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All the greenhouse gases are infrared active, which means that they absorb and emit 
energy at the same wavelength of the earth. When this radiation reaches the molecules 
in the atmosphere, they scatter the energy in all directions; part of it returns to Earth's 
surface, further warming the planet . 

This effect is fundamental for life on the earth, without it the temperature on the 
surface would decrease to -18°C (NASA, Earth observatory, n.d.) . 

 

 

 
 

 

 

 

 

 

 

 

Figure 1.1.1.2: greenhouse effect with each effect displayed as Wm-2. (TRENBERTH, 
FASULLO, & L, 2009) 
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1.1.2.2. Marine and urban environnement . 

 

This research will analyse the impact of H 2 release in two different environments: 
marine and urban. The atmospheric composition differs significantly for some key 
molecules, and the water vapor content can vary with the seasons and geographical 
location. The higher concentration in the marine environment is due to exchange with 
the ocean surface. Chlorinated and brominated compounds are also more abundant in 
the marine atmosphere, due to the high levels of salt dissolved in seawater. 

In the urban environment instead are much more present molecules produced by 
anthropogenic sources, as show in figure 1.1.2.3: Volatile organic compounds (VOCs) 
and tropospheric ozone are far more present, alongside CO and SOx. Most of these 
molecules are generated by reactions with the NOx;  highly abundant  in the urban 
atmosphere and generated by the transport sector, particularly road traffic and inland 
shipping.  For example the tropospheric level of ozone is generated with the reactions 
displayed below : (Nguyen, Lin, & Vu, 2022):  

 

Figure 1.1.2.2: Temperature, pressure, speed of sound and density in different layers of the 
atmosphere (NASA, U.S. standard atmosphere , 1962) 
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Higher level s of H 2 can also increase the concentration of H 2O in atmosphere. The 
humidity level in the troposphere is controlled by the water that evaporate from the 
oceans, and hydrogen cannot significantly increase the total amount, but can affect the 
stratospheric amount of water, especially when emitted at high altitudes (from planes 
and other air transport) .  

 

1.2.2. Assessment of hydrogen accumulation in atmosphere. 

 

The difficulty in predicting hydrogen storage losses also complicates the assessment 
of its potential accumulation in the atmosphere . From the actual level of hydrogen, 
which is 0.5 ppm, the increase can be estimated from a range of 50% (0.75 ppm) up to 
300% (1.5 ppm); moreover, the amount of hydrogen absorbed by the soil remains very 
difficult to quantify, despite being the primary sink responsible for the removal of 
hydrogen from the troposphere.  

With appropriate assumptions, it is possible to estimate the increase in atmospheric 
hydrogen resulting from a transition toward decarbonization.  The first assumption is 
the percentage of leakage: more than 10% will be far too dangerous for safety reasons 
and too expensive, however, values that are too low would be overly optimistic, given 
the technical challenges associated with storage and transportation. Another 
important aspect is the H 2 currently emitted by the burning of fossil fuel s, estimated 
around  20Tg per year, circa 20-25% of the global source of hydrogen.  

The transition to a hydrogen -based economy is proposed sector by sector (Warwick & 
Griffiths, 2022), as illustrated in table 1-2; the different  conversion percentages reflect 
the diverse availability of low -environmental -impact alternatives across different 
sectors. 

 
Table 1-2: percentage of H2 leaking in a global hydrogen economy  (Warwick & Griffiths, 2022) . 
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2 Methodology  

As previously mentioned, the aim of this project is to simulate atmospheric 
composition using two different models applied to two distinct atmospheric layers, 
with the final goal of evaluating the impact of  hydrogen accumulation  in the 
atmosphere. 

The first section describes the structure and differences between the two models, the 
reaction balancing process, and includes notes on reactions with specific kinetic 
formulations, as well as the photochemical, marine, and other additional reactions 
included. 

The second section outlines the operating conditions of the simulations, such as 
coordinates, temperature, and pressure, as well as the constraints applied. 

Finally, the third section focuses on the box model, detailing its structure and the 
implementation of the Solar zenith angle evaluation.  

2.1. Model description  
 

The two models used for the atmospheric simulation are presented in the following  
paragraphs, including the reaction balancing process, details on the specific rate 
constants adopted (in comparison with those reported in the literature), and the 
additional reactions considered. All aerosol -phase reactions have been excluded from 
both models, as their contribution cannot be adequately represented in the current box 
model framework . The VOCs (Volatile Organic Compounds) contribution is also 
eliminated from the models.  

 

2.1.1. GFDL kinetic mechanism 

 

The Geophysical Fluid Dynamic Laboratory (GFDL) represent an Earth System Model 
(ESMs) that include aerosol (both natural and anthropogenic), cloud physic s and 
precipitation.  There are different versions of the chemical scheme, the most recent one 
is the AM4.1 (Atmospheric Model 4.1), that includes revision of atmospheric 
dynamics, physics, and chemistry interactions with land and ocean ecosystem. 

AM4.1 provides multiple improvements over AM3 and AM4.0:  
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2.1.5.1. Added marine and extra reactions 

 

The reactions specific for a marine environment  are taken from  (Whalley & 
Furneaux, 2010), the reactions considered are reported in the 2-1 and 2-2 tables. 

 

Reaction A n Eatt 

IO+HO2=>HOI+O2 8.43E+12 0.00 -1072.98 
I+HO2=>HI+O2 9.03E+12 0.00 2165.83 
OH+HI=>I+H2O 1.81E+13 0.00 0.00 
IO+NO=>I+NO2 5.48E+12 0.00 -476.88 
I+O3=>IO+O2 1.39E+13 0.00 1728.69 
HOI+OH=>IO+H2O 1.20E+11 0.00 0.00 
2IO=>I+OIO 1.24E+13 0.00 -357.66 
2IO=>I2O2 2.02E+13 0.00 -357.66 
I+NO3=>IO+NO2 2.71E+14 0.00 0.00 
I2+NO3=I+IONO2 9.03E+11 0.00 0.00 
IO+OIO=>I2O3 1.20E+14 0.00 0.00 
2OIO=>I2O4 3.01E+13 0.00 0.00 
OIO+OH=>HOIO2 1.32E+14 0.00 -482.84 
OIO+NO=>NO2+IO 6.62E+11 0.00 -1076.95 
BrO+HO2=>HOBr+O2 2.71E+12 0.00 -914.02 
Br+O3=>BrO+O2 1.02E+13 0.00 1589.6 
Br+HCHO=>HBr+HCO 4.64E+11 0.00 1152.46 
Br+CH3CHO=>HBr+CH3CO 1.08E+12 0.00 914.02 
BrO+OH=>HO2+Br 1.02E+13 0.00 -496.75 
2BrO=>2Br+O2 1.45E+12 0.00 -79.48 
2BrO=>Br2+O2 1.69E+10 0.00 -1708.82 
BrO+NO=>NO2+Br 5.30E+12 0.00 -516.62 
HBr+OH=>H2O+Br 3.31E+12 0.00 -397.4 
BrO+IO=>Br+I+O2 4.52E+12 0.00 -516.62 
BrO+IO=>Br+OIO 1.05E+13 0.00 -516.62 
BrO+O3P=>Br+O2 1.14E+13 0.00 -457.01 
HOBr+O3P=>OH+BrO 7.23E+13 0.00 854.41 
BrONO2+Br=>Br2+NO3 2.95E+13 0.00 0.00 
BrONO2+NO=>BrNO+NO3 1.81E+05 0.00 0.00 
BrONO2+BrNO=>Br2+2NO2 6.02E+07 0.00 0.00 
Br+NO2(+M)=>BrNO2(+M)    Ki 1.08E+13 0.00 0.00 
Br+NO2(+M)=>BrNO2(+M)    K0 1.34E+23 -2.40 0.00 
Br+NO2(+M)=>BrNO2(+M)    f 0.4 

  

Br+NO2(+M)=>BrNO2(+M)    Ki 1.08E+13 0.00 0.00 
Br+NO2(+M)=>BrNO2(+M)    K0 1.34E+23 -2.40 0.00 
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Br+NO2(+M)=>BrNO2(+M)    f 0.4 
  

I+NO2(+M)=>INO2(+M)          Ki 3.97E+13 0.00 0.00. 
I+NO2(+M)=>INO2(+M)          K0 3.26E+19 -1.00 0.00 
I+NO2(+M)=>INO2(+M)          f 0.6 

  

I+NO(+M)=>INO(+M)              Ki 1.02E+13 0.00 0.00 
I+NO(+M)=>INO(+M)              K0 1.96E+18 -1.00 0.00 
I+NO(+M)=>INO(+M)              f 6.00E-01 

  

IO+NO2(+M)=>IONO2(+M)    Ki 9.64E+12 0.00 0.00 
IO+NO2(+M)=>IONO2(+M)    K0 6.79E+29 -5.00 0.00 
IO+NO2(+M)=>IONO2(+M)    f 4.00E-01 

  

IONO2=>IO+NO2 2.71E+19 0.00 23963.22 
BrONO2=>BrO+NO2 6.89E+17 0.00 24559.32 

Table 2-1: Marine reactions added to both GFDL and LMDz  (Whalley & Furneaux, 2010) 

 

Reaction l m n 

BrO=>Br+O3P 3.80E-02 1.18E+00 2.43E-02 
HOBr=>Br+OH 2.54E-03 8.09E-01 6.62E-02 
BrNO2=>Br+NO2 5.39E-03 7.65E-01 7.08E-02 
HOI=>OH+I 1.07E-02 7.48E-01 7.32E-02 
IO=>I+O3P 1.99E-01 6.38E-01 8.71E-02 
OIO=>I+O2 1.02E+00 3.67E-01 1.33E-01 
BrONO2=>BrO+NO2 1.216E-04 8.197E-01 6.464E-02 
BrONO2=>Br+NO3 1.502E-03 8.766E-01 5.838E-02 

Table 2-2: Photochemical marine reactions added to both GFDL and LMDz  (Whalley & 
Furneaux, 2010) 

 

The extra reactions of HCO are taken by (NIST, 2025). All the selected reactions are 
reported in the 2-3 table.  

 

Reaction A  n Eatt 
HCO+O1D=>CO+OH 3.01E+13 0.00 0.00 
HCO+O1D=>CO2+H 3.01E+13 0.00 0.00 
HCO+H=>CO+H2 1.10E+14 0.00 0.00 
HCO+O2=>CO+HO2 3.13E+12 0.00 0.00 
HCO+OH=>CO+H2O 1.02E+14 0.00 0.00 
2HCO=>CHOCHO 3.01E+13 0.00 0.00 
2HCO=>2CO+H2 2.19E+13 0.00 0.00 
2HCO=>HCHO+CO 2.70E+13 0.00 0.00 
HCO+CH3=>CH3CHO 2.66E+13 0.00 0.00 
HCO+CH3=>CH4+CO 2.65E+13 0.00 0.00 
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HCO+C2H5=>C2H5CHO 1.81E+13 0.00 0.00 

Table 2-3: Added reactions for the simulation of HCO behavior in atmosphere  

 

2.1.5.2. Photochemical reactions 

 

The photochemical reactions presented in tables 2-4 and 2-5 include kinetic parameters 
from both  the IUPAC (IPCC, 2021) and the MCM databased (MCM, s.d.). Are also 
reported the kinetic parameters for the O 1D formation taken by (Whalley & Furneaux, 
2010).  

In a photolytic reaction, one or more photons with sufficient energy break a molecule 
into multiple parts. The energy intensity of a photon is determined by its wavelength. 
The reaction rate can be calculated using the parameters listed in Tables 2-4 and 2-5, 
along with the SZA . 

The detailed structure of the photolysis rate is reported in paragraph 2.1.5. 

 

Reaction l m n 
 

MCM  IUPAC  MCM  IUPAC  MCM  IUPAC  

O3=>O2+O3P 4.78E-04 5.57E-04 2.98E-01 4.70E-01 8.00E-02 1.18E-01 
O3=>O2+O1D 6.07E-05 4.94E-05 1.74E+00 2.69E+00 4.74E-01 -8.19E-02 
NO2=>NO+O3P 1.17E-02 1.18E-02 2.44E-01 8.17E-01 2.67E-01 6.38E-02 
BrONO2=>Br+NO3 1.50E-03 1.50E-03 8.77E-01 8.77E-01 5.84E-02 5.84E-02 
BrONO2=>BrO+NO2 1.22E-04 1.22E-04 8.20E-01 8.20E-01 6.46E-02 6.46E-02 
HCHO=>H+HCO 4.64E-05 3.81E-05 7.62E-01 1.56E+00 3.53E-01 2.64E-03 
HCHO=>CO+H2 6.85E-05 5.11E-05 4.77E-01 1.25E+00 3.23E-01 1.77E-02 
HOCl=>OH+Cl 3.03E-04 3.03E-04 1.13E+00 1.13E+00 2.95E-02 2.95E-02 
ClONO2=>ClO+NO2 8.91E-06 8.91E-06 1.58E+00 1.58E+00 -9.72E-03 -9.72E-03 
ClONO2=>Cl+NO3 4.57E-05 4.57E-05 1.07E+00 1.07E+00 3.59E-02 3.59E-02 
Cl2O2=>2ClO 2.03E-04 2.03E-04 1.10E+00 1.10E+00 3.37E-02 3.37E-02 
Cl2O2=>Cl+OClO 1.82E-03 1.82E-03 1.10E+00 1.10E+00 3.37E-02 3.37E-02 
N2O5=>NO3+NO2 5.15E-05 5.15E-05 1.35E+00 1.35E+00 8.71E-03 8.71E-03 
HO2NO2=>HO2+NO2 3.57E-06 3.57E-06 1.83E+00 1.83E+00 -1.31E-02 -1.31E-02 
HO2NO2=>OH+NO3 2.48E-06 2.48E-06 1.83E+00 1.83E+00 -1.29E-02 -1.29E-02 
H2O2=>2OH 1.04E-05 7.82E-06 7.23E-01 1.47E+00 2.79E-01 -1.74E-04 
CH3OOH=>CH3O+OH 7.65E-06 5.57E-06 6.82E-01 1.39E+00 2.79E-01 5.22E-03 
HONO2=>OH+NO2 9.31E-07 6.78E-07 1.23E+00 1.99E+00 3.07E-01 -3.44E-02 
HONO2=>HONO+O3P 1.89E-08 1.89E-08 1.99E+00 1.99E+00 -3.46E-02 -3.46E-02 
HONO2=>HONO+O1D 2.10E-09 2.10E-09 1.99E+00 1.99E+00 -3.45E-02 -3.45E-02 
HONO2=>H+NO3 6.99E-09 6.99E-09 1.99E+00 1.99E+00 -3.45E-02 -3.45E-02 
HONO=>NO+OH 2.66E-03 1.82E-03 2.61E-01 9.34E-01 2.88E-01 4.85E-02 
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NO3=>NO+O2 2.49E-02 - 1.68E-01 - 1.08E-01 - 
NO3=>NO2+O3P 1.75E-01 - 1.55E-01 - 1.25E-01 - 
CHOCHO=>2CO+H2 6.85E-05 - 1.30E-01 - 2.01E-01 - 
CHOCHO=>HCHO+CO 1.03E-05 - 1.30E-01 - 2.01E-01 - 
CHOCHO=>2HCO 3.80E-05 - 6.44E-01 - 3.12E-01 - 
mgly=>CH3CO+HCO 1.54E-04 - 1.70E-01 - 2.08E-01 - 
CH3CHO=>CH3+HCO 7.34E-06 - 1.20E+00 - 4.17E-01 - 
C2H5CHO=>C2H5+HCO 2.88E-05 - 1.07E-01 - 3.58E-01 - 
CH3COCH3=>CH3CO+CH3 7.99E-07 - 1.59E-01 - 2.71E-01 - 
mek=>CH3CO+C2H5 5.80E-06 - 1.09E+00 - 3.77E-01 - 

Table 2-4: photochemical reactions added from IUPAC and MCM database  

 

 

 

 

2.2. Operative conditions of the simulations  
 

The values of temperature, pressure and density used during the simulations are 
obtained by (U.S. Standard Atmosphere, 1976) and are reported in table 2-6. The 
tropospheric simulation is performed at 1atm and 25°C, the stratospheric is performed 
at three different altitudes: 15km, 25 and 40km; the temperature and pressure used in 
these altitudes are also reported in table 2-6. 

The marine simulations are performed on data 22 May near Capo Verde, coordinates: 
17 for latitude and -25 for longitude. The urban simulations are performed on data 21 
March in Mexico City, coordinates: -19.48872 for latitude and -99.14729 for longitude. 
These two locations were selected because detailed information on their atmospheric 
composition is already available in the literature ; specifically, (Whalley & Furneaux, 
2010) for Capo Verde and (Dusanter, Vimal, & Stevens, 2010) and (Sheehy, Volkamer, 
Molina, & Molina, 2010)  for Mexico City.  

 

 

Reaction l m n 

O3=>O2+O1D 5.48E-5 1.74E+00 4.74E-01 

Table 2-5: kinetic parameter  reported by (Whalley & Furneaux, 2010) for the photolysis of ozone  
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2.2.1. Initial conditions and constraints. 

 

Initial conditions and constraints are applied in order to perform the simulation  and 
are reported in tables 2-6 and 2-7. The initial condition s change with the location and 
the altitude of the simulation; for the marine tropospheric atmosphere the data are 
taken from (Whalley & Furneaux, 2010), the initial conditions for the urban 
troposphere are taken from (Dusanter, Vimal, & Stevens, 2010), and for the 
stratosphere the data are taken from climatological simulation from the Eschimo 
(Earth System Chemistry integrated Modelling )  system. The O2 and N 2 are around 
0.2089 and 0.784 and are adjust to make the sum of all the species equal to 1. 

The constrains maintain fixed the concentrations of the species to better perform the 
simulation s. The species constrained are chosen with theoretical hypothesis and trial 
and error procedure.  

 

Specie Marine  Urban  

 ppb fixed ppb Fixed 

O3 35 YES 56.2 YES 
NO 0.0023 YES 16.4 YES 
NO2 0.011 YES 28.4 YES 
H2 500 NO 679 YES 

H2O 2.38*107 YES 6.60*106 YES 
BrO 0.0029 NO 0.0029 NO 

Height  

(Km) 

Pressure 

(hPa) 

Temperature 
(K) 

Density  

(g m-3) 

H 2O 
Moist  

 (g m-3) 

H 2O 
Dry  

(g m-3) 

M 

(molecule 

cm-3) 

0 1.013*103 288 1.225*103 5.9 5.9 2.46*1019 

15 1.221*102 217 1.948*102 7.2*10-4 7.2*10-4 3.99*1018 

25 2.549*101 222 4.008*101 6.1*10-4 5.0*105 8.21*1017 

40 2.871 253 3.996 4.8*10-5 7.9*10-6 8.11*1016 

Table 2-6: Operative condition s at different altitudes  (U.S. Standard Atmosphere, 1976) 
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HONO - NO 0.43 YES 
CH4 1821 YES 2300 YES 
C2H6 0.845 YES 6.2 YES 
C3H8 0.05 YES 7.81 YES 
ISOP 0.01 YES 0.32 YES 
CO2 390000 NO 390000 YES 
CO 104 YES 765 YES 

DMS - NO 0.396 YES 
C2H5CHO - NO 0.5 YES 

HCHO 0.328 YES 0.328 YES 
CH3COCH3 0.487 YES 10.2 YES 
CH3CHO 0.826 YES 2.25 YES 
CH3OH 0.749 YES 7.81 YES 
C10H16 - NO 0.14 YES 
SO2 - NO 3.4 YES 
C2H4 - NO 6.9 NO 

C2H5OH - NO 7.81 NO 
C3H6 - NO 2.76 NO 
C4H10 - NO 7.81 NO 

CHOCHO - NO 0.42 YES 
C3H7OH - NO 0.445 NO 

IO 0.0013 YES - NO 
BrO - YES -  

                  Table 2-7 : initial conditions in the tropospheric environment  

 

Specie Stratosphere 
 

15 Km (ppb) 25 Km (ppb) 40 Km (ppb) fixed 
O3P 0 0.0095 7 NO 
O3 77.4 5700 5690 YES 
NO 0.204 0.377 7.72 YES 
NO2 0.198 1.1 8.19 YES 
NO3 0 0.004 0.115 NO 
N2O 313 254 46.5 NO 
N2O5 0.0023 0.285 0.514 NO 
H2 554 572 538 NO 
OH 0.0005 0.0015 0.123 NO 
H2O 4900 3830 5460 YES 
HO2 0.0021 0.0112 0.0823 NO 
H2O2 0.166 0.603 0.0451 NO 

Cl 0 0 0.0024 NO 
ClO 0 0.0479 0.263 NO 
HCl 0.0121 1.02 2.5 NO 
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HO2NO2 0.0077 0.131 0.0071 NO 
HOCl 0 0.0386 0.0886 NO 

HONO2 0.0931 2.75 0.164 NO 
OClO 0 0.0008 0.0085 NO 
CH4 1720 1470 771 YES 
CO2 363703 363703 363703 NO 
CO 82 15.5 57.2 YES 

HCHO 0.0536 0.0039 0.209 YES 
CH3OH 0.834 0.0002 0.0001 YES 
CH3O2 0.0002 0.0004 0.0042 NO 

CH3OOH 0.0378 0.006 0.0035 NO 
NH3 0.0172 0.0041 0 YES 

   Table 2-8: Initial concentration s in stratospheric environment  

2.3. Box Model  
 

A box model  for the atmospheric simulation  represents the air as a simple box that 
contains perfectly  mixed air with all the species chosen from a chemical model at a 
given temperature and pressure, where all the reactions occur simultan eously. The box 
model approach assumes that all molecules are perfectly mixed in a volume. Critical 
aspects for the use of the box model include the selection of the time period and the 
dimensions of the air box. 

The code used for the box model simulation is written in Fortran, a programming 
language particularly well suited for numerical computations in engineering, due to 
its robustness and efficiency. 

In our box model t he material balances are written on mass basis and the equation in 
dimensionless form. Three different kinds of species are considered: 

1. Gas phase species 
2. Adsorbed species 
3. Solid species 

The air box is represented as a reactor with in and out fluxes. 

 

 

 

 

 Figure 2.2.1.1: air box represented as a reactor 
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3 Results and discussions. 

 

The results and discussions of the simulations are presented below. Each simulation 
(marine and urban, tropospheric and stratospheric) is discussed in the following order:  

1) The first results are obtained using the photochemical data reported by IUPAC 
(International Union of Pure and Applied Chemistry)  

2) The second part shows the results obtained using the data for the 
photochemical reactions as reported by MCM (master chemical mechanism) 

3) The third part uses the MCM values and consider the reactions of HCO and 
some extra photochemical reactions reported in  2.1.5.1 and 2.1.5.2 paragraphs. 
The photochemical data of the O3=>O2+O1D reaction is corrected as reported in the 
2.1.5.2 paragraph. 

4) Subsequently, the results of the brute-force analysis are reported. The results 
are based on the third configuration  and performed only in the marine 
environment.  

5) In the urban environment , a simulation is performed to identify the influence 
of the nitrogen oxide on the ratio between OH and HO 2 

6) The last part reports the impact of the hydrogen  increase on the atmosphere in 
different configurations and the evaluation of the GWP of H 2 (always with the 
reactions explained in the 3rd point ). 

 

3.1. Tropospheric Marine environment    
 

Here are reported the results for the marine environment in the tropospheric layer of 
the atmosphere for both the GFDL and the LMDz. The concentrations and the rates 
obtained with both chemical schemes are confronted with the data and the 
experimental values obtained by (Whalley & Furneaux, 2010), referred as benchmark. 
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3.1.1 GFDL chemical scheme 

 

The results reported here are obtained by a simulation performed with the chemical 
reactions taken from (Horowitz, Naik, & Paulot, 2020) . The photochemical and marine 
reactions are changed as described in the 2.1.5 paragraph. The only reactions 
eliminated are those involving aerosols, VOC-related reactions, and a few in-cloud 
processes; however, the effect of aerosols is still represented in the graphs. 

3.1.1.1. Photochemical data from IUPAC  

 

 

 
 

 

 

 

 

 

Figure 3.1.1.1: OH concentration profile obtained from GFDL chemical scheme in marine 
environment with IUPAC photochemical data.  
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3.1.1.3. Photochemical data from MCM and added reactions  

 

 

 
 

 

 

Figure 3.1.1.9: OH concentration profile obtained from GFDL chemical scheme in marine 
environment with MCM photochemical data and the added reactions 

Figure 3.1.1.10: HO 2 concentration profile obtained from GFDL chemical scheme in marine 
environment with MCM photochemical data and the added reaction s 
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3.1.2. LMDz  chemical scheme 

 

The results reported here are obtained by a simulation performed with the chemical 
reactions taken form (Folberth, Hauglustaine, Lathière, & Brocheton, 2006). The 
photochemical reactions and the marine ones are changed as described in the 2.1.5 
paragraph. The only reactions eliminated are the aerosol, the VOCs related  and the 
few in -cloud, but the effect of the aerosol is still represented in the graphs. 

 

3.1.2.1. Photochemical data from IUPAC  

 

 

 
 

 

Figure 3.1.2.1: OH concentration profile obtained from LMDz chemical scheme in marine 
environment with IUPAC photochemical data.  
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3.1.2.2. Photochemical data from MCM  

 

 

 
 

84.7

11.17
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H consuption

CO+OH OH+H2 HCHO

Figure 3.1.2.5: contribution in the elimination of H  

Figure 3.1.2.6: OH concentration profile obtained from LMDz chemical scheme in marine 
environment with MCM photochemical data.  
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3.1.2.3. Photochemical data from MCM with added reactions  

 

 

 
 

 

 

Figure 3.1.2.10: OH concentration profile obtained from LMDz chemical scheme in marine 
environment with MCM photochemical data and added reactions 

Figure 3.1.2.11: HO 2 concentration profile obtained from LMDz chemical scheme in marine 
environment with MCM photochemical data and added reactions  
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 Loss of OH 

[molecules/cm3] 

new CH 4 

[molecules/cm3] 

dOH/dH 2 a GWP 

[100] 

Max OH  7.11E+5 2183 2.89E-8 0.260 67.47 

Average OH 2.11E+5 2183 8.57E-9 0.077 19.98 

Table 3-2: parameters for the evaluation of the GWP of H 2 derived from both maximum and 
average value of OH. 

 

The GWP [100] reported in the table 3-2 are almost the same as those obtained with 
the GFDL mechanism.  
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3.2.1.1. Photochemical data from IUPAC  

 

 

 
 

 

 
 

Figure 3.2.1.1: OH and HO 2 profile in urban environment with  GFDL chemical model and 
photochemical data taken from IUPAC  

Figure 3.2.1.2: OH and HO 2 concentrations in the two days analyzed with photochemical data 
taken from IUPAC  
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The first results reported are obtained using the IUPAC photochemical data. The OH 
and the HO2 concentrations are reported alongside their ratio s on two different days 
chosen arbitrarily. The simulation required  20 days to stabilize and give a more 
constant profile.  

As shown in Figure 3.2.1.4, the simulation maintains nearly constant values even when 
extended beyond 30 days. 

Figure 3.2.1.3: OH production and destruction rates for the two days considered with 
photochemical data taken from IUPAC  

Figure 3.2.1.4: HO 2 production and consumption rates in the two days considered with 
photochemical data taken from IUPAC  
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3.2.1.2. Photochemical data from MCM  

 

 

 
 

 

 

Figure 3.2.1.6: OH and HO 2 concentration profile in urban environment with GFDL model and 
photochemical rate constants taken from MCM  

 

Figure 3.2.1.7: OH and HO 2 concentrations in the two days analyzed with photochemical data 
taken from MCM  
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In the second configuration , the OH and HO 2 concentrations are now slightly lower  
from the first one, this is probably due to the different value s of the rate constants 
proposed by the MCM website. The ratio remains almost constant (decreasing slightly 
from 90 to 85), but the simulation requires more days to perform a stable result. 

The most important reaction s and their different contributes remain the same from the 
first configuration to the second.  

Figure 3.2.1.8: OH production and destruction rates for the two days considered with 
photochemical data taken from MCM  

Figure 3.2.1.9: HO 2 production and consumption rates in the two days considered with 
photochemical data taken from MCM  
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