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A modelling approach to carbon, water and  

energy feedbacks and interactions across the  

land-atmosphere interface. 
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5 The model hierarchy 

5.1 Terrestrial ecosystem models/Soil vegetation atmosphere 
transport models 
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5.2 Planetary boundary layer models (PBL) [+ the Coupled 
Atmosphere-Biosphere (CAB) model] 
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5.3 Regional atmospheric models 
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5.4 General circulation models  
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5.5 Dynamic global vegetation models 
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5.6 Earth system models of intermediate complexity (EMIC) 
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6 The measurement hierarchy 

6.1 Biophysical measurements 
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6.2 Branch bag/Chamber measurements/FACE 
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6.3 Eddy covariance 
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6.6 Mauna Loa 
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6.7 Satellite  
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6.8 Ice cores 
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8 Context of thesis 
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9 Thesis objectives  
'��������
��/���%��
����$�����
����
���������$
��������
��>������������������������/������

�����������������
������:��$��

�������������.�#
������/�����

����
������$���$���������


���
������%� ��� ������
���� ���� �$
��$������� �� ���
���:��$��

���:����

���� 2"@'4�

$����.�#
��$����������������
��"@'�$�����������$�����%�����
��"@'�$�����
��������

�����������������
���������$��

�������������.�-���
����
����%����������

��������������
��

$�����2������
��������������%�������������������������������������������4�������$����������



� �7�

���� ������� �

���������� ��� �
�� $����� ���� ���������.� ;������%� �
�� ��$��������� ��� �
��

�

����
��������������%��������������������.�

� #
�� �
����� ��� ����������� ��� �� ������� ��� 
�
���� ��������� ���� 
����������.� #
��

������������
���
����������������&�O�

Chapter 2 (Paper 1): Interactions between a boreal forest stand 
and the planetary boundary layer 
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Chapter 3 (Paper 2): Exchanges of carbon, water and energy 

between a boreal forest and the planetary boundary layer. 
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Chapter 4 (Paper 3): A simple inverse modelling approach using 

Monte Carlo sampling, applied to a terrestrial ecosystem and 

planetary boundary layer model. 
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Chapter 5: Discussion 
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Appendix A: Treatment of random errors 
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Appendix B: CAB manual: Description of the Coupled-

Atmosphere-Biosphere model 
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Paper 1: Interactions between a boreal forest stand 

and the planetary boundary layer 
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Model testing 

Latent energy at the land-surface 
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Coupled atmosphere-biosphere model 
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Can we identify feedbacks between the PBL and the biosphere, 
and what are their impacts on vegetation and PBL responses?  
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What is the relative importance to the coupled system of changes 
to the hydraulic, mechanical, and radiative properties of the 
biosphere? 
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Paper 2: Testing the carbon, water and energy flux 
predictions of a coupled atmosphere-biosphere 
model above a boreal forest. 
�
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Assessing the strength of the diurnal CO2 cycle 
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Results 

The land surface over the study period 
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The land surface on the study days 
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Assessing the strength of feedbacks caused by the presence of 

vegetation 

#
�� �$
���������$�����������������&��������$��

�����
���&���P��,�&��$��%�������

����
��&����
������
� �����$��:��
��
�������P�.1�/	��
��
���D	���2;������%������$�

�
����
�����4.�#
���������/�����������A�����0������������������
���		%�2;�������%���
�

��
�����4.�

Discussion 

Capturing the atmosphere-biosphere system 
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Paper 3: A simple inverse modelling approach applied 

to a coupled terrestrial ecosystem / planetary 

boundary layer model. 
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Motivation for the Monte Carlo inversion approach 
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Description of the simple Monte Carlo approach 
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 9. STOP 

 

 

1. Initialise the analysis 

by defining: Priors, 

Uncertainties, Number of 

steps to accept 

2. Initial 

model run 

3. Propose a new 

parameter step 

4. Accept/reject proposed step 

on the basis of priors 

6. Accept/reject proposed 

step on the basis of priors 

5. Run the model 

for proposed 

parameter step 

7. Set the proposed step to 

be the current step 

Accept 

Accept 

Reject 

Reject 

8. Has the number of 

accepted steps been 

reached? No 

Yes 
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The example of a simple conceptual model 

Motivation for the conceptual model 
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Inverting the conceptual model  
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Results and discussion for the conceptual model 
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Conclusions from the conceptual model 
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Individual experiment setup 
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Experiment results 
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Exp. Name Steps Runs Burn-in stepsa priori a priori  uncert. Obs. Std.Dev. (%) Obs. Offset Std. Dev. (%)

Gelman

All 100000 12 10000 1 0.25 0 0

Flat pri

Flux 300000 1 10000 Flat N/A 0 0

Aircraft 300000 1 10000 Flat N/A 0 0

Both 300000 1 10000 Flat N/A 0 0

Uncert. 1 (Magnitude)

50% 50000 1 10000 1 0.25 100 0

Nominal (100%) 50000 1 10000 1 0.25 100 0

200% 50000 1 10000 1 0.25 100 0

Uncert. 2 (Bias)

Nominal (0%) 50000 1 10000 1 0.25 100 0

-50% 50000 1 10000 1 0.25 100 -50

50% 50000 1 10000 1 0.25 100 50

False Pri.

Nominal 50000 1 10000 1 0.25 100 0

 +1 Std. Dev. 50000 1 10000 1.25 0.25 100 0

 -1 Std. Dev. 50000 1 10000 0.75 0.25 100 0
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Exp. Name

M. SD. Sk. M. SD. Sk. M. SD. Sk. M. SD. Sk. M. SD. Sk. M. SD. Sk.

Gelman

All n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Flat pri

Flux 0.97 0.06 0.16 0.13 1.38 0.01 2.54 0.94 -0.16 -0.32 1.14 0.25 0.30 0.98 -0.67 0.97 0.09 -0.25

Aircraf t 1.07 0.35 2.57 0.45 1.45 0.10 2.49 0.95 -0.19 -0.85 0.91 1.03 -0.04 0.80 -0.36 0.95 0.18 0.57

Both 0.97 0.05 0.20 0.28 1.11 -0.22 2.33 0.86 0.11 -0.07 1.15 0.00 0.35 0.80 -1.09 0.94 0.06 -0.10

Uncert. 1 (Magnitude)

50% 1.00 0.05 0.36 1.05 0.23 0.02 1.02 0.19 0.98 0.98 0.22 -0.22 1.00 0.15 -0.18 0.98 0.06 -0.25

Nom. (100%) 1.00 0.06 0.26 1.06 0.25 -0.02 0.94 0.18 1.12 1.04 0.27 -0.18 1.05 0.16 -0.22 0.98 0.06 -0.14

200% 1.02 0.07 0.15 1.10 0.25 0.21 0.76 0.09 0.48 1.00 0.27 -0.05 1.12 0.15 -0.30 1.00 0.07 -0.19

Uncert. 2 (Bias)

Nom. (0%) 1.00 0.06 0.26 1.06 0.25 -0.02 0.94 0.18 1.12 1.04 0.27 -0.18 1.05 0.16 -0.22 0.98 0.06 -0.14

-50% 0.87 0.07 -0.06 1.05 0.25 0.03 0.84 0.15 1.61 0.88 0.23 -0.08 1.49 0.11 -0.18 0.81 0.08 -0.30

50% 1.15 0.06 0.77 1.03 0.26 0.16 0.92 0.16 1.22 1.13 0.21 -0.24 0.58 0.17 -0.28 1.14 0.06 0.14

False Pri.

Nominal 1.00 0.06 0.26 1.06 0.25 -0.02 0.94 0.18 1.12 1.04 0.27 -0.18 1.05 0.16 -0.22 0.98 0.06 -0.14

 +1 Std. Dev. 1.00 0.05 0.44 1.32 0.24 0.09 1.02 0.22 0.84 1.30 0.22 -0.07 1.17 0.14 -0.24 0.99 0.06 0.01

 -1 Std. Dev. 1.00 0.06 0.23 0.75 0.22 -0.10 0.87 0.10 0.53 0.68 0.24 0.17 0.91 0.18 -0.25 0.97 0.06 -0.23

Foliar nitrogenLeaf  area index RespirationRoughness A lbedoPlant hyd. Cond.
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The Coupled Atmosphere-Biosphere model 

discussion 
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Testing the Coupled Atmosphere-Biosphere model 

#
�� "��
���� @�$��

���:'���

���� 2"@'4� $����� ��� �
�� /��� $��������� ����� ��� �
���

�
����.�#
��$����� ������������ ��� �&��������O�;������� �
������

����
���$�����������������

����������������
��������������

������$
����������
��$����.�����������
�����������
����

"@'�$�����������������
����������$���%�
�����������
������$��������
������

��������

��$��

���%������
������������������&�����
�$.�

At the land-surface 
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In the planetary boundary layer 
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Applying the CAB model  
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Appendix A: Treatment of random errors 
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Number of paired data = 498

Normal distribution; standard deviation = 3.2

Laplace distribution; mean absolute deviation = 3.2
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Number of paired data = 66

Normal distribution; standard deviation = 3.5

Laplace distribution; mean absolute deviation = 3.3

-15 -10 -5 0 5 10 15
0

0.05

0.1

0.15

0.2

0.25

Random error

(W m-2)

F
re

q
u
e
n
c
y

LE error distribution for PAR > 25 µmol m-2 s-1

 

 

Number of paired data = 613

Normal distribution; standard deviation = 4.6

Laplace distribution; mean absolute deviation = 2.7
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Number of paired data = 71

Normal distribution; standard deviation = 12.6

Laplace distribution; mean absolute deviation = 9.7
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Number of paired data = 3844

Normal distribution; standard deviation = 1.4

Laplace distribution; mean absolute deviation = 1.2
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Number of paired data = 349

Normal distribution; standard deviation = 2.0

Laplace distribution; mean absolute deviation = 1.7
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Number of paired data = 4206

Normal distribution; standard deviation = 5.2

Laplace distribution; mean absolute deviation = 3.5
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Number of paired data = 366

Normal distribution; standard deviation = 12.3

Laplace distribution; mean absolute deviation = 7.8
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2 Coupling 
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2.1 Coupling overview 
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3 Source models 

#
��$����������� ��� �
��"@'�$������������$
��0�����
��������������������������� ���

�
�������������L��
��
#�7�'��%��)7�=� ���
��
#�7�'��%��)71=�?�!!����������!�%��))1=�?�!!������

����!�%����6M.�#��������
��
���������&��
���&��/����/��&����������
����$
�����������
��

"@'�$����%� ���� ����� ����$������ �
�� $����������� ��
���� ���� ������������ $���� ��� �
��

$�����%�&��������������������������
�����������
�$�������$
�����.�

3.1 Atmospheric component (OSU1DPBL) 
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Time-step

Horizontal components of windspeed

Shortwave radiation
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Fractional cloud cover
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3.1.1 Atmospheric dynamics 
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3.1.2 The surface energy balance 
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3.1.3 Calculation of LE 
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3.1.4 Motivation for changing the surface scheme 
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3.2 Biosphere component (SPA) 
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3.2.1 Radiative Transfer 
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3.2.2 Hydraulics 
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3.2.4 Photosynthesis 
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3.2.5 Stomatal dynamics 
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3.3 Respiration component (DALEC) 
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3.3.1 Choice of respiration model 
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3.3.2 Respiration model structure 
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3.3.3 Limitations to the box model 
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4 Model alterations 
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4.1 Changes to OSU1DPBL 

4.1.1 Precipitation 
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4.1.3 CO2 
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4.1.4 OSU1DPBL surface flux routine 
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4.2 Changes to SPA 

4.2.1 Variable time-step 
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4.2.2 Daily integrations 
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4.2.2 Calculation of diffuse radiation 
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4.2.3 Meteorological drivers 
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4.2.4 Gap filling 
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4.2.5 Soil organic fraction and water field capacity 
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4.2.6 Soil thermal conductivity 
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4.2.7 Solving the surface energy balance 
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4.2.8 Calculation of VPD 
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4.3 Changes to the respiration model 
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4.4 CAB model structure overview 
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5 SPA model files, subroutines and functions 

5.1 All_declarations.f90 
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5.2 Scale declarations.f90 
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5.3 Canopy.f90 

5.3.1 SUBROUTINE DAY 
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5.3.2 SUBROUTINE SET_LEAF 
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5.4 Leaf.f90 

5.4.1 SUBROUTINE ASSIMILATE 

• �-		��A*�@A 8��O���A#@	9#� #-@A�

• �-		��9A�� 8@��O��D@	%�A�@;#��	%��#9��-;;%�K'!� #�

• A����7@3A	��=�"�*%��!!9!%���#@'%���#�9%�D���
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5.4.2 SUBROUTINE DELTAPOTENTIAL 

• �-		��A*�@A 8���O�9��- #%�AB	%�!,J��

• A����7@3A	�=�AB	- #��!@#9!�
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5.4.3 SUBROUTINE LWP 

• A����7@3A	��=�"@ 9	E%�AB	- #��!@#9!%���#@'%���#�9�
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5.4.4 FUNCTION ARRHENIOUS 
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5.4.5 FUNCTION CDIFF 

• �-		��9A�� 8@��O��-;;��-9 %�;@!J�(@!%��

• 7@3A	��O�"�	%���#@'%���#�9�

�����$����� �
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5.4.6 FUNCTION DIFFUSION 

• A����7@3A	�=�D���

�����$������
��������������$���������$������������.�

5.4.7 FUNCTION EVAP 

• A����7@3A	�=�D���
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5.4.8 FUNCTION FARQUHAR 

• A����7@3A	��=���#�9%�D���
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5.4.9 FUNCTION LEAFTEMP 

• A����7@3A	��=�"9�	A�%��!!9!%�D��%���#�9�
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5.4.10 FUNCTION STOMDIFF 

• �-		��9A�� 8@�O��#9�@#@%��9��A��O���#@'%���#�9%�D���
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�
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5.4.11 FUNCTION STOMATA 

• �-		��A*�@A 8��O���A#@	9#� #-@A�

• �-		��9A�� 8@��O�@!!(� -9��%�"�-;;%��-;;��-9 %��D@	%�

;@!J�(@!%�A�@;#��	%�#��	��#%�K'!� #�

• A����7@3A	��=�"�	%���#@'%���#�9%�D���
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5.4.12 FUNCTION TEMPMET 
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5.5 Light.f90 

5.5.1 SUBROUTINE ATTENUATE_NIR 

• A����7@3A	�=�"@ 9	E�

"���������� -!������������.�

5.5.2 SUBROUTINE ATTENUATE_PAR 

• A����7@3A	�=�"@ 9	E�
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5.5.3 FUNCTION FRACDIFF 

• A����7@3A	��=�"A-�%�"9�	A���

����5.�.��"��������������������������������

5.5.4 SUBROUTINE LONGWAVE 

• A����7@3A	�=�"@ 9	E�

"�����������
������:&����2AB4����������������������.�

5.5.5 SUBROUTINE SOLAR 

• �-		���A*�@A 8��O�@##� �@#�f -!%�@##� �@#�f	@!%�

A9 �B@D��

• �-		��9A�� 8@�O�;!@"�-;(9�!�

• A����7@3A	��=�"@ 9	E%�"A-�%�"9�	A�%�(9�!�"@A�%�

-!!@�-@ "�f�� �(@��%�D���
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5.6 Soil functions.f90 

5.6.1.1 SUBROUTINE CANOPY_BALANCE 

• �-		���A*�@A 8���O�"@ �#9!%�9��- #%�!,J��

• A����7@3A	��=�(9�!�"@A�%�- #��!@#9!%��9-Af�#!�"#�!��
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5.6.1.2 SUBROUTINE CANSTOR 

• �-		��9A�� 8@�O�B�#�D@	�

• A����7@3A	��=�"@ 9	E%�(9�!�"@A�%�- #��!@#9!%�

�9-Af�#!�"#�!��
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5.6.1.3 SUBROUTINE CRANK_NICHOLSON 

• A����7@3A	��=�"@ 9	E%�(9�!�"@A�%��- #��!@#9!%��

�9-Af�#!�"#�!��
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5.6.1.4 SUBROUTINE INFILTRATE 

• A����7@3A	��=�"A-�%�(9�!�"@A�%�(E�!9A%���#�9%�

�9-Af�#!�"#�!��
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5.6.1.5 SUBROUTINE SNOWCALC 

• A����7@3A	��=�"A-�%�"9�	A�%�(9�!�"@A�%�

-!!@�-@ "�f�� �(@��%�� 9B- ;9%��9-Af�#!�"#�!�%�D���
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5.6.1.6 SUBROUTINE SNOWRUN 

• �-		���A*�@A 8��O�� 9B"@A"�

• A����7@3A	��=�"A-�%�(9�!�"@A�%�-!!@�-@ "�f�� �(@��%�

� 9B- ;9%��9-Af�#!�"#�!�%�D���
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5.6.1.7 SUBROUTINE SOIL_BALANCE 
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• �-		���A*�@A 8���O�9��- #%�!,J�%��9-A�#9!�

• A����7@3A	��=�(9�!�"@A�%�- #��!@#9!%�9��- #%��9-A- ;9%�

�9-Af�#!�"#�!��
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5.6.1.8 SUBROUTINE SOILDAY  

• �-		���A*�@A 8���O�"@ 9	Ef'@A@ "�%�"!@ ,f -"(9A�9 %�

� 9B!� %��9-A;"%��9-A;"D�%��B	�9-A!%��B	�9-A!D�%�

#(@B��	#(%�B@#�!;A�G��%�B@#�!#(�!�@A%�

B@#�!�	#@,�A@E�!�

• �-		��9A�� 8@��O�� �!�E%�#(�!�"9 �%�K'!� #�

• A����7@3A	��=�"A-�%�"9�	A�%��!!9!%�(9�!�"@A�%�

-!!@�-@ "�f�� �(@��%�� 9B- ;9%��9-Af�#!�"#�!�%�D���
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5.6.1.9 SUBROUTINE SOILSTOR 

• �-		��9A�� 8@��O��9-A"9 �%��9-A"9 �D��

• A����7@3A	��=�"@ 9	E%�(9�!�"@A�%�- #��!@#9!%��9-A- ;9%�

�9-Af�#!�"#�!��
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5.6.1.10 SUBROUTINE THAWDEPTH 

• A����7@3A	��=�(9�!�"@A�%��9-Af�#!�"#�!��

�����$�����������������������%�������
�
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5.6.1.11 SUBROUTINE WATERFLUXES 

• �-		���A*�@A 8���O�- ;-A#!@#�%��9-Af'@A@ "�%��B	�9-A!%�

�B	�9-A!D�%�B�##- �A@E�!���

• A����7@3A	��=�"A-�%�(9�!�"@A�%�(E�!9A%��9-Af�#!�"#�!�%�

��#�9�
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5.6.1.12 SUBROUTINE WATERTHERMAL 

• A�����A*�@A 8���O�"A-�%�(9�!�"@A�%�(E�!9A%�

�9-Af�#!�"#�!��
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5.6.1.13 SUBROUTINE WETTINGLAYERS 

• A�����A*�@A 8���O�"A-�%�(9�!�"@A�%�(E�!9A%���#�9%�

�9-Af�#!�"#�!��
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5.6.1.14 SUBROUTINE WATERUPTAKELAYER 

• A�����A*�@A 8���O�"@ 9	E%�(9�!�"@A�%���#@'%���#�9%�

�9-Af�#!�"#�!�%�D���
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5.6.1.15 REAL FUNCTION ENERGY 

• �-		��9A�� 8@��O��G"9%�J�;A�G%�#(�!�"9 ��

• A�����A*�@A 8���O�"9�	A�%�� �!�Ef"9 �#@ #�%�(9�!�"@A�%�

�9-Af�#!�"#�!�%�D���
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5.6.1.16 REAL FUNCTION EXCO 

• A�����A*�@A 8���O�� �!�Ef"9 �#@ #�%�(9�!�"@A�%���#�9%�

�9-Af�#!�"#�!�%�D���
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5.6.1.17 REAL FUNCTION HEATCAP 

• A�����A*�@A 8��=��9-Af�#!�"#�!��
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5.6.1.18 REAL FUNCTION QEFLUX 

• �-		��9A�� 8@�O��G"9�

• A����7@3A	��=�"A-�%�� �!�Ef"9 �#@ #�%�(9�!�"@A�%�

��#�9%��9-Af�#!�"#�!�%�D���
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5.6.1.19 REAL FUNCTION THERMCOND 

• A�����A*�@A 8���O�(E�!9A%��9-Af�#!�"#�!��
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���
��$������������������������2����5.�.1�������
��$���������������4.�

5.6.1.20 REAL FUNCTION WETEVAP 

• A�����A*�@A 8���O�� �!�Ef"9 �#@ #�%�(9�!�"@A�%�D���
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5.7 SOIL AIR.f90 

5.7.1 SUBROUTINE BOUNDARY 

• A����7@3A	��O�"A-�%���#�9%�D���

�����$������
������������������������������������
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5.7.2 FUNCTION SOILCOND 

• A����7@3A	��O�"A-�%�(9�!�"@A�%�(E�!9A%���#�9%��9-A- ;9%�

�9-Af�#!�"#�!��
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5.7.3 FUNCTION SOILCONDVG 

• A����7@3A	��O�"A-�%�
��������%�(E�!9A%���#�9%���������%�

�9-Af�#!�"#�!��
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5.7.4 SUBROUTINE SOILFC 

• A����7@3A	��O�(9�!�"@A�%�(E�!9A%���#�9%�

�9-Af�#!�"#�!��
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5.7.5 SUBROUTINE SOILFCVG 

• A����7@3A	��O�"A-�%�(9�!�"@A�%�(E�!9A%���#�9%�

�9-Af�#!�"#�!��
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5.7.6 SUBROUTINE SWPSOILR 

• A����7@3A	��O�"A-�%�
��������%�(E�!9A%���#�9%�

�9-Af�#!�"#�!��
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5.7.7 SUBROUTINE SWPSOILRVG 

• A����7@3A	��O�"@ 9	E%���#@'%���#�9%��9-A- ;9%�

�9-Af�#!�"#�!��

@���������������
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5.7.8 SUBROUTINE WATER_RETENTION 

• A����7@3A	��O�(E�!9A%��9-Af�#!�"#�!�%��9-A- ;9��
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5.8 RUNGE_KUTTA.f90 

5.8.1 SUBROUTINE ODEINT 

-������������������������������������>��������L�����%��)71M.��

5.9 ZBRENT.f90 

5.9.1 FUNCTION ZBRENT 

#
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5.10 IO.f90 

5.10.1 SUBROUTINE DATOUT 

• A����7@3A	��O�"A-�%�"9�	A�%�� �!�Ef"9 �#@ #�%�

(9�!�"@A�%�-!!@�-@ "�f�� �(@��%���#�9%�

�9-Af�#!�"#�!�%�D���
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5.10.2 SUBROUTINE INIT 

• �-		���A*�@A 8��O�B@#�!f!�#� #-9 �

• A����7@3A	��O�"�*%�"A-�%�"9�	A�%��@A�"%�(9�!�"@A�%�

(E�!9A%���#@'%���#�9%�� 9B- ;9%��9-Af�#!�"#�!�%�D���
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5.10.4 SUBROUTINE IO_DAILY2 
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• A����7@3A	��O�"9�	A�%"A-�%�(9�!�"@A�%��9-Af�#!�"#�!��%�
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5.11 SUBROUTINE Main.f90 

#
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6 OSU1DPBL model file, subroutines and functions  
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6.1 caps104cV8.f 

6.1.1 PROGRAM PBLDRV 
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6.1.2 SUBROUTINE CHACHA 
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6.1.3 SUBROUTINE CLOUD 
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6.1.4 SUBROUTINE ERR1 
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6.1.5 SUBROUTINE HFAK 
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6.1.6 SUBROUTINE LCL 
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6.1.7 SUBROUTINE PBLL 
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6.1.8 SUBROUTINE PRINT 
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6.1.9 SUBROUTINE ROSR12 
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6.1.10 SUBROUTINE SIGTOZ 
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6.1.11 SUBROUTINE SFCXCH 
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6.1.12 SUBROUTINE SP  
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6.1.13 SUBROUTINE SUN 

• A����7@3A	�=�"9�	A��

�����$������
����$��

��������������������$�����.�

6.1.14 SUBROUTINE SVP 
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6.1.15 SUBROUTINE TDEW 
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6.1.16 SUBROUTINE TOPQ 
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6.1.18 FUNCTION DQSDT 
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6.1.19 FUNCTION FPSIH 
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6.1.20 FUNCTION FPSIM 
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6.1.21 FUNCTION T2M 
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7 SPA-OSU1DPBL interface file and subroutines 

7.1 SPinterface.f90 

7.1.3 SUBROUTINE RESPIRATION 
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7.1.2 SUBROUTINE SURFTEMP 

������� �
�� �������� ������� �������� �0
�������� 2���� 5.�.�� �������� �
�� �������� �������

�������4.�



�����

V
e
g
. 

P
a
ra

m
. 

F
ile

 (
T

a
b
le

 3
) 

S
o
il 

p
a
ra

m
. 

F
ile

 (
T

a
b
le

 4
) 

 R
u

n
 t

h
e
  

S
P

A
 m

o
d

e
l 

C
a
ll
 t

h
e
  

R
e
s
p

ir
a
ti

o
n

 
m

o
d

e
l 

C
o

m
p

a
re

 t
o
 s

o
il 

m
o
is

tu
re

, 
s
o
il 

te
m

p
e
ra

tu
re

 d
a
ta

 
a

n
d
 f

lu
x
e

s
 o

f 
L
E

 
a

n
d
 N

E
P

. 

M
e
t.

 D
ri
v
e

r 
fi
le

 (
T

a
b

le
 2

) 
P

h
e
n
o

. 
D

ri
v
e
r 

fi
le

 (
T

a
b
le

 6
) 

 

C
a
ll
 t

h
e
  

S
P

A
 m

o
d

e
l 

C
a
ll

 t
h

e
  

R
e
s

p
ir

a
ti

o
n

 
m

o
d

e
l 

C
o

m
p

a
re

 t
o
 s

o
il 

m
o
is

tu
re

, 
s
o
il 

te
m

p
e
ra

tu
re

 d
a
ta

 
a

n
d
 f

lu
x
e

s
 o

f 
L
E

 
a

n
d
 N

E
P

. 

C
a

ll
 t

h
e

  
O

S
U

1
D

P
B

L
 

m
o

d
e

l 

V
e

g
. 

P
a

ra
m

. 
F

ile
 (

T
a

b
le

 3
) 

S
o

il 
p
a

ra
m

. 
F

ile
 (

T
a

b
le

 4
) 

 

C
o

m
p

a
re

 t
o
 P

B
L
 p

ro
fi
le

 
m

e
a
s
u

re
m

e
n

ts
 o

f 
a
ir

 
te

m
p
, 

m
ix

in
g
 r

a
ti
o
 a

n
d

 
C

O
2
. 

a
) 

S
P

A
 m

o
d

e
l 

(o
ff

li
n

e
) 

 
 

b
) 

C
A

B
 m

o
d

e
l 

 
P

B
L

 P
a
ra

m
. 

fi
le

 (
T

a
b
le

 7
) 

 

D
A

L
E

C
 P

a
ra

m
. 

fi
le

 (
T

a
b

le
 5

) 
 

D
A

L
E

C
 P

a
ra

m
. 

fi
le

 (
T

a
b
le

 5
) 

 

;
��
�
��
�*
O�
#


��
�
��
�



��
��
$
�
�
��
��
��
��
�
��
�
��
&
�
�

��
��
O�
�4
�#


��
�
��
�



��
��
��
$


�
�
��
��
2�
	
@
4�
��
��
�
�
��
�
��
�
��
��
���
��
$
�
�
�.
�#


��
�
	
@
�$
�
�
��
��
��
��
�
��
�
��
�

��
&


�
��
��
��
�
��


��
��
�
.�
#


��

��
�

��
��
��
�
�$
�
�
��
��
��
��
���
�
��
��
�

��
�
	
@
�$
�
�
��
��
�
��
�
�
��
��
��


��
�
	
	
��
�
��
� 
�
�
.�
;
��
0�
��
�
��
 
�
�
��
�
�
�A
�
��
��
��


��
��
�
$


��
��
��
�
��
�
�
��
��
��
��
��
��
��
��
�.
��
4�
9
�
��
��


��
�
��
�



��
��

$
�
�
��
��
�
�
��


��


��
�$
��
��
��
��
��
�
��
��
��
��
��


��
��
�
��
�
��
�
��
�
�
�
��
��
�
%�
�

��
��
$
��


��
�$
��
��
��
��
��
�
��
��
��
�
��
�
��
�
��


��
��
���
��
�
�


��
�
�"
@
'
�$
�
�
��
.�
-�
��


��
�$
�
�
��
%�
�

��
9
�
�
��
	
'
A
�

$
�
�
��
��
��
��
��
��
��


��
$
��
��
��
��
��
�2
��
��
�
�
�
��
��
�
�&
��


�	
'
A
�$
��
��
��
$
��
��
4%
�&


��


��
��
��
��
�

��
�
	
@
�$
�
�
��
%�
��
�
��
�
�
��
>
�
��
��
��
�

��
��
�

��
��
��
�
�$
�
�
��
.�
#


��
�
	
@
�$
�
�
��
��
�
�
��


��

��
�

��
��
��
�
�$
�
�
��
�

��
��
�
��
�

��
��
�
�
:�
�
��
��
��
��
�
�
��
��
�
��
�
��
�
��
��
�
��
��
��
��
�
��
�
��
�
��
��
�
��


��
	
'
A
.�



�����

8 Running the model 
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9 Overview of input and output files. 
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