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INTRODUCTION

Within IMMERSE H2020, we contributed on the development on interfaces for the design and

implemention of a seamless interface for CMEMS users to access and use model & observations
products

This is part of the WP7,T7.3 coordinated by CMCC in collaboration with NOC

The main objective of this study is to present a numerical prototype that helps to connect CMEMS
and Coastal Community, combining NEMO-based tools and custom CMEMS-oriented processing tools
for interfacing coastal models with CMEMS (to be possibly used through DIAS)



* IMMERSE Interfaces will be the result of the integration of state-of-the-art procedures and novel ones
for building new advanced numerical models based on NEMO
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WEKEO FOR IMMERSE

WEKEO ) DASHBOARD SERVICES DATA DOCS SUPPORT PRICING SIGN OUT

Copernicus and Sentinel data at your fingertips
alongside cloud computing resources and tools

Fighting against COVID-197? Contact us for free cloud resources

Watch on @ YouTube
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Browse and download Copernicus Build your application on modern Discover what others have built Enjoy comprehensive support on

and Sentinel datasets in a unified cloud infrastructure with a with WEKEO data and tools, and infrastructure, tools, as well as

panoply of processing tools become a part of a community Copernicus and Sentinel data

way

IMMERSE interfaces and WEKEO support:

* To access and discover the CMEMS catalogue, including both model and observational data

* To manipulate accessed datasets to extract relevant physical information for a new NEMO-based
configuration

* To prepare NEMO set of upstream files and to validate NEMO solution by using CMEMS Q
observational datasets




IMMERSE INTERFACES
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STREAMING DATA DIRECTLY INTO PYTHON
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Python 3.7

Jjupyter

Towards innovative interfaces thanks to:
* Integration of new technologies
* Model-View-Controller approach




SOFTWARE ARCHITECTURE DESIGN

» Since Model, View and Controller are decoupled, each one of the three can be extended,
modified and replaced without having to rewrite the other two
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WEKEO HAD API

https://www.wekeo.eu/hda-api

The Harmonised Data Access (HDA) API allows
uniform access to the whole WEKEQ catalogue,
including subsetting and downloading
functionalities
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SERVICES DATA DOCS SUPPORT

Layers: 1 ©

@ Sea water potential
temperature
s

Start date end date*
From: 01/03/2021 0O Asintimeline
To: |07/03/2021 (3] | Asintimeline

Start depth® ©
® 1.0182366371154785
D 10536603927612305
O 1005.135498046875
D 104.94397735595703
D 1040.0762939453125
D 1075.914306640625
D 1112,6636962890625
D 112.25020599365234
D 1150.33837890625
) 1188.9521484375
O 119.85543060302734
D 1228.518798828125
D 1269.0517578125
) 127.76783752441406
) 13.318384170532227
) 1310,564208984375
2 135.9958038330078
) 1353.0693359375
) 1396.5799560546875
D 144.5478973388672
O 1441.108642578125
O 1486.6678466796875
O 153.43284606933594
O 1533.2694091796875
D 1580,9251708984375
) 16.270585013793945
D 162.6596221923828
) 1629.6466064453125
D 1679.44482421875
D 172.2373504638672
O 1730.330322265625
D 1782.3135986328125
D 182.17535400390625
) 1835.404541015625
) 1889.6126708984375
O 19398210525512695
) 192.48313903808594
D 1944,9471435546875
O 2001.4166259765625

ACCESS TO WEKEO

PRICING SCILIBERTI  SIGN OUT

</> APl request | Copy

The API request must be
copied and integrated by
the user inside his/her

This is the Harmonised Data Access (HDA) API request corresponding to the
selected job. For more information on the HDA and how to use it in your own
WEKEQ infrastructure, visit the HDA documentation.

"datasetId": "EO:MO:DAT:MEDSEA ANALYSIS_FORECAST PHY 006_013:me
"boundingBoxValues": [

£ code/notebook
!é?t?RangTSefectYa%uef": [ \\\l Vs
- e ~| InterNEMO instead )
e | generates automatically
e % the API request, using

"service",
"MEDSEA ANALYSIS FORECAST PHY 006 013-TDS"

\, i_ HDA API function and
)ﬁ JSON parser. This is done
‘ inside the Access Module

‘ "name": "product",
"value": "med00-cmcc-tem-an-fc-d"

"name": "startDepth", 3 i B
"value": "1.0182366371154785" :

"name": "endDepth",
"value": "1.0182366371154785"



In [1]:

In [2]:

ACCESS MODULE FOR WEKEO

Importing Modules: the core for the
Access Module interface is AMController, which
This notebook provides the steps for discovering the CMEMS catalogue through Wekeo DIAS. implements Harmonized Data Access API
via notebook in an automatic way
(https://www.wekeo.eu/hda-api)

1. Import Modules
As first step you need to import all modules used in this notebook, implemented in a separate file.
from AMController import *

import warnings
warnings.filterwarnings("ignore")

2. Load and Visualize Product Catalog Load and Visualize Product Catalogue: it performs the same
At now, a partial catalog is visualized. steps as in the standalone version, but accommodating
Wekeo requirements. The AMController returns the list of
c = AMController() . . .
c.display_catalog() services and products as configured to the user, which may
Services: | MEDSEA_ANALYSIS_FORECAST select and load the preferred ones v
Products: | EO:MO:DAT:MEDSEA_ANALYSIS_FORECAST_PHY_006_013:med00-cmcc-tem-an-fc-m v

Load Metadata

Mediterranean Sea Physics Analysis and Forecast

""'Short Description:""' The physical component of the Mediterranean Forecasting System (Med-Currents) is a coupled hydrodynamic-wave model implemented over the
whole Mediterranean Basin. The model horizontal grid resolution is 1/24° (ca. 4 km) and has 141 unevenly spaced vertical levels. The hydrodynamics are supplied by the
Nucleous for European Modelling of the Ocean (NEMO v3.6) while the wave component is provided by Wave Watch-lll; the model solutions are corrected by a variational
data assimilation scheme (3DVAR) of temperature and salinity vertical profiles and along track satellite Sea Level Anomaly observations. '"'Product Citation:'* Please

refer to our Technical FAQ for citing products.http://marine.copernicus.eu/fag/cite-cmems-products-cmems-credit/?idpage=169



ACCESS MODULE FOR WEKEO

3. Logging in using Wekeo credential Logging using Wekeo credentials: once the
user has selected the preferred dataset, before

proceeding he/she needs to insert the Wekeo
In [3]: |c.display login() credentials (they can be created though
Username: | sciliberti | Password: |seeseeeseee l https://www.wekeo.eu/web/guest/user-

registration)

Log in by using your Wekeo User Credential. If you don't have them please visit here

Log in

Copernicus_General_ License Terms and Conditions already accepted

4. Discovery and Download File

Set the parameters for downloding.

You can use the product information visualized in this section to set the parameters needed for downloding.

In [4]: c.display mtd()

Bounding Box Date Range Variables Depths
#  lat_min lat_max lon_min lon_max
0 -17.2916660308837890625 45.979167938232421875 36.291667938232421875 30.1875

Discovering and download the product: the controller implements
additional functions for visualizing dataset metadata




ACCESS MODULE FOR WEKEO

In [5]: c.display_download()

Lon Min: | -17 Lon Max: » 15
Lat Min: | 30 Lat Max: » 40
Date Min: | 2018-10-01T12:00:00.000Z ‘ Date Max: v 2018-10-30T12:00:00.000Z
Depth Min: | 5.464963436126709 Depth Max: | 10.53660392761 2305|
bottomT bottomT
thetao thetao The download is launched once the user
— specifies the preferred bounding box, temporal

coverage, layer and variable(s)

In [5]: c.display_download()

| |4

17. 0&y_l;=15 .0&variable=bottomT"

1, y To verify the correctness of the download process, the
"itemsInPage": 1, a . o
*nextPage" s mull. run process returns a list of messages, including

"page": 0, estimation of the file size, processing time and status

"pages": 1,
"previousPage": null,
"totItems": 1
}
khkhkkkkkhkhkhhkkkhkhhhkhhkhhhhhhhkhkhbhhhdkkhhhhdddkdhk
Query successfully submitted. Order ID is yYZ8VDPDmmDRIBavVSfqJ3zocbM
Query successfully submitted. Status is completed
Downloading
File size is: 1.16 MB
[ ] 33.59 Mbps| 1.17]) MB downloaded, 33578.16 kbps
Download complete...
Time Elapsed: 0.03566799999999981 seconds
Query successfully submitted. Response is <Response [200]>
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In [3]:

PROCESSING & ANALYSIS

Plot 2D Map

In this section you can plot the 2D map of the variables of interest. In particular, 4 different types of plots are available:

« simple : plot the 2D map of the variable of interest for each timestep and for each depth

« mean/min/max : plot the mean/min/max of the variable in the period of interest

In [3]: c.display ds()

Variable:

Plot Type:

Plot Map

Variable: so - Plot Type: mean

so

mean v

depth: 2.5011 m
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3. Display 2D map
c.display map()
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Plot Timeseries

In this section you can plot the timeseries of the variables of interest.

In [4]: c.display_ts()

Variable: | so v

Depth: | 2.5010786 V‘

Plot Timeseries.

Variable: so - Depth: 2.5010786
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CONCLUSIONS

Baseline:
Centralization: one access point for CMEMS data thanks to WEKEO

Integration: Python-based codes and libraries are integrated to develop new interfaces for data
access

Deployment: multiple architectures / one way to code for continuous integration and continuous
development thanks to MVC approach

Operations: easy transfer from R&D to operational environment thanks to flexible interfaces able
to perform processing and data analysis

Supporting WEKEO for supporting next generation of pre-operational tools able to

Facilitate the definition of new NEMO-based configurations as baseline for new developments

C,

Enforce the assessment of numerical results thanks to efficient access to observations and
model products
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Useful links:
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WEKEO DIAS: https://www.wekeo.eu/

Harmonized Data Access API: https://www.wekeo.eu/web/guest/hda-api

InterNEMO: https://github.com/CMCC-Foundation/immerse

PYNEMO: https://github.com/NOC-MSM/PyNEMO/tree/IMMERSE
IMMERSE H2020 Project: https://immerse-ocean.eu/
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