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ABSTRACT: Although the high amount of solar irradiance in the tropics is an advantage for a profitable PV 

production, the local meteorological conditions induce a very high variability which is problematic for a safe and 

gainful injection into the power grid. This issue is even more critical in non-interconnected territories where network 

stability is an absolute necessity and the injection of PV power has to be limited.  

The basis for precise cloud evolution and subsequent irradiance forecasts are high quality atmospheric analyses for 

NWP. Geostationary meteorological satellites provide valuable observations of cloud properties with high spatio-

temporal resolutions and allow a pertinent data assimilation.  

The shortcoming is that optical and thermal channels of satellite sensors do not provide cloud properties from inside 

clouds. Different existing data assimilation approaches aim at deriving atmospheric analyses with most realistic cloud 

features, utilising geostationary satellite observations. The potential of assimilating satellite-derived cloud 

information in regional NWP with focus on irradiance forecasts in tropical regions has not been evaluated so far. 

Hence, the present work aims at evaluating the potential of geostationary satellite data assimilation in limited-area 

models applied to the French tropical oversea territories Reunion Island and French Guiana. 
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1 INTRODUCTION 

 

The globally installed amount of PV systems is 

expected to grow from 178 GW in 2014 to 540 GW by 

2020 ([1]). This implies that solar power is becoming a 

major component of the future global energy mix and 

opens the way towards independence of fossil fuels and 

thus a reduction of global warming. Nevertheless, the 

exploitation of solar power is a technological challenge. 

As the photovoltaic power production reduces in the 

presence of clouds, its intermittent character constitutes 

an obstacle concerning grid injection. In France, the 

injection of intermittent renewable energies is legally 

capped at 30 %. This threshold has already been 

exceeded in Corsica (40 %) and in the French tropical 

oversea territories Guadeloupe (35 %), Reunion Island 

(39 %). In French Guiana it already reached 25 % [2].  

Reliable forecasts of the solar power production 

facilitate a safer injection of PV power into the grids and 

will in the long term permit the elevation of legal 

injection limits. The high amount of irradiance in the 

tropics, combined with the fact that non-interconnected 

territories are obliged to be energy independent, leads to 

the importance of accurate irradiance forecasts in such 

regions if one wants to increase the injection of PV into 

the grids [3] [4]. 

Regarding the requirements for temporal (a few 

minutes) and spatial (a few kilometers) resolutions of 

day-ahead solar power forecasts, numerical weather 

prediction (NWP) is the only appropriate forecasting 

solution. Solar power production forecasts almost entirely 

depend upon the forecast of the Global Horizontal 

Irradiance (GHI), directly driven by cloud conditions. 

Being able to predict cloud cover and its evolution thus 

means being able to predict solar power production. 

Since many physical processes which have large impacts 

on cloud and radiation processes have to be 

parameterised in NWP models, irradiance predictions by 

NWP models exhibit a considerable lack of precision 

regarding solar energy applications [5] [6]. 

The temporal and spatial resolutions of global 

weather models (around 0.25° grid spacing and 3h 

temporal resolution) do not permit high-precision cloud 

evolution forecasts. It is therefore necessary to apply 

dynamical downscaling with regional NWP models in 

order to increase the spatio-temporal forecast resolution 

and permit a more realistic simulation of cloud processes. 

Irradiance prediction in the tropics is particularly 

difficult due to pronounced convection, homogenous air 

masses and large temperature contrasts between land and 

sea [7]. 

 

2 CURRENT STATUS OF RESEARCH 

 

Efforts are being made to improve irradiance 

forecasts by improving the internal model processes (e.g. 

WRF-Solar [8] or optimal model configuration [9]). 

Nevertheless, such efforts do not necessarily improve the 

forecast results if the initial conditions of the NWP 

simulation already lack precision. 

 

2.1 Geostationary meteorological satellite data 

assimilation 

 

The quality of NWP forecasts largely depends upon 

the initial conditions which are used to launch the NWP 

model. Data assimilation is the procedure which 

statistically combines observations and short-range NWP 



forecasts (first guess) in order to derive the best possible 

analysis of the atmospheric state on the entire NWP 

model grid [10]. Various meteorological observations 

(synoptic stations, buoys, radiosondes, aircraft 

measurements, satellites, radars, etc.) can potentially be 

used to derive the initial atmospheric state for NWP. The 

various types of observations have to be treated 

differently in the data assimilation process. 

Besides the advantages of high temporal and spatial 

resolution and coverage, geostationary meteorological 

satellite observations provide pertinent information about 

cloud presence and evolution. Leveraging the remote 

sensing technology together with data assimilation 

techniques is a promising solution for improving solar 

irradiance forecasts, especially in data-sparse regions like 

islands. 

Different existing approaches aim at deriving 

atmospheric analyses with most realistic cloud features, 

utilising satellite observations. Two approaches exist: the 

direct assimilation of observed radiances and the 

assimilation of cloud physical properties. 

 

2.2 Direct radiance assimilation 

 

This technique is massively performed in global 

NWP models by weather centers around the world.  

A radiative transfer model is used to simulate a 

radiance observation from the model variables. Within 

the data assimilation procedure the model’s initial state is 

subsequently modified by statistically combining the 

synthetic observations and the actual radiance 

observations measured by the satellite [11]. 

Since the optical and thermal sensors on 

geostationary meteorological satellites do not always 

capture information inside clouds, the data assimilation 

procedure has to adapt to different cloudiness conditions. 

Therefore, in many current assimilation systems, most 

cloud-affected radiance observations are discarded [12].  

Since the direct assimilation of radiances brings 

along a number of critical issues to solve, the method has 

not yet been exploited in regional models regarding the 

tropics. Accordingly, an appropriate radiance data 

assimilation system for GHI forecasts must address the 

following issues: 

 observation and background error estimation 

 an accurate estimation of atmospheric profiles 

and cloud microphysical properties 

 the choice of appropriate satellite channels 

 optimal thinning of radiance observations 

 bias correction. 

 

2.3 Physical cloud property assimilation 

 

Besides the direct assimilation of radiances, another 

approach is to assimilate geostationary satellite 

observations into limited-area models is the assimilation 

of derived cloud properties. This is an active field of 

research since approximately the beginning of this 

century [13] [14]. 

Recent research focusses on the assimilation of 

cloud-top information like cloud mask, cloud top-height, 

cloud-top temperature, cloud type classification, cloud 

liquid and ice water path and cloud albedo. In one 

existing approach the initial water vapour profile of the 

WRF model has been directly modified using cloud-top 

properties derived by GOES imagery [15]. Another 

initiative uses MSG imagery, an ensemble Kalman filter 

and the COSMO NWP model in order to assimilate 

cloud-top height and relative humidity [16]). Cloud top 

property assimilation has also been experimentally and 

successfully performed in the Rapid Update Cycle of the 

HIRLAM model, operated by the Royal Netherlands 

Meteorological Institute [17]. All recently published 

approaches that address cloud property assimilation show 

improved cloud cover forecasts or solar irradiance 

forecasts, respectively. This shows the general potential 

of such techniques to improve cloud cover and solar 

irradiance forecasts. Nevertheless, special attention to the 

tropics has not been drawn so far.  

Although all approaches from recent years provide 

improved cloud cover forecasts or irradiance forecasts in 

mid-latitudes, the major limitation is that only clear-sky 

or completely cloud cases can be considered. Fractional 

clouds cause a measured signal mixing cold clouds and 

warmer Earth surface. As a consequence, clouds are 

usually considered as single-layer clouds. 

 

3 AREAS OF STUDY 

 

So far there has not been any research focus on the 

assimilation of geostationary satellite observations in 

regional NWP with the goal of improving cloud cover 

forecasts in the tropics. The aim of this work is to 

evaluate the benefits of this practice in the non-

interconnected French oversea territories Reunion Island 

and French Guiana (Figure 1). Going along with the 

global increase of installed PV power, these zones 

likewise experience a rapid increase, e.g. 8.3 % increase 

of installed solar power on Reunion Island in 2013 [18]. 

While Reunion Island is surrounded by ocean for 

hundreds of kilometres, French Guiana has both 

continental and maritime influence. Reunion Island has a 

distinct orography with up to 3000 m high mountains 

which facilitate local thermal circulations. There are no 

major elevations in French Guiana which makes it a good 

site for studies of coastal clouds which are influenced by 

sea breeze effects.  

 

 
Figure 1: Geographic locations of French Guiana and 

Reunion Island. 

 

 

4 OUTLOOK AND GOALS OF THIS WORK 

 

For the first time, we evaluate the potential of 

assimilating satellite-derived cloud information in 

tropical regions. In a first study on Reunion Island, 

Meteosat-7 (IODC service) observations are assimilated 

in the COSMO model using its Ensemble Kalman filter 

(EnKF) data assimilation system [19]. This serves as an 

initial evaluation of remotely sensed cloud information 



assimilation in a state-of-the-art regional NWP modelling 

system, applied to the tropics. Surface irradiance 

measurements are used in order to validate the simulation 

results.  

In the next step, a satellite data assimilation strategy 

for the WRF model is chosen. In the course of this, the 

results of the experiments using COSMO help 

approaching diverse issues: the interplay of nesting and 

satellite data assimilation, satellite channel selection, bias 

correction and observation error treatment. Applying two 

models to the same region allows to compare the 

influences of changes in the data assimilation procedure 

on the simulation results.  

The chosen WRF satellite data assimilation strategy 

is then being applied and tested on Reunion Island (using 

Meteosat IODC data) and in French Guiana (using 

GOES-East data).  

 

5 CONCLUSION 

 

In conclusion, this work is an innovative research 

approach, aiming at increasing the injection of solar 

power into the electricity grids of non-interconnected 

tropical territories.  

The assimilation of radiances and cloud properties 

into limited-area models is not yet exploited and 

constitutes a promising approach for improving cloud 

cover and solar irradiance forecasts in the tropics.  

The raised solution could be a major contribution to 

facilitate the energy autonomy of such territories by an 

optimal use of the abundant solar energy yield which is 

largely under-exploited so far.  

Reunion Island and French Guiana constitute ideal 

tropical, yet European experimental sites for testing 

solutions for solar power injection. Nevertheless, the 

outcome of this work will be applicable to all non-

interconnected territories in tropical areas. It might 

permit the numerous developing and very populated 

countries in the tropics to increase their green economic 

growth by an optimal use of solar energy. 
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