | FM-15 | 0.00 30.45
01 | 1900 4 9.94 42 5.6 33 0.8 17 -83 36 6 180 28.12 3 -005 | 3047 | FM-12
01 | 1954 7 CLR:00 10.00 39 3.9 31 -06 17 -8.3 41 0 000 28.15 30.49 | FM-15| 000 30.46
01 | 2054 7 |CLR:00 10.00 36 22 30 -11 19 -72 50 3 150 28.15 3049 | FM-15| 000 | 3046
01 | 2154 7 |CLR:0O 10.00 32 0.0 28 | -22 22 -5.8 66 3 170 28.15 0 -001 | 3049 | FM-15| 0.00 | 3046
01 | 2254 7 |CLR:0O 10.00 31 -06 28 =22 22 -5.6 69 0 000 28.16 30.49 | FM-15| 0.00 30.47
01 | 2354 7 _|CLR:0O 10.00 29 -1.7 27 238 22 56 75 0 000 28.15 30.47 | FM-15 | 0.00 | 3046
02 | 0054 7 __|CLR:00 10.00 28 -2.2 26 | -33 22 -56 78 0 000 28.14 8 +0.01 | 3046 | FM-15| 000 | 3044
02 | 0100 4 9.94 28 -2.2 26 -33 22 56 78 0 000 28.10 8 +0.01 30.46 | FM-12
02 | 0154 7 |CLR:0O 10.00 27 -2.8 25 | -39 22 58 81 0 000 28.14 30.46 | FM-15 | 0.00 | 30.44
02 | 0254 7 _|CLR:0O 10.00 27 -2.8 25 | -38 22 -58 81 3 180 28.14 30.45 | FM-15 | 0.00 | 3044
02 | 0354 7 |CLR:00 10.00 26 -33 25 -39 22 -56 84 0 000 28.15 3 0.00 30.46 | FM-15| 000 | 30.45
02 | D454 7 |CLR:00 10.00 28 22 26 -33 23 -50 81 0 000 28.15 30.47 | FM-15 | 0.00 30.45
02 | 0554 7 |CLR:0O 10.00 29 -17 27 2.8 23 -5.0 78 6 140 28.15 30.48 | FM-15| 0.00 | 3046
02 | 0654 7 |FEW:02 120| 10.00 30 -1.1 28 | -22 24 -4.4 79 0 000 28.16 3 -002 |30.49 | FM-15| 0.00 | 3047
02 | 0700 4 9.94 30 -1.1 28 | -22 24 -4.4 79 0 000 28.13 3 -002 | 30.49 | FM-12
02 | 0754 7 |SCT:04120 | 10.00 32 0.0 29 -1.7 24 -4.4 73 3 150 28.18 30.51 | FM-15| 0.00 | 30.49
02 | 0854 7 |BKN:07 120 10.00 37 28 32 0.0 25 -39 62 3 170 2817 30.50 | FM-15 | 0.00 | 30.48
02 | 0954 7 |OVC:08 100| 10.00 38 33 33 0.6 24 -4.4 57 7 180 28.17 1 -001 | 3051 |FM-15| 0.00 | 3048
02 | 1054 7 |OvC:08 110| 10.00 42 56 34 11 22 -56 45 8 160 28.16 30.49 | FM-15| 0.00 30.47
02 | 1154 7 |BKN:O7 110| 10.00 44 67 36 22 24 -4.4 45 7 170 28.12 30.45 | FM-15| 000 | 30.43
02 | 1254 7 |CLR:0O 10.00 49 9.4 38 33 22 -5.6 35 7 140 28.10 8 +0.07 | 30.42 | FM-15| 0.00 | 3040
02 | 1300 4 9.94 49 9.4 38 33 22 -56 35 7 140 28.07 8 +0.07 | 30.42 | FM-12
02 | 1354 7 |BKN:07 120 | 10.00 53 1.7 46 78 39 39 59 16 180 26 28.07 30.39 | FM-15| 0.00 | 30.37
02 | 1454 7 |BKN:07 120 | 10.00 54 122 | 47 8.3 40 4.4 59 17 180 | 26 28.06 30.37 | FM-15| 0.00 | 3036
02 | 1554 7 |BKN:07 120 | 10.00 54 122 | 48 8.9 43 6.1 67 15 170 | 22 28.07 5 +003 |3038 |FM-15| 000 | 3037




Harmonized Land Station Data

Must be built from multiple source archives
- Requires reformatting native formats to a common format (not trivial!)

- Requires some mechanism for ongoing integration of newly available
historical sources (from data rescue and relaxed data sharing restrictions)

Requires a system for documenting, tracking and addressing errors

Fulfill the need to provide short time-delay updates for climate
monitoring and other applications

Management of station histories & other metadata (e.g., multiple
identifiers and aliases often with overlaps and changes over time)

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information 10



Hypothetical Station Record
Station X
Monthly Data (GHCN ID) f

Il bazh it good! Oh. ..

(Needs to be rescued or shared) Hourly Data (ISD ID->GHCN ID) i
2023
18agtional ID 1/Name 1 1948 1973
> National ID 2 (e.g. COOP)/Name 2 National ID 2/Name 3
éé
WBAN ID

 ——

WMO ID )WIGOS ID >

ICAO

Large effort required to ingest and reconcile station history sources and resolve inconsistencies with the
station histories and digital data record

HOMR is the “glue” that binds the data together and controls membership in NCEI's in situ data access
systems




Common Issues

Stations move...

..and are indexed
differently across data
sources.

Station ID Source ID Data Source

999999-94728 343
| (NOAA SWO) =
< - 725060-9472|§IOAA SWO343 -
..change names... ( ) B
S VU . - 725053-94728 343
ASHEVILLE RE« WAL AIRPORT, NC (NOAA SWO)
1961-04-10 to Present
725033-94728 343 —
(NOAA SWO) m
999999-94728 335
26 to 1961-04-09 3280) (IE:
725033-94728 335 (DSl

National Environmental Satellite, Data, and Information Ser3|280‘)ational Centers for Environmental Information

GHCN ID

USW00094728
12



Station Locations for Data Source 220




Challenges

® Data Access tools

e Adding sources with regular/routine updates

e Obtaining and managing station metadata for
non-NOAA stations

e Operations and Maintenance

e Fit for purpose computing platforms

® Answering user inquiries!

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information
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Compute issue: Hourly Data Flow

End Goal
n
N

g-ﬁﬁﬂ-

130+ sources e | million intermediate e 30,000 unique stations
Each contains 1 - 10,000 files e Parquet stored in S3
stations e & terabytes of flat text
Stored on HPC e 100+ billion

observations

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information 15



Parquet Conversion of Intermediate Files
Multi-Processing on AW S EC2

t+ @

16



50
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The Future

Integration of additional sources once per year
according to between C3S and NCEI

Alignment of data and station histories at the
margins where necessary

Enhanced connection to WMO'’s Oscar Surface
and use of WIGOS identifiers

More APl based updates

Cloud access for hourly data

QC across time resolutions

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information
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Atlas 15/BIL funding

Goal 1: Stewardship of U.S. Hourly and
Sub-hourly precipitation observations in
GHCNh

On track to add Cooperative
Observer Hourly Precipitation Data
(active and historic hourly and 15-
minute data)

ASOS High resolution (5-minute
totals)

U.S. Climate Reference Network
High resolution data (all variables)
Some HADS data

Data rescue and QC information
collected by Atlas 14/15 team

Goal 2: Enhanced data access

Timeline for the Development and Deployment of Updated
Authoritative Precipitation Frequency Estimates Nationwide

Feb. - Aug 2022 -
Published
methedelogy and
briefed stakeholders.

« Sept. 2022 -
Distributed Public
Notification Statement
(PNS) and collect
public feedback.

« Jan. 2023 - Hosted
technical workshop
with federal partners.

« Apr. 2023 - Award
contracts and grants
and initiate product
development.

The FLOODS Act signed inte law in December 2022 and known as Public Law No: 117-316, authorizes NOAA to establish a program, 1o be
known as the NOAA Precipitation Frequency Atlas of the United States. This program would compile, estimate, analyze, and communicate the

2024

+ Development - Evolve

framework. Create
Quality

Controlled National
Precipitation Database.
Evaluate Climate Model
Projections.

Pilot - Deliver Atlas 15
Vol. 1 and Vol. 2 pilot
over Montana,

Collect and adjudicate
feedback on preliminary
estimates and Web
dissemination strategies.

+ CONUS - Initiate 60-day
peer review for Atlas
15Vvol. 1and Vol. 2
for CONUS (lower 48
states).

Collect feedback and
adjudicate comments
on product.

+ CONUS - Complete
Atlas 15 Vol. 1
and Vol. 2 and
deliver estimates,
documentation
and supplementary
preducts to
stakeholders.

« oCONUS - Initiate peer
review for cCONUS
{e.g. Hawaii, laska,
Puerto Rico, U.S. Virgin
Islands, Guam).

Collect feedback and
adjudicate comments
on preduct.

+ oCONUS - Complete
Atlas 15 Vol. 1
and Vol. 2 and
deliver estimates,
documentation
and supplementary
products to
stakeholders.

frequency of precipitation in the United States and update these precipitation freguency estimates ne less than once every 10 years.

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information
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Wrap up

GHCN now part of larger effort that ties into more
systematic data rescue and data sharing
partnerships through C3S

Need to take the long view of continuous
reconciliation of data/station history issues and
addition of new sources

The plan is for GHCHh to be loaded into xmACIS

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information

20



Thank You!
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GHCNh format

Station_ID|Station_name|Year|Month|Day|Hour|Minute|Latitude | Longitude | Elevation |

temperature |temperature_Measurement_Code |temperature_Quality Code|temperature_Report
_Type|temperature_Source Code|temperature_Source_Station_ID]...

USW00003812 | ASHEVILLE AP|1940|11|01|12|00|35.4317|-82.5378|645.6|10.6| | 5| SAO-Airway |
314|723150-03812(9.4| |5|SAO-Airway]|...

Replaces ISD Format...

027672315003812194011011200G+35433-082483SA0 +0639KAVL
99991585900365002445EN001600599+01065+00945101695ADDGA1999+002445999GD14995+99
99999GF118185999999999999999999MA1999999093745MW1805EQDNO1

National Environmental Satellite, Data, and Information Service | National Centers for Environmental Information 22
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