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Introduction to Copernicus Arctic Regional Reanalysis (CARRA-2).
HarmonEPS: Configuration and Data Assimilation Techniques.
High-Resolution Data Assimilation Across a Large Domain for B-Matrix Computation.

Seasonal Variation Impact of the B-Matrix on the CARRA-2 Domain.
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Results and Future Plans with Uncertainty Estimation Using Deep Learning (Al).
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Copernicus Arctic Regional Reanalysis (CARRA-2)

Change Concept: Reanalysis is a method of reconstructing past atmospheric states by using historical observations in conjunction with a weather
forecasting model. CARRA-2 reanalysis is a high-quality climate data product by assimilating long time series of observations into
Harmonie model and 3D-VAR data assimilation system to provide the best estimate of the atmospheric state.

HARMONIE-AROME Cy46h1
Horizontal resolution 2.5 km
Number of grid points 2880 x 2880

Number of vertical levels 65
Model dynamics Hydrostatic

Surface scheme

12-layer soil + 14-layer snow diffusive scheme

Upper-air data assimilation

3D-Var

Surface data assimilation

Simplified Extended Kalman Filter

Assimilation frequency

3-hourly, 6-hourly (for Ensemble)

Output frequency

3-hourly analyses and hourly forecasts (3h after the 6h forecast
range)

Forecast lengths

18h from 00 UTC and 12 UTC and 3h otherwise

Time coverage

September 1985 - December 2025 (timely updates are planned)

When data available

Full time series expected to be available spring 2026

https://climate.copernicus.eu/copernicus-arctic-regional-reanalysis-service

New generation Arctic reanalysis CARRA2:
pan-Arctic extension
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@ HarmonEPS: Configuration
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6HR FC 6HR FC 6HR FC
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iN {e . *3D-VARDA - * *
: \—A,—‘—, : AN AN

Model: High resolution (2.5-km) convective permite HARMONIE-AROME (CY46) regional numerical
weather prediction model.

Data Assimilation: 3D-VAR for upper air observation assimilation from both in-situ and satellite sensors.
Estimation of background errors from CARRAZ2-EDA with 10 ensemble members.

Ensemble Prediction System (EPS):
e 9-member and a control.
e |C/BCs use members of an ERA5 EDA 10-ensemble members.
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Climate
Change Cost Function for the Incremental Formulation:
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STATIC

The background error statistics (BGE) also referred as a Structure Functions, are produced through the
standalone FESTAT (Forecast Error Statistics, MNC) method in control space. The control variables
encompass vorticity, divergence, specific humidity, surface pressure, and temperature.

_c EC MWF (Op’ern!CLr)'S m European



Climate
Change

Temperature (in K) at level 60 Valid on 20090902 at 00 UTC
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Assimilated Observation and Cost Function:

Assimilated Obs = 90564
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Observation Space Statistics: ZONAL WIND (U)
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DATA DISTRIBUTION
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Observation Space Statistics: ZONAL WIND (U)

Systematic Error (or Bias in Zonal Wind)

TIME SERIES ZONAL WIND (U)
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@ Observation Space Statistics:
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MERIDIONAL WIND (V) TEMPERATURE (K)
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Seasonal Variation of B-Matrix
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High-resolution analysis and a deterministic forecast were
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Assimilated Atmospheric Motion Vectors (AMVs):

Climate
Change
g 400 ME:FOP — AQUA (MODIS)

= i i

4 0-B) = -0.21 | -0.12 i

§ (0-A) =-0.1 | (0-A) =-0.02

OBS count = 14766 OBS count = 8966
Assimilated AMVs on 20100927 2 200 100
50°N 50°N
0! 0!
-10 -5 0 5 10 -10 -5 0 5 10
TERRA (MODIS) NOAA-18

5 3001 ! 01 |

8 (0-A) = 0.03 (0-A) = 0.07 I

O 200 OBS count = 15956 OBS count = 1234 i

§ 20

100
076 =5 0 5 10 9% =5 0 5 10
50°N 1 METEOSAT: 0
P- “Noghts a NOAA-15 METEOSAT
e - 0.05
TERRA-MOD: 15956 15 E
AQUA-MOD: 8966 0-B) = 0.0 i 0-B) = na
3 METOP-A: 14766 'E (0-A) = 0.04 | (0-A) = nan
. S 101 oOBS count =329 OBS count = 0
50°N 50°N 3 0.00
@ 5
o
0l —-0.05
-10 -5 0 5 10 -10 -5 0 5 10
. .. . Error (m/sec) Error (m/sec)
Valid on 20100927 and for all assimilation cycle
ECMWF (opemicus Il &,



Assimilated Atmospheric Motion Vectors (AMVs):
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Assimilated GPSRO:

Climate
Change

50°N

50°N

(O-A).

Assimilated GPSRO on 20100927

= o 50°N
o \
Y o n‘\ o‘ A o
e p @ ° o
&4 - 4
o @
® [}
o
o, y .
ey | w0 = ! NokhPolg ~ ~
Vi
] 'O°
o -
o 0\ ° 0 *
L} ] « °
-
L]
'\ -
.:A 5 o o
- . - * |, .. METOP: 2526
ud L4 ° {
- - GRACE-A: 1540
s = “\ COSMIC-1: 1558
2 4 Y 7 COSMIC-2: 954
Qo ® COSMIC-4: 2039
50°N 50°N

OBS COUNT

OBS COUNT

OBS COUNT

METOP (GRAS) GRACE (GPS)
75
100 =919 \ B
:)Ol;smc;u:;.l;2526 50 g‘l‘lg)c;u:t.: 1540
50 5%
03 -1 0 1 > Y4 o 1 2
COSMIC-1 COSMIC-2
40
60
(0-A) = -0.07 (0-A) =-0.13
40 OBS count = 1558 20 OBS count = 954
20
| Fl I’ -
-2 -1 0 1 2 =2 -1 0 1 2
COSMIC-4 COSMIC-6
75 30
(0-A) =-0.11 (0-A) = -0.09
50 OBS count = 2039 20 OBS count = 513
25 10 1
05 1 0 1 2 % 1 o 1 2
Error X 10 5 Error X 10 5

Statistics of the assimilated GPSRO (refractive index) show a systematic
negative error in both the background (O-B) and analysis increments
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Validation:
Climate

Change Extreme Storms over Europe on 26 December 1999

Accumulated Rain (kg/m2) Storm Lothar:(0000-1200 UTC)
< g 20-0 It was caused by a low named
Lothar, and left a trail of destruction from Denmark to
southern Germany.
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Vertical Level

6-hr forecast difference (B1-B2) time series of Wind
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@ SUMMARY:
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Data assimilation in CARRAZ2 re-analysis plays a important role.

High quality of analysis needed good quality of observation after quality control and data
thinning.

Assimilation of high-quality observations is important. It is always essential to
incorporate good-quality observations into the CARRA2 domain.

The seasonal variation of the B-matrix are significant in enhancing both analysis and

forecast skill.
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NEXT:

Uncertainty Estimation in Ensembles Across the CARRA-2 Domain: Leveraging Machine Learning (Al)

L1: Information from Observation Space L3: Al based Denoising Diffusion Probabilistic
4 Models (DDPM)
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* Denoising Diffusion Probabilistic Models (DDPM) with Convolutional Neural

Networks (CNN) utilize CNNs to learn the process of removing noise from data in
multiple steps. The CNN helps in capturing spatial patterns effectively, making
DDPMs well-suited for generating high-quality ensembles and high-resolution data
by progressively refining them through learned noise-reversing transformations.
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Thanks for your Attention !

Swapan.Mallick@smbhi.se
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