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Abstract

District heating networks are commonly addressed in the literature as one of the most effective solutions for decreasing the 
greenhouse gas emissions from the building sector. These systems require high investments which are returned through the heat
sales. Due to the changed climate conditions and building renovation policies, heat demand in the future could decrease, 
prolonging the investment return period. 
The main scope of this paper is to assess the feasibility of using the heat demand – outdoor temperature function for heat demand 
forecast. The district of Alvalade, located in Lisbon (Portugal), was used as a case study. The district is consisted of 665 
buildings that vary in both construction period and typology. Three weather scenarios (low, medium, high) and three district 
renovation scenarios were developed (shallow, intermediate, deep). To estimate the error, obtained heat demand values were 
compared with results from a dynamic heat demand model, previously developed and validated by the authors.
The results showed that when only weather change is considered, the margin of error could be acceptable for some applications
(the error in annual demand was lower than 20% for all weather scenarios considered). However, after introducing renovation 
scenarios, the error value increased up to 59.5% (depending on the weather and renovation scenarios combination considered). 
The value of slope coefficient increased on average within the range of 3.8% up to 8% per decade, that corresponds to the 
decrease in the number of heating hours of 22-139h during the heating season (depending on the combination of weather and 
renovation scenarios considered). On the other hand, function intercept increased for 7.8-12.7% per decade (depending on the 
coupled scenarios). The values suggested could be used to modify the function parameters for the scenarios considered, and 
improve the accuracy of heat demand estimations.
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Abstract

The mass, momentum and energy fluxes between the atmosphere and ocean surface depend on the state of the ocean surface. The
fluxes in turn can significantly alter the nature of the marine boundary layer and the state of the ocean surface. These interactions can
be modelled deterministically using a multiphase modelling approach or using a semi-stochastic approach. While the multiphase
approach can give better insights (e.g. wave generation), it is computationally too expensive and not suited for modelling ocean
waves which are inherently random in nature. It is for this reason that in a forecasting context, semi-stochastic approach is
still the workhorse. Furthermore, even in a semi-stochastic approach ocean and atmospheric models can be coupled in either
unidirectional way (ocean affecting the atmosphere) or bidirectional way (both ocean and atmosphere affecting each other). Current
work compares the performance of these two coupling approaches and validates them using significant wave heights and 10m wind
magnitude.
c© 2016 The Authors. Published by Elsevier Ltd.
Peer-review under responsibility of SINTEF Energi AS.
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1. Introduction

The exchange of mass, momentum and energy between atmosphere and ocean surface depend on the state of the
surface. For example, young ocean waves typically have a larger roughness compared to older waves and hence
bigger mass, momentum and energy flux. The flux in turn can significantly alter the nature of the marine boundary
layer (MBL) and the state of ocean surface. Many offshore engineering applications rely on a detailed ocean and
atmospheric state at specific locations. Within the marine industry attention to joint met-ocean description was given
already three decades ago due to expected economic advantages of using it. It was shown that typically, the environ-
mental forces on marine structures may be reduced from 5% to 40% by accounting for the lack of full correlation
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of met-ocean parameters; see e.g. [1]. Gregersen et al [2] suggested that the met-ocean model developed originally
for design purpose can also be applied for specification of operational criteria for marine structures in general. Since
direct measurements of waves are often constrained by budget that allows only short or intermittent datasets, numeri-
cal modeling is becoming more of a norm. Wave models like WAM [3] and SWAN [4], and atmospheric models like
HARMONIE [5] are now increasingly used for getting a real time state of ocean and atmosphere. However, most often
than not the ocean and atmospheric models are run in isolation. For a better prediction of the ocean-atmospheric state
interaction between the two needs to be modeled accurately. The interactions can either be modeled deterministically
using a multiphase modeling approach (where a liquid phase represent ocean and gas phase represents atmosphere) or
can be modeled using a semi-stochastic approach where stochastic action balance equation is used to model the state
of ocean surface and a deterministic approach based on the Navier Stokes equations is used for atmospheric modeling.
While a multiphase approach can give better insights into mechanisms of wave generation, white capping, dissipation
and diffraction, it is computationally expensive and not suited for modeling ocean waves which are inherently random
in nature under realistic meteorological conditions. It is for this reason that in a forecasting context, semi-stochastic
approach is still the workhorse. Barbariol in 2013 [6] used coupled wave-ocean model for improving wave energy
assessment. To better identify the significant processes affecting coastlines and how those processes create coastal
changes COAWST Modeling System, which is comprised of the Model Coupling Toolkit to exchange data fields be-
tween the ocean model ROMS, the atmosphere model WRF, the wave model SWAN, and the sediment capabilities of
the Community Sediment Transport Model was developed [7]. The coupled modeling system was used to investigate
atmosphereoceanwave interactions in November 2009 during Hurricane Ida and its subsequent evolution to NorIda,
[8]. There has also been efforts to couple wave models having different resolutions and focus like WAVEWATCH III
(WWIII) for wave generation and deep water propagation and SWAN model for wave propagation in intermediate and
shallow water [9]. Waves at the surface of the deep ocean can be well predicted with third-generation wave models
that are driven by predicted wind fields [10] [3]. Although these recent models are coupled they were mostly unidi-
rectional in nature (only atmosphere affecting the ocean state). In the current work we simulate the ocean atmospheric
interactions through both unidirectional and bidirectional coupling of the atmospheric code HARMONIE [5] and the
wave modeling code WAM ([3]). It is expected that in bidirectional coupling, atmospheric and wave models will
mutually benefit each other through a frequent update of the inter-facial conditions (wind computed by atmospheric
model and Charnock parameter computed by wave model) and provide a better prediction of significant wave height
and local wind. The atmospheric code HARMONIE solves for the standard governing equations of mass, momen-
tum, energy and humidity using appropriate physical models to simulate the effects of clouds, pollutants, rotation of
earth etc. For the state of ocean surface, action balance equation is solved giving wave energy spectrum as a function
of location, frequency and direction of the waves. Ocean surface characteristics (like surface roughness, Charnock
number) are evaluated using the spectrum. Surface fluxes for momentum, energy and humidity is then computed and
passed on to the HARMONIE model as boundary condition at the ocean surface. The HARMONIE model in turn
computes wind magnitude and direction at 10 meter height above the average ocean surface and hence provide the
source term corresponding to wind generated waves. In the current work uni- and bi-directional coupling effectiveness
is evaluated by comparing the predicted results with data from sea-buoy and observation platforms located in offshore
locations.

2. Computational Models

In this section we give a brief description of the computational models used. Readers are directed to relevant
articles giving more details about the models wherever required.

2.1. Atmospheric Model

The atmospheric component in the coupled system is a mesoscale model named HARMONIE based on the equa-
tions governing mass, momentum, energy and species conservation. The model is a non-hydrostatic model, of which
the dynamical core is based on a two-time level semi-implicit semi-Lagrangian discretisation of the fully elastic equa-
tions, using a hybrid coordinate system in the vertical direction [5]. The simulation domain is shown in Figure 1(b).
A horizontal resolution of 2.5km × 2.5km is used. This is the same resolution that is used for weather forecast on a
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