
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Improved diurnal variability forecast of ocean surface temperature through community
model development

Karagali, Ioanna; She, Jun; Murawski, Jens; Høyer, Jacob

Publication date:
2019

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Karagali, I., She, J., Murawski, J., & Høyer, J. (2019). Improved diurnal variability forecast of ocean surface
temperature through community model development. 172-175. Paper presented at 20th GHRSST International
Science Team Meeting, Frascati, Italy.

https://orbit.dtu.dk/en/publications/52b497b4-3e7d-4829-b5d7-3fee4d16e0d0


GHRSST XX Proceedings Version 1.0 

3-7 June 2019, Frascati, Italy Date: 19/11/2019 

 

 

 

 

 

Page 172 of 204 

 

IMPROVED DIURNAL VARIABILITY FORECAST OF OCEAN SURFACE TEMPERATURE 
THROUGH COMMUNITY MODEL DEVELOPMENT 

Ioanna Karagali(1), Jun She(2), Jens Murawski(2), Jacob Høyer(2) 

(1) DTU Wind Energy, Technical University of Denmark, Roskilde, Denmark, Email: ioka@dtu.dk 

(2) Danish Meteorological Institute, Copenhagen Ø, Denmark, Email: js@dmi.dk, jmu@dmi.dk, jlh@dmi.dk 

 

1. INTRODUCTION 

The diurnal variability of SST, driven by the coincident occurrence of moderately low winds and solar heating, 
is currently not properly understood and resolved in models and products from the Copernicus Marine 
Environment Monitoring Service (CMEMS) of high spatial resolution. This results in erroneous estimation of 
air-sea interactions and heat budget, which causes demised model accuracies. In addition, diurnal SST 
variability complicates merging of SSTs from different satellite sensors thus having a direct impact on efforts 
to create climate records. Finally, a misrepresentation of the diurnal variability of the upper ocean temperature 
may result in large errors when modelling harmful algal blooms. The “Improved Diurnal Variability Forecast of 
Ocean Surface Temperature through Community Model development (DIVOST-COM)” project aims at 
developing and integrating a diurnal variability model with the Baltic Modelling & Forecasting Center (MFC) 3D 
physical-biological model and the SST Technical Advisory Council (TAC) Level 4 analysis to improve existing 
products and services for the Baltic Sea. To achieve this, the existing 1-dimensional General Ocean 
Turbulence Model (GOTM) will be developed to a common modelling tool, which uses the MFC PHY-BIO 
forecast and SST Thematic Assembly Centre (TAC) products as input to resolve and forecast the vertical 
temperature structure of the upper ocean with very high resolution. The aim is to assess the ability of the 
operational HBM model to reproduce the variability of the upper ocean temperature and evaluate the 
magnitude of the simulated and observed diurnal variability in the Baltic Sea. Preliminary results indicate 
similar biases and root-mean-square-errors when compared to in situ measurements and an overall reduction 
of bias and RMSE with SEVIRI, for some of the GOTM simulations. 

2. DATA AND METHODS 

2.1. HBM AND HIRLAM 

The operational BAL MFC model, i.e. currently the HIROMB-BOOS Model (HBM), temperature and salinity 
profiles are used as initial conditions. The state of the lower atmosphere, i.e. 2 m air temperature, wind 
components at 10 m above the ocean surface, mean sea level pressure, cloud cover and specific humidity, is 
retrieved from DMI’s operational modelling chain (DMI-HARMONIE 54h forecast). All input variables were 
available at hourly intervals. The Baltic (BAL) Monitoring & Forecasting Centre (MFC) domain is used as an 
example for the implementation and experiments.  

2.2. SEVIRI 

The O&SI SAF L3C, hourly subskin SST retrievals derived from Meteosat-11 SEVIRI brightness temperature 
data on a 0.05o regular grid (DOI 10.15770/EUM_SAF_OSI_0004) were obtained for the period April to August 
2018 from the LML FTP server, hosted by IFREMER. 

2.3. IN SITU MEASUREMENTS 

In situ measurements from fifteen stations in the Baltic Sea were collected, through CMEMS, for the period 
April - August 2018 (see Figure ). The water depth at the sites ranges from 20 m to 100 m. Six stations have 
available temperature measurements at various depths while the remaining nine stations have only surface 
measurements, typically at 0.5 m or 1 m. 
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Figure 1: Locations of in-situ measurement stations. 

2.4. GOTM 

The 1-dimensional General Ocean Turbulence Model (GOTM) [1] was used; building on previous sensitivity 
experiments from [3], surface fluxes and short-wave radiation were calculated from input meteorological data 
using the Fairall algorithm. The turbulence method was selected to be the turbulence model calculating TKE 
and length scale using a dynamic Kε equation and the dynamic dissipation rate for the length scale. For the 
stability, the Kantha-Clayson quasi-equilibrium method was used. The long wave radiation calculation was 
performed using a Brunt type formula with coefficients from [3]. For the attenuation of light in the water column 
a 9-band model with attenuation lengths from [5] and proportional coefficients from MODTRAN was used. 

2.5. DV ANALYSIS 

Using SEVIRI from April to August 2018, dates with significant diurnal warming were identified. The criteria for 
selection were based on the “dt_analysis” field included in the SEVIRI files, defined as the deviation from SST 
analysis or reference climatology – OSTIA [1] was used as a reference. Requirements were set such that for 
the domain of interest, defined as 53 °N – 60 °N and 6° E - 24.5 °E, at least 5 % of the grid points included in 
the domain with quality of the SST retrieval of 3 or more, showed a deviation from the reference of at least 
1 °C. From a total of 115 days identified, four were selected for more specific analysis, i.e. detailed GOTM 
simulations and comparisons with SEVIRI and HBM. In order to allow direct comparisons between the models 
and SEVIRI, the former have been re-gridded to match the SEVIRI grid, which is coarser than the simulations; 
approximately 5.5 x 3.5 km for the domain of interest.  

Furthermore and for the test sites (see Figure ) located below the latitude of 60 °N, i.e. the upper boundary of 
the SEVIRI disc, mean diurnal variability was computed by estimating the nighttime foundation temperature 
between midnight and 04:00 and extracting it from the daytime hourly SST. The diurnal amplitude, δSST, was 
defined as the mean of hourly day-time SST from 07:00 to 19:00 minus the foundation temperature, defined 
as the mean of night-time values from 00:00 to 04:00. 

3. RESULTS 

The mean δSST for SEVIRI, GOTM and HBM at some of the test sites from Figure 1 is shown in the left panel 
of Figure 2, with its variance on the right panel. SEVIRI shows mean diurnal amplitudes ranging from 0.4 °C 
to 1.2 °C with a variance ranging from almost 0 °C and up to 1.6 °C, depending on the location. Lowest 
variances, lower than 0.05 °C were identified for the Northern Baltic (station 005 in Figure ) and Greifswalder 
Oie (station 007), where the mean diurnal amplitude was relatively low, i.e. between 0.4 °C and 0.6 °C. To the 
contrary, stations Fehmarn Belt (002) and Asko (012) showed the highest mean amplitude (1 - 1.2 °C) and 
variance (1.5 - 1.6 °C). 
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Figure 2: Statistics of mean diurnal variability (left) and its variance (right) from 4 months of SEVIRI SST (red), GOTM 
(blue) and HBM (yellow) at selected test sites. 

Overall comparisons from the 2D simulations of GOTM, SEVIRI SST and HBM and for selected dates identified 
through the DV analysis of SEVIRI SST, are shown in Figure 3. The mean bias between SEVIRI and GOTM 
ranges between 0.2 °C and 0.85 °C, depending on the date. The mean bias between SEVIRI and HBM ranges 
between 0.6 °C and 1.25 °C; it is 0.4 °C and up to 0.6 °C higher than between GOTM and SEVIRI. When 
looking at the RMSE (right panel of Figure 3), values range between 1 °C and 1.4 °C for GOTM, while for HBM 
they are much higher, i.e. 1.2 °C to 2.0 °C. 

 

 

Figure 3: Mean bias (left) and its standard deviation (right) for SEVIRI, GOTM, HBM comparisons from 07:00 - 19:00 on 
each of the 4 identified dates (different colours). 

During the event of May 8, warming exceeding 1 °C in more than 5 % of the SEVIRI grid points covering the 
domain was maintained during the whole day, i.e. for 24 hours. The differences between SEVIRI and the 
models at 13:00 are presented at the top row of Figure, while the differences at 16:00 at the bottom row. Areas 
of significant SEVIRI warming that are misrepresented in the models appear as very bright and their extent is 
significantly larger at HBM compared to GOTM for both time instances considered. 

Figure 4 shows differences between GOTM and HBM at 13:00 (a, b) and 16:00 (c, d). As expected, significant 
deviations of up to 2°C are identified for the same areas where SEVIRI indicated strong warming patterns, 
especially for the GOTM 2.5 mm layer (a, c) consistent with the results from Figure 4. Note how the differences 
become significantly smaller in amplitude and area at 16:00 compared to 13:00. Panels b and d of Figure 5 
show the same differences as described above but calculated using the 1.5 m GOTM layer. Differences 
between the two models are significantly lower in amplitude and spatial extent when the same depth is 
considered and for the simulation at 13:00, while they become almost zero at 16:00. 
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a b c d 

Figure 4: SEVIRI-GOTM temperature (0.2 cm vs 9 cm) and SEVIRI-HBM temperature (0.2 cm vs 1 m) for the grid points 
with SEVIRI quality flag >=3. Panels a and b show comparisons at 13:00 while the panels c and d at 16:00. 

a b c d 

Figure 5: GOTM temperature at 2.5 mm minus HBM 1.5 m (a,c) and GOTM-HBM at 1.5 m (b,d), at 13:00 (a,b) and 16:00 
(c,d) on 8th May 2018. 

4. CONCLUSION 

Mean δSST from SEVIRI exceeding 1 degree at test locations in the Baltic, where mean DV amplitudes from 
GOTM were found to approximate SEVIRI better compared to HBM. Individual diurnal warming cases 
simulated over the entire domain indicated that GOTM was able to resolve warming not present in HBM, with 
mean biases SEVIRI minus GOTM being 0.5 °C lower compared to SEVIRI minus HBM. For extended diurnal 
warming events, GOTM reduced biases with SEVIRI by 1°C or more compared to HBM. 
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