
…

ENVI-MET
principi fisici della modellazione del comfort outdoor

Kristian Fabbri - 29 Settembre 2017



Headquarter
Accesso veloce alla homepage del 
software e cabina di pilotaggio
della modellazione

Spaces
Disegna il tuo progetto e 
l’ambiente

Leonardo 2014
Analizza I tuoi risultati e 
crea una mappa 2D e 3D

BioMet
Sistema di processo per i 
file di out put per calcolare
PMV/PPD, PET o UTCI

Homepage del software



Comfort: Modellazione e progetto architettonico-
urbanistico



Struttura del software



Boundary conditions: A no-slip condition is used for all solid

surfaces. The inflow profile is obtained from the one-

dimensional reference model and a zero-gradient Neumann

condition is used at the outflow and lateral boundaries. At the

top boundary all vertical motions are assumed to be zero. Special

boundary conditions are used for the pressure perturbation on

all outflow boundaries to keep the model mass conserving.

Temperature and Humidity

The distribution of the air temperature θ and specific humidity q

is given by the combined advection diffusion equation with

internal source/sinks

Atmospheric turbulence

Turbulence is produced when the air flow is sheared at building

walls or vegetation elements. Under windy conditions, the

magnitude of local turbulence production normally surpasses its

dissipation, so that turbulent eddies are transported by the mean

air flow. Depending on the structure of the flow, this leads to an

increased turbulence away from the original source of

disturbance. To simulate this effect, a so-called 1.5 order turbulence

closure model is used in ENVI-met. Based on the work of Mellor and

Yamada (1975) two additional prognostic variables, the local turbulence

(E) and its dissipation rate () are added to the model.

Equazioni



La modellazione della vegetazione

La vegetazione viene trattata come una colonna mono dimensionale con altezza
Zp nella La vegetazione è trattata come una colonna monodimensionale di 
altezza zp in cui il profilo della densit{ d’area delle foglie (LAD) è usato per 
descrivere la densità e la distribuzione delle foglie. 
Lo stesso concetto è usato, all’interno del suolo, fino ad una profondità  –zr, per 
descrivere la distribuzione delle radici, attraverso il RAD (Root Area Density). 
Questo schema universale può̀ essere applicato sia alle piante ad alto fusto, sia ai 
cespugli, sia all’erba, semplicemente associando ad ogni tipo di pianta i proprio 
valori di zp e zr. 

Dominio computazionale e la struttura della griglia
A seconda del problema, la dimensione totale del modello tridimensionale X, Y e 
Z, nonché la risoluzione della griglia può essere selezionata entro un ampio 
intervallo. Per impostazione predefinita, la spaziatura θx, θy e θz è equidistante 
in ogni direzione (solo la cella più bassa al di sopra del suolo è normalmente 
suddivisa in 5 sotto-cellule con il formato Δzg = 0.2Δz per aumentare la 
precisione nel processo di calcolo della superficie).
Il modello tridimensionale è annidato in un modello unidimensionale che si 
estende fino a 2500 m altezza. I valori di un modello tridimensionale sono 
utilizzati come valori di riferimento come anche i profili di afflusso e le condizioni 
al contorno per il modello tridimensionale.



Rotazione del modello



Griglia verticale

Nei modelli 3D completi la 
griglia verticale è fissata 
una volta creato il modello. 
L’unico modo per 
cambiarla è di convertire il 
modello verso il basso per 
un modello 2.5D (e 
perdere tutte le 
informazioni del 3D), 
modificare le impostazioni 
di rete e poi ri-convertirlo 
in 3D. In breve, quando si 
crea un modello 3D si 
dovrebbe pensare alla 
messa a punto della griglia 
verticale in dettaglio 
PRIMA di iniziare a 
modificare il modello.



La modellazione dela turbolenza

Si basa su due variabili: la turbolenza 
locale (E) e il suo tasso di 
dissipazione (ε). 
L’energia cinetica in questo caso 
rappresenta una misura dell’intensità 
delle turbolenze dell’aria; essa risulta 
direttamente legata al trasporto 
locale di calore e umidità. 

Il sistema implementato è di due 
equazioni di cui la prima descrive la 
distribuzione di energia cinetica 
nell’aria in funzione della produzione 
dei moti convettivi e la seconda 
esprime la dissipazione dell’energia 
stessa. 



The Role of Nesting Grids
The only difference between example A and B is that in (A) we have used only 3 nesting 
grid cells around the core domain whereas in (B) 5 of them are used. As the grid size of 
the nesting grids is increasing with each grid, the area is extending very fast with each 
extra Nesting Grid. The Remember: The Gesting Grids are not included in the Output 
Files by default, so you will not be able to see troubles there. To see the complete 
model area, you must include the nesting grids in the Output Files

La nesting grid



For example, a 100 x 100 m area can be organised in 100
x 100 grid cells of 1 x 1 m each or it can be organised in
20 x 20 grid cells with 5 x 5 m each. For each simulation,
a compromise has to be found between the accuracy
and resolution of the model and the number of
treatable grid cells. As a rule of thumb, reaching 250 x
250 x 30 grid cells (or any other combination such as
120 x 80 x 30,…) can be considered as a large model
needing a good amount of CPU time.

Layout di Envi - met

Basic Layout of ENVI-met
The sketch above aims to give you an
impression over the very basic structure of a
microclimate model like ENVI-met.
The general design is not only specific to ENVI-
met but is used by almost all 3D numerical
models.
The Main Model is designed in 3D with 2
horizontal dimensions (x and y) and one
vertical dimension (z). Inside this main model,
the typical elements that represent the area
of interest are placed: buildings, vegetation,
different types of surfaces. To use a numerical
model, the area of interest must be reduced
into grid cells. The smaller one single grid cell
is, the finer the resolution of the model is. On
the other hand, making the grid cells small
means that more cells are needed to cover a
certain area.



Total Model Height
What is the Minimum Model Height?
Selecting the correct size of the model domain is a central aspect in successful 
numerical modelling.
Whereas the horizontal dimension is more or less given by the dimension of your 
subject of interest, the vertical height of the model is less obvious and can - if not 
selected properly - cause
major problems.

The height of the 3D model is a result of the number of vertical grid points used as 
defined in the Area Input File and grid size plus the method of grid creation (see 
also Model Layout).

A simple Example: If you have a 30 m building in your model and you choose to 
have 10 grids with a grid size of 2 m each, the total model height will be 20 m, or, in 
other words, your building will look 10 m out of the model domain. This is, of 
course, not acceptable.

L’altezza del modello



From Version 4 on, it is recomended to use at least the “Simple Forcing” option for temperature 
and humidity. This overcomes almost all problems that have been observed with the lateral 
boundaries in the former versions.

Boundary layer

Lateral boundary conditions (LBC) define the way, the model behaves at its lateral boundaries. 
This is a very specific setting and you normally do not need to change these settings.



The problem...
In complex Model Areas (and sometimes even in configurations you consider as being
“simple”) you might experience numerical instabilities from time to time. These instabilities
appear as “PANIC Dumps”
(if ENVI-met has detected that something went wrong) or simply as error messages or
crushes of the model. The most frequent error message are “Division by Zero” or “Floating 
Point Error”. 
These messages do not contain any useful information except of the general message, that something went wrong. In 
fact, “Division by Zero” is most of the times only the end point of a long chain of problems producing very high or very low 
(and very wrong) numbers.

Why is it like that...
First of all, remember that you are working with a very complex numerical model. 
There is a conceptual difference between error messages you might get from, say, a text-
processing program, and those you get from ENVI-met. Error messages (and the numerical 
problems which cause these messages) are inseperably connected with the whole process 
of numerical modelling.
If it would be possible to construct any Model Area and get guaranteed results, numerical 
modelling would no longer be an advanced technology ;). In other words: When you decide 
to use non-liner models like ENVI-met, you must be prepared that things are not always 
running as you would like them to run. Sometimes models run on the edge of numerical 
stability and a complex configuration might cause that they fall over this edge and send you 
an error message.

Instabilità – errori numerici



Running ENVI-met
The user friendly interface of ENVI-met sometimes makes people forget that they 
work with a sophisticated climate simulation system. Normally, these kind of 
numerical models can only be run on complex and extremely expensive 
supercomputers. 

In more than 20 years of ENVI-met developement, we have invented various 
technologies to bring the scientific power of physical climate simulation models to 
your desktop. ENVI-met uses a complex system of optimized algorithms and intelligent 
troubleshooting allowing you to run dynamical 3D microclimate simulations on an 
arbitrary standard PC bought anywhere on the world running MS WINDOWS.

However, installing the software on your PC is the smallest step in 
using ENVI-met for microclimate analysis…

Running



sign of the ENVI-met database system in V4

Database

Besides the two basic files needed for each
simulation, the Area Input File .INX and the
Simulation file .SIMX, ENVI-met needs to know a
lot of additional information about different
items used in your model such as surfaces types,
soils, plants or emission sources in the model.
These data are not stored in the Area Input file
themself (exception: Packages), but in a
database system.

Each database entry is defined by a unique key, 
which has to be a two-sign alphanumerical ID 
in ENVI-met (e.g. ”a0”). Any reference to a 
database entry, may it be in an Area Input file 
or some other table of the database is given by 
using this ID. 



Il modello numerico 3D



Il modello numerico 3D



Cosa si può modellare con ENVI-MET – Vegetazione e 
Alberature



Cosa si può modellare con ENVI-MET – Edificio e involucro



Cosa si può modellare con ENVI-MET – Situazioni
specifiche
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Valutazione e proprietà dei materiali e morfologia urbana



Valutazione e proprietà dei materiali e morfologia urbana

asfalto

Laterizio rosso



Valutazione e proprietà dei materiali e morfologia urbana

Cemento

Prato con alberi



Valutazione e proprietà dei materiali e morfologia urbana

Marmo nero

prato

Marmo nero

Prato con alberi



Morfologia urbana



Morfologia urbana



Morfologia urbana e materiali



Morfologia urbana e materiali



Morfologia urbana - Canyon



Morfologia urbana - Canyon



Morfologia urbana - Canyon



Morfologia urbana - Canyon



Morfologia urbana - Canyon



Morfologia urbana



Morfologia urbana





Morfologia urbana Canyon



OMM Outdoor Microclimate Map
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OMM Outdoor Microclimate Map



Il caso Piazza Bufalini a Cesena (referendum)

• Stato di fatto
• Progetto con mantenimento lecci
• Progetto con nuovi alberi e abbattimento lecci
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