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Correction models 
have been proposed
(Nakamura et al., 2005; Cheng et al., 
2014)

→ 

Large intercomparison campaign has 
been performed
(Lacombe et al., 2010; WMO, 2005) 

→ 

→empirical models (lack of physical meaning)
→only few screens compared

Limitations:

Objectives of the study:

→ propose a simplified model based on a physical analysis

→ apply it to a large number of shelters

→ verify the physical consistency of the model
 according to observed data
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Statistics of the final data selected:

→ 26 shelters

→ sampling time : 60 s

→ 122,000 samples over 1 year (84 full 
days)



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

ma, Cpa
, TS

a

Assumption 1 : Ts
a 
is homogeneous

5



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

Va, Ta

6



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

mc, Cpc
, TS

c

Va, Ta

6



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

mc, Cpc
, TS

c

Va, Ta

Assumption 2 : Ts
c  
= T

a
 ( = T

a+c 
)

6



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

Va, Ta+c

mc, Cpc
, Ta+c

7



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

Ua 

Tin
a

Va, Ta+c
mc, Cpc

, Ta+c

Aseca

7



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

Ua 

Tin
a

Va, Ta+c

Qc*

mc, Cpc
, Ta+c

Qhc

Aseca

(1)

7



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

Ua 

Tin
a Aseca

8



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

T
U
Cp

Ua 

Tin
a Aseca

8



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

T
U
Cp

QHa
Ua 

Tin
a

TS
a

Aseca

(2)

8



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

ma, Cpa
, TS

a

9



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

ma, Cpa
, TS

a

(3)

Qa*

9



Jérémy Bernard

Introduction Methods Results Discussion

A simplified shelter...

QHa

ma, Cpa
, TS

a

(3)

Qa*

9



Jérémy Bernard

Introduction Methods Results Discussion

...for a simplified equation

Assumption 3: all between two samples 
(except T and T

a+c 
)

10



Jérémy Bernard

Introduction Methods Results Discussion

...for a simplified equation

Assumption 3: all 

Combining (1), (2) and (3):

between two samples 
(except T and T

a+c 
)

(4)

10



Jérémy Bernard

Introduction Methods Results Discussion

...for a simplified equation

Assumption 3: all 

Combining (1), (2) and (3):

between two samples 
(except T and T

a+c 
)

(4)

We define     , inject it into (4):

10



Jérémy Bernard

Introduction Methods Results Discussion

...for a simplified equation

Assumption 3: all 

Combining (1), (2) and (3):

between two samples 
(except T and T

a+c 
)

(4)

We define     , inject it into (4):

→ 1st order differential equation with constant coefficient 
and constant second term

(5)
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Resolution method
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Assumption 4: → 

Assumption 5:

(7)→ 

p
1
 and p

2
 calculated

● by non-linear regression
● for different solar angle ranges

11



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

p
1
 values:    0.00023 < 0.00054 < 0.0011

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

p
1
 values:    0.00023 < 0.00054 < 0.0011

For U ≈ 2 m.s-1, τ values (in min):

12



Jérémy Bernard

Introduction Methods Results Discussion

Error due to lag

→ 

p
1
 values:    0.00023 < 0.00054 < 0.0011

For U ≈ 2 m.s-1, τ values (in min):
8 < 15 < 36
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● radiation sensitivity

● Solar angle effect: crucial for some shelters
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Main findings

Openings

● The equation coefficient values seems consistent with 
observation

● lag
● radiation sensitivity

● Solar angle effect: crucial for some shelters

● Better understanding the physical relationship between p1 
and p2

● Data correction using this model should be tested
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Thanks to WMO for their agreement to freely use their data

And…

Thank you for your attention
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