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1. Basic introduction about Envi-Met:  

Envi-Met is a software for modelling and examining microclimates in both urban and 
outdoor settings. It is a useful tool for those researching the thermal comfort and air quality 
of cities as well as for architects, academics, and urban planners. 

Envi-Met simulates the interactions between the atmosphere and urban surfaces, such as 
buildings, roads, and trees, using a three-dimensional modelling technique. It considers a 
number of environmental elements, including temperature, humidity, wind direction and 
speed, and sun radiation. The user-friendly software interface makes setting up and using the 
simulator easy. Also, it provides images of the simulation's results, which can aid in 
understanding the changes in microclimate experienced across a city or in a natural 
environment. 

The fundamentals of microclimate modelling and simulation were covered in the first 
Envi-Met lesson for students. Also, we have learned how to construct and execute 
simulations using the Envi-Met programme, as well as how to decipher and evaluate the 
outcomes. During this course the following topics has been covered:  

●​ Introduction to Envi-Met and microclimate modeling 
●​ Setting up a simulation in Envi-Met 
●​ Defining boundary conditions and meteorological input data 
●​ Creating urban geometry and surface properties 
●​ Running a simulation and analyzing the results 
●​ Visualization and interpretation of simulation results 

2. Basic microclimatic information and Excel calculations (Reports are 
based on PPTs which were provided by Mr. Nils Eingrüber):  
The climatic conditions in a small area or location, such as a street canyon, a park, or a 
structure, are referred to as the microclimate. Microclimatic conditions are impacted by a 
variety of elements, such as terrain, vegetation, structures, and human activities, and can 
differ dramatically from the larger-scale regional or global climate. Understanding and 
forecasting microclimatic conditions in various situations requires the use of microclimate 
modelling and simulation. It is possible to simulate the conditions and interactions between 
numerous elements inside an environment by building a virtual model of it and entering 
different meteorological and physical data. 

2.1 microclimatological modelling: 

The act of building a virtual representation of an environment and replicating the 
microclimatic conditions inside that environment is known as microclimatological 
modelling. It includes entering several meteorological and physical factors, such as 
temperature, humidity, wind speed and direction, sun radiation, and air quality, into specialist 
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software tools, such as Envi-Met, to generate a three-dimensional model of an urban or 
natural environment. 

 

2.3 Error and error propagation in sums 

Errors in the individual values might affect the sum or difference when adding or removing 
items. The size of the mistakes in the individual numbers and how they combine determine 
the extent of the inaccuracy in the total or difference. This process is called error 
propagation. 

Sources of error- 1) Sampling error, 2) Measurement error, 3) Model error etc. 

2.4 Gap filling methods 

Gap filling methods are used to estimate missing data in a time series or spatial dataset. 

 2.4.1 Arithmetic Mean: The arithmetic mean method is a simple approach to gap filling 
that involves calculating the 
mean value of the available 
data and using it to fill in the 
missing values. This method is 
straightforward and easy to 
implement, but it may not be 
appropriate for datasets with 
significant variability or 
outliers.  
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2.4.2 Regression: Regression, a more complex gap-filling technique, bases the estimation of 
missing values on the connection between the known data and other factors. To estimate 
missing values, for instance, based on the correlation between the available data and time or 
other factors like temperature or precipitation, a linear regression model may be utilised. 
While it needs more information and could be more to execute, this approach can offer 
estimates that are more precise than those obtained using the arithmetic mean. 

 

Figure 2: Regression method in excel 

 

2.5. Root Mean Square Error (RMSE):  

The difference between a set of observed values and the equivalent values projected by a 
model or estimator is measured by the term "Root Mean Square Error" (RMSE). RMSE is 
frequently used to assess the accuracy of a model or estimating approach across a variety of 
disciplines, including statistics, machine learning, and environmental sciences. 

The RMSE is calculated by taking the square root of the mean of the squared differences 
between the observed values and the predicted values.  

The formula for calculating RMSE is: 

RMSE = sqrt[ (1/n) * sum(i=1 to n) (yi - yi_hat)^2 ] 

5 | Page 
 



where yi is the ith observed value, yi_hat is the ith predicted value, and n is the total number 
of observations. 

 

The average difference between the observed values and the expected values is represented 
by the RMSE value. A lower RMSE number denotes a model or estimator that is more 
accurate in forecasting observed values, whereas a greater RMSE value denotes a model or 
estimator that is less accurate. 

 

 

2.6. Potential Evapotranspiration: 

Evapotranspiration (ET) is the process of losing water from the soil's surface through both 
evaporation and plant transpiration. For many applications, including irrigation management, 
water resource planning, and climate modelling, accurate prediction of ET is crucial. 
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Potential Evapotranspiration (PET) is the amount of water that would evaporate and transpire 
from a vegetated surface if water were unlimited. PET is primarily determined by the 
available energy at the land surface, which is driven by solar radiation, air temperature, wind 
speed, and humidity. 
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2.7 Albedo Calculation: Albedo is the fraction of solar radiation that is reflected by a 
surface. It is an important parameter in climate modeling, as it influences the energy balance 
of the Earth's surface and affects global climate patterns. The calculation of albedo depends 
on the type and condition of the surface, as well as the angle and intensity of the incident 
solar radiation. [9_CL_UHI_Radiation.pdf, Nils Engruber]   

 

 

2.8 Klimabox und Sensor Vergleich - Gras, Humus:  

It was an excel sheet where every calculation was already calculated. We had to form a 
hypothesis and change some value to check our hypothesis.     

 

 

 

3.Nearpod Tutorials (Reports is based on Nearpod Tutorials, Mr. Nils Eingrüber):  
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An interactive, cloud-based learning tool called Nearpod enables teachers to design and 
present captivating multimedia classes to pupils.The platform has a variety of engaging 
elements that let students actively engage in the learning process, including surveys, quizzes, 
virtual reality field excursions, and interactive simulations. 

3.1 Tutorial 01: Introduction 

In first tutorial we have learned how to download env-imet and how we can create a project.  

   

 

 

 

 

 

 

 

 

 

 

 

Creating a project:  
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3.2 Tutorial 02:  Importing 
weather data and creating 
a forcing file 

In this tutorial I have learned 
about three types of LBCs 

and also how we can import .csv data in Envi-met software. Tutorial two is mainly focused 
on downloading the climatological data from appropriate sources.  

 

3.3 Tutorial 03:  Gridding 3D Vegetation in Albero 

In order to accurately depict the vertical distribution of vegetation within the simulation 
region, gridding 3D vegetation in Albero is a crucial step in ENVI-met microclimate 
simulations. 

In the gridding process, the vegetation is divided into tiny, three-dimensional cells, or voxels, 
and vegetation attributes are assigned to each cell. 
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3.3.1 L-System:  

The scientist Aristid Lindenmayer created the L-System, often known as the Lindenmayer 
system, as a mathematical model to describe the growth and development of plants in 1968. 

It is a system for rewriting strings that is based on a set of production rules that specify how a 
string may be changed into a new string by swapping out particular symbols for other 
symbols or groups of symbols. [wikipwdia] 

L-Systems have been widely used in computer graphics and animation to model the 
branching patterns of trees and other vegetation. By interpreting the production rules as 
instructions for generating 3D structures, L-Systems can create complex and realistic models 
of plants. 

 

3.3.2 Turtle logic:  

Turtle logic is a type of computer programming that is used in graphics and animation to 
create shapes and patterns based on a virtual turtle that moves around a screen or canvas. The 
turtle is an object that can move forward or backward, turn left or right, and draw lines as it 
moves. 

Turtle logic is a simple and intuitive way to introduce programming concepts to beginners, as 
it provides immediate visual feedback and allows for experimentation and creativity. It is 
often used in educational settings to teach basic programming concepts and has also been 
used in art and design to create intricate and visually stunning patterns and shapes. 
[Wikipedia] 

 

3.4 Tutorial 04: DB Manager 

Users of the Envi-met programme may construct and maintain databases containing soil, 
vegetation, and dust source characteristics for use in their simulations. This tool is called the 

11 | Page 
 



Database Manager. With the use of this tool, these 
characteristics may be modified to fit the 
particulars of a certain project or area. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

3.5 Tutorial 05: Monde 

Monde is a geographical 
information system (GIS) in which 
shapefiles or layer files can be 

imported, georeferenced and edited as well as new layers created. 

 

 

 

 

3.6 Tutorial 06: Spaces 

Using Spaces, the model domain can be defined, created and modified to be used for an 
ENVI-met simulation. [PPT, Mr. Nils Engruber] Envi-met "Space" tool is used to construct 
spaces. Users may choose the space's dimensions, geometry, and orientation, as well as its 
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surface characteristics and surrounding circumstances. Setting criteria like surface 
abrasiveness, albedo, emissivity, and plant cover fall under this category. 

 

 

3.7 Tutorial 07: Envi Guide 

A component of the Envi-met programme called 
Envi-Guide offers users a step-by-step interface 
for creating, simulating, and analysing 
microclimatic conditions in various urban and 
natural contexts. Envi-Guide was created to make 
it simpler for new users to begin using Envi-met 
by guiding them through the challenging process 
of setting up simulations and assessing the 
results. 

We can change these sections according to our 
purpose. 

 

In this tutorial we have created SIMX file for final simulation.  

 

 

 

 

 

3.8 Tutorial 08: ENVI-core:  

In ENVI-core, the different features and properties of the urban microclimate that are 
represented in an ENVI-met model will be calculated based on various physical processes. 
For every grid cell in the model domain, the energy balance and the mass balance is 
calculated based on the fluxes of the adjoining six grid cells. [Mr.Nils Engruber]. According 
to our purpose and computational power of machine will decide the duration of the 
simulation tome.  

 

3.9 Tutorial: Leonardo, DataStudio and Python 

Leonardo, DataStudio, and Python are software tools that can be used in conjunction with 
Envi-met for advanced data visualization, analysis, and automation. 
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Powerful software tools like Python, DataStudio, and Leonardo may be utilised to speed up 
the data processing and visualisation process and improve Envi-met simulations. With the 
help of these tools, users may construct simulations that are more accurate and effective and 
obtain a greater understanding of microclimatic conditions. They also have access to a range 
of sophisticated capabilities for data analysis, visualisation, and automation. 

 

 

3.10. Tutorial 10: BIO-met 

Out of the simulation results, BIO-met is used to produce bio-thermal indices, which may 
then be utilised to study and compare the thermal (outdoor) comfort, for example, of 
pedestrians. 

In contrast to the primary ENVI-met software, which uses physical differential equations to 
determine the microclimate, BIO-met is based on empirical data combined with outputs from 
the atmospheric model. 

The idea of Thermal (Outdoor) Comfort is heavily debated in the scientific community for 
many reasons: 

- What is an average human?  

- Which class borders should be used to categorize the results? 

- The empirical basis of the concept limits the possibilities to calculate and compare results. 
[Mr. Nils Engruber] 

 

 

 

 

 

Field Excursion:  

During this course we had two filed excursions one trip was conducted in cologne for 
German students and virtually for Indian students.  

Similarly, one excursion was conducted here in pune, India. Virtually for German students 
through Xpert eye device. 
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Photo captured during excursion by me   
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