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Map of New Zealand and  Christchurch regionMap of New Zealand and  Christchurch region



Winter time pollution Winter time pollution –– ChristchurchChristchurch

“Common sense shows that there is a smog problem in Christchurch -
through winter you can both see and smell it.  This is what Vicki Buck meant 
when she said we don’t need science to prove this.” (Kelly, 1998:7)
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Topographic factors and a conceptual model of Topographic factors and a conceptual model of 
nearnear--surface airflowsurface airflow during winter smog episodes during winter smog episodes 

over over ChristchurchChristchurch



Local topographic influences Local topographic influences 
on airflowon airflow

Flow over and around Flow over and around the the Southern AlpsSouthern Alps

Flow over and around Banks PeninsulaFlow over and around Banks Peninsula

Land and sea Land and sea breezesbreezes

Drainage windsDrainage winds from from the the Port Hills and Port Hills and 
Canterbury PlainsCanterbury Plains

Wind and Wind and stabilitystability effects of urban effects of urban andand
rural areasrural areas



Input data:Input data:
NCEPNCEP AnalysisAnalysis

(Global meteorological (Global meteorological 
input fields)input fields)

MM5 versionsMM5 versions
3.5.3 3.5.3 && 3.6.13.6.1

Eulerian dispersion Eulerian dispersion 
modules of modules of CAMx4CAMx4

Data Assimilation,Data Assimilation,
REGRID REGRID --> INTERPF> INTERPF



Nested grids and orography (grid 4)Nested grids and orography (grid 4)



MM5 BASIC PARAMETERISATIONMM5 BASIC PARAMETERISATION

44 grids with spatial resolution grids with spatial resolution 27, 9, 3, 127, 9, 3, 1 kmkm
37 37 –– 43 vertical levels (12 43 vertical levels (12 –– 14 in lowest 500 m)14 in lowest 500 m)
Simple ice/graupel Simple ice/graupel explicit moisture schemes explicit moisture schemes ––

DudhiDudhiaa//Reisner1Reisner1
GrellGrell cumulus cumulus parameterization (grids 1, 2) parameterization (grids 1, 2) 
MRFMRF (grid 1 & 2) and (grid 1 & 2) and BlackadarBlackadar (grids 3 & 4) (grids 3 & 4) 

PBL PBL parameterizationparameterization
Radiation cooling of atmosphere Radiation cooling of atmosphere -- RRTMRRTM
MultiMulti--layer layer soilsoil temperaturetemperature modelmodel ––

bucketbucket soil soil moisturemoisture schemescheme



Overview of the logical standing of the Overview of the logical standing of the 
different methods of grid 4 different methods of grid 4 initializationinitialization

Experiment Experiment 4x14x1

43 vertical 43 vertical levelslevels

Global Global AnalysisAnalysis

grids 1grids 1--4 run: 4 run: 72 h72 h

grid 4 run: grid 4 run: 48 h48 h
(24 h spin(24 h spin--up)up)

Experiment 4x2Experiment 4x2

43 vertical 43 vertical levelslevels

Global Global Analysis Analysis 

grids 1grids 1--3 run: 3 run: 72 h72 h

grid 4 run: grid 4 run: 48 h48 h
(separately)(separately)

Experiment 4x3Experiment 4x3

43 vertical 43 vertical levelslevels

Global Global AnalysisAnalysis

grid 1 run: grid 1 run: 72 h72 h

grids 2grids 2--3 run: 3 run: 72 h72 h
(separately)(separately)

grid 4 run: grid 4 run: 48 h48 h
(separately)(separately)

Evaluation of the effects of Global Analysis data and FDDAEvaluation of the effects of Global Analysis data and FDDA analysisanalysis



Modelled nearModelled near--surface wind, experiment 4x1, grid 4: surface wind, experiment 4x1, grid 4: 
a) 1700 NZST 4.08.2000 (41 h forecast)a) 1700 NZST 4.08.2000 (41 h forecast)
b) 0000 NZST 5.08.2000 (48 h forecast)b) 0000 NZST 5.08.2000 (48 h forecast)

 

a)
b)



Modelled nearModelled near--surface wind, experiment 4x2, grid 4: surface wind, experiment 4x2, grid 4: 
a) 1700 NZST 4.08.2000 (41 h forecast)a) 1700 NZST 4.08.2000 (41 h forecast)
b) 0000 NZST 5.08.2000 (48 h forecast)b) 0000 NZST 5.08.2000 (48 h forecast)

a)
 

b)



Modelled nearModelled near--surface wind, experiment 4x3, grid 4: surface wind, experiment 4x3, grid 4: 
a) 1700 NZST 4.08.2000 (41 h forecast)a) 1700 NZST 4.08.2000 (41 h forecast)
b) 0000 NZST 5.08.2000 (48 h forecast)b) 0000 NZST 5.08.2000 (48 h forecast)

 

 
  a) b)



Model evaluation statistics: Model evaluation statistics: IOAIOA, PCC,, PCC,
SS--RMSE, URMSE, U--RMSE, 1RMSE, 1-- 7 August 20007 August 2000

0.910.915.825.825.415.410.870.87Experiments 4x3Experiments 4x3

0.890.896.686.686.106.100.860.86Experiments 4x2Experiments 4x2

0.810.819.569.566.476.470.770.77Experiments 4x1Experiments 4x1

Relative Humidity (%)Relative Humidity (%)
0.900.901.901.901.371.370.940.94Experiments 4x3Experiments 4x3

0.900.901.551.551.541.540.910.91Experiments 4x2Experiments 4x2

0.880.881.521.521.491.490.920.92Experiments 4x1Experiments 4x1

Temperature (Temperature (ooC)C)
0.760.760.490.490.370.370.590.59Experiments 4x3Experiments 4x3

0.650.650.760.760.730.730.530.53Experiments 4x2Experiments 4x2

0.600.600.920.920.850.850.540.54Experiments 4x1Experiments 4x1

VV--component  (component  (m/sm/s))
0.950.950.610.610.250.250.910.91Experiments 4x3Experiments 4x3

0.860.860.960.960.530.530.790.79Experiments 4x2Experiments 4x2

0.800.801.461.460.850.850.690.69Experiments 4x1Experiments 4x1

UU--component  (component  (m/sm/s))
0.870.870.560.560.310.310.770.77Experiments 4x3Experiments 4x3

0.750.750.880.880.670.670.650.65Experiments 4x2Experiments 4x2

0.710.711.251.250.850.850.620.62Experiments 4x1Experiments 4x1

Wind Speed (Wind Speed (m/sm/s))

IOAIOAUU--RMSERMSESS--RMSERMSEPCCPCCEXPERIMENTEXPERIMENT



Modelled nearModelled near--surface wind, grid 4 (14h forecastsurface wind, grid 4 (14h forecast)): : 
a) 1400 NZST 23.07.2000 (scheme 4x3)a) 1400 NZST 23.07.2000 (scheme 4x3)
b) 1400 NZST 23.07.2000 (scheme 4x1)b) 1400 NZST 23.07.2000 (scheme 4x1)

 

a) b)



Problems of using WRF following our MM5 Problems of using WRF following our MM5 
experience experience 

We need a new multiWe need a new multi--parallel computer for parallel computer for 
proper WRF utilisation and applicationproper WRF utilisation and application



ConclusionConclusion

The research has shown the ability of MM5 to The research has shown the ability of MM5 to 
reproduce air circulation for the Christchurch area reproduce air circulation for the Christchurch area 
(during winter time) (during winter time) 

As expected, there was permanent conflict between As expected, there was permanent conflict between 
synoptic scale processes imported via the global synoptic scale processes imported via the global 
analysis and local scale processes: this factor was analysis and local scale processes: this factor was 
investigated for more accurate  MM5 evaluation investigated for more accurate  MM5 evaluation 
over Christchurch over Christchurch 

We are currently examining the issues involved in We are currently examining the issues involved in 
replacing MM5 by WRFreplacing MM5 by WRF


