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PEATLANDS

 Peatlands cover only 3% of terrestrial area but maintain 30% global soil carbon

 Complex ecosystem, rich in biodiversity and directly dependent on water conditions

 The temperature increase  and the water balance disturbances determined by human 

activity  may convert these ecosystems into net sources of atmospheric carbon

 Diffuse radiation impact?



DIRECT AND DIFFUSED RADIATION

Kasturi Devi Kanniah et al. 2012
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RADIATIVETRANSFER IN THE ATMOSPHERE AND 

ECOSYSTEM PRODUCTION

 SCATERING increases the ecosystem’s CO2 absorption capacity

 ATTENUATION reduces the ecosystem’s CO2  absorption capacity



ECOSYSTEM CO2 BALANCE
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Net Ecosystem Production (NEP) vs. Photosynthetically 

Active Photon Flux Density (I) 

red stars – cloudless conditions

black circles – cloudy conditions



MEASURING SITE

 PolWET site located in Rzecin village (52°45’N, 16°18’E, 

ca. 54 m a.s.l.) 



SITE DESCRIPTION

 The Rzecin peatland is classified as a transitional peatland

 P = 550mm, 

 Tair = 8.2 C
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RZECIN POLWET STATION
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DIFFUSION INDEX (DI)

Idiff – diffused PAR

Itot – total PAR

DI = Idiff / Itot



COMPLEX MODEL CONCEPT

ECOSYSTEM

ATMOSPHERE

(clouds + aerosols)

The assessment of the ecosystem's response to the 

optical parameters changes has been made using a 

parallel application of two models:

1. Radiative Transfer Model (RTM)

2. Ecosystem Production Model (EPM)



MODELS STRUCTURE
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Fu, Q., and K.-N. Liou, 1992: On the correlated k-distribution method for radiative transfer in nonhomogenous

atmospheres. J.Atmos. Sci., 49, 2139–2156.

SATELLITE DATA
- NDVI

(DI, PPFD)

ATMOSPHERIC DATA
Julian day,

Solar zenith angle,
AOT_500, 

Totat water vapor,
Single scatering albedo
Asymmetry parameter,

Angstrom exponent, 
Surface albedo.

Cloud cover (SATELLITE 
DATA)



Period : May 20, 2018- September 30,2018

Flux data

1. GEP-Gross Ecosystem Production

Meteorological data

1. TA – air temperature

2. VPD – vapor pressure deficit

3. DI – diffusion index

Satellite data

1. NDVI – normalized difference vegetation index

2. CC – cloud cover fraction

DATA SET



DI ESTIMATION - RADIATIVE TRANSFER MODEL (RTM)

Figure 1. Predicted versus observed 

diffusion index (DI) values



DIFFUSE RADIATION REGIMES – EPM MODEL DEVELOPMENT



JULY

DI 0.0-0.3 DI 0.3-0.8 DI 0.8-1.0

DI = 0.0 - 0.3

DI = 0.3 - 0.8

DI = 0.8 – 1.0

Estimate Std. Error t value Pr(>|t|)    

Vmax   -8.659      0.776 -11.159   <2e-16 ***

Km    321.672    132.068   2.436   0.0158 *

Estimate Std. Error t value Pr(>|t|)    

Vmax -12.6667     0.9308 -13.608  < 2e-16 ***

Km   526.9796    99.1510   5.315 1.67e-07 ***

Estimate Std. Error t value Pr(>|t|)    

Vmax  -15.691      1.327 -11.825  < 2e-16 ***

Km    389.641     67.075   5.809 1.93e-08 ***

GEP = (Vmax ∙ PPFD) / (Km + PPFD)



GEP = (VMAX ∙ PPFD) / (KM + PPFD)

Vmax = A*NDVI + B*DI +C

Km =A*NDVI + B*DI + C 

Parameter A B C R2

Km 245.7 ** 487.5 ** -1868.3 ** 0.622

Vmax -6,643 *** -10.4 *** 45.4 *** 0.933

Table 2. Parameters values and statistics



GEP SIMULATIONS

Figure 3. Predicted vs. 

observed Gross Ecosystem 

Production (GEP) values

Gross Ecosystem Production (GEP) simulations were carried 

out according to following assumptions:

1. reference conditions

2. AOT +0.05

3. AOT +0.10

4. AOT +0.15

5. AOT +0.20

6. SSA =  0.8

7. SSA = 1.0



RESULTS



SUMMARY

RESULTS

• AOD increase of 0.20 relative to reference conditions resulted in an increase of GEP 

by 8.2% during the growing season

• SSA increase from reference level 0.96 to 1.0 resulted in a negligible increase in GEP 

(0.6%)

• SSA reduction from the reference level (0.96) to 0.8 resulted in a reduction of 

peatland GEP by 6.0%

• The AOD decrease observed over Poland will result in a reduction in the CO2

absorption capacity of peatlands in the future



HARENDA ET AL.  AFM 2022
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