Aggregating fluxes and surface
characterisitcs of heterogeneous surfaces

Summer School on PBLs over Complex and Vegetated Land Surfaces
4-14 June 2005, Sodankyla, Finland



Background NG

*Upscaling from point (field scale) to grid (landscape scale).

*Need for effective surface parameters in weather

forecasting, climate modelling, and air pollution modelling.

*Relevant surface boundary conditions from satellite
Images are now available.



Objective

Calculate the effective roughness lengths for
momentum and temperature in heterogenous
terrain

Goal

Improve estimation of momentum and surface
sensible heat fluxes in heterogeneous terrain



Motivation....for heat flux calculation

We are upscaling from point (field scale) to grid (landscape scale)

because there Is a need for

effective surface roughness parameters in:
weather forecasting,

climate modelling,

crop water modelling,

air pollution modelling.



Surface fluxes in heterogeneous terrain RIS@
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The heterogenieties are

variations in surface boundary conditions

Roughness (z0)

Surface temperature (TS)
Leaf area index (LAI)
Surface humidity

The spatial scale Is important



How to model the non-linear effects?

Use a two-dimensional atmospheric model in the horizontal domain

Describe the non-linear response at each boundary condition step change

Remember the influence from one grid cell to the next

Apply Monin-Obukhov similarity theory and phsi-function for stability correctior

Calculate the local surface fluxes and roughness



Basic flow equation
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U, is the mean wind

u is the perturbation wind
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Checkerboard case (synthetic data)

H Aggre - Datahandling Module Version: 1.12
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Figure 5. Microscale aggregation resutlts of the effective roughness conipared with the logarithmic average as a

function of fractional areal coverages. The results are calculated for (g1, zp2. M) (see text) of (0.1 m. 0.00f m,

+4.8) for variable patch sizes:x, 12.5 m: +., 50 m; %, 200 m: |, 800 m. Results from Schmid and Biinzli (1995)
for: m. mixing-length model for 50 m patches and O, K — & model for 50 m patches are shown.
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TABLE 5. SENSIBLE-HEAT FLUX RESULTS (WM™2) FOR CHECKERBOARD TERRAIN WITH WARM,
ROUGH AND COOL, SMOOTH PATCHES (CASE A) AND REVERSED (CASE B) FOR VARJABLE AIR
TEMPERATURES AT 5 M HEIGHT AND WIND SPEED 5 M S

Temperature (°C)

14 15 16 17 18 19 20 21 22 23
{1 CQH., A 407 337 2067 198 131 65 O —-62  —122 —179
B 4ll 340 270 201 133 66 0 —64 =125 —184
2y (QH)Y A 3591 500 409 321 233 E47 6Od L) —98 —176
B 453 364 276 189 104 21 —60 —138 215 —288

(1) Equilibrium. (2) Nonlinear aggregation.

i@ Aggre - Datahandling Module VWersion: 1.12 il
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Data file #2 ‘ Find data file #2 | e HE | SEve 2 a5

|
|

Incex table ‘D'\JVO\CEHA\Aggre\SIudycase checkerboardichec  Colorindextable | Editinciex & coord | Print #1 | A " Warm ro u g h an d COO | S m Ooth
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Equations for vegetation, non-vegetation and water RIS

Vegetated land (include grass, grains, decidouos and conifer forest)

Z,

- 5. 85 L
exp( iz U )

Bare land (include bare soil, ice, snow and urban areas)

Z =
" exp(23.1,/u.) for z,< 0.05 m
Loy = ;
exp(103.3,/z,u.) forz;=0.05m
For smooth water, ie for U, <0.1 For rough water, iefor U, >0.1
7n =
Z,- 0.1 viu. 0= g
Zo =2 Zot = o
ot — o “ T exp(L00 (z, ux)?)



Ta

Surface
temp.

T*




SURFACE HEAT FLUX

0.
6’(2);In(zi0t)

V4 Parameters from

5 85 13 remote sensing




Input-output

You will need

Land cover type map

Roughness map (or look-up table)
Leaf area index (LAI) map
Surface temperature map

Air temperature (e.g at 10 or 50 m)
Wind vector (e.g at 10 or 50 m)

e O O =

You will achieve

1. The effective roughness for momentum <z,>
7. The effective roughness for temperature <z, >
3. A friction velocity map
4.

A surface sensible heat flux map




Summary

Major characteristics of the model:

oIt is a microscale model valid for local to regional scale from 20 m to 15 km
* It Is two-dimensional in the horizontal domain

* It calculates the effective roughness values for momentum and heat

* It calculates the surface momentum flux and sensible heat flux

o It is fast as it is a spectral model (linearized equations solved with FFT)



Example of the AggreData interface

m Aggre - Datahandling Module Yersion: 1.12

Datafile #1 D4 WOACEHANAggret Studyease_Foulumbtm_class19

Data file #2
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Find data file #2 RO === SaveE A 85
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i Aggregation - Flow over variable roughness and temp.
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