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Downscaling!

Dynamical or Statistical? 
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Downscaling!



Self-Organizing Maps

(Crane and Hewitson, 2003) 



Human Health



Downscaling: spread of Malaria in Africa
Quantifying the Influence of Environmental Temperature 

on Transmission of Vector-borne Diseases



Downscaling: spread of Malaria in Africa
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Downscaling Precipitation in PA

For warming within the projected 

range of 3-6C, even very small 

decreases in summer precipitation 

(5% or so) could push runoff into a 

vulnerable regime, with substantially 

more frequent low-flow conditions 

that, along w/ warmer stream 

temperatures, threaten nuclear & 

fossil fuel energy plants.



(Crane and Hewitson, 2003) 

Downscaling Procedure



Downscaling Procedure

Period: 1979-present (daily, 2.5 °× 2.5 °)
Atmospheric Variables:

• U and V winds at 10 m
• U and V winds at 700 hPa
• Specific humidity at 850 hPa
• Relative humidity at 850 hPa
• Air temperature anomaly at 10 m
• Lapse rate 850–500 hPa



Liang Ning
Self-Organizing Maps (“SOM”s) – SLP Patterns
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Downscaled precipitation - NCEP

Climatological Rainfall

Downscaled precipitation – CMIP5 ensemble

Downscaling Precipitation for Southern Florida



Downscaled precipitation - NCEP

Climatological Rainfall

Downscaled precipitation – CMIP5 ensemble

(bias corrected)

Downscaling Precipitation for Southern Florida



Downscaling Precipitation for Southern Florida

Projected Change in Rainfall

Downscaled precipitation – CMIP5 ensembleRaw model precipitation – CMIP5 ensemble



Downscaling Precipitation for Southern Florida

Downscaled precipitation – CMIP5 ensemble



Downscaling Precipitation for Southern Florida

Downscaled precipitation – CMIP5 ensemble



CONCLUSIONS

•Statistical downscaling uses empirical relationships between large 

and local scales to downscale climate model simulations.

•Downscaled climate model simulation results can play a critical role 

in integrated assessment tools for assessing climate change impacts 

and mitigation strategies.

•Climate Downscaling is critical for assessing climate change 

impacts at regional and local scales.

•Statistical downscaling techniques offer the the advantage of (a) 

being highly efficient and (b) circumventing potential physical 

limitations of models w.r.t. e.g. convective parameterizations, etc.

•Application of appropriate climate downscaling methods is likely to 

play a critical role in evaluating climate change impacts on the 

critical southern Florida region.

•On the other hand, they invoke certain types of statistical stationarity 

assumptions that can be circumvented with dynamical/physics-based 

approaches.



How to downscaling?
 Dynamical downscaling

 Higher resolution numerical model constrained in GCMs

 Statistical downscaling

 Transfer functions between synoptic states and the 

parameters of interest

Advantages and disadvantages



Step 1: Train SOMs

(Crane and Hewitson, 2003) 



Step 2: Calculate Cumulative Distribution

 Map synoptic state of each day from NCEP data 
to one node of the already trained SOM

 For each node:
 Rank the precipitation on those days mapped to this node from low 

to high 

 Fit a spline to the ranked precipitation data 

 Interpolate off spline to 100 ranks

 Each station is described by 99 different CDFs 
related to 99 characteristic synoptic states



Steps 3&4: Map GCMs data and do downscaling

 Map synoptic state of each day from NCEP or 

GCMs data to one node of the already trained 

SOM

 For each step:
 A precipitation value is generated by multiplying 100 with r between 0 

and 1 determined by randomly selecting from the associated CDF for 

that synoptic state.

 Persistence of rainfall accomplished by modifying r. If rain occurs on 

the first day, then for the second day 1.2√r is used.

 Generate 1500 time series



PRECIPITATION DOWNSCALING 

OVER PENNSYLVANIA 







Outline

 Introduction to the downscaling

 Data sets

 Downscaling procedures

 Validation of Downscaling over the Historical 

Era

 Evaluation of GCMs circulation data

 Evaluation of the downscaling method

 Comparisons between observed and downscaled 

precipitation data



Three data sets:

 NCEP reanalysis data
 Period: 1979-present

 6-hourly averaged to daily
 2.5 °× 2.5 °
 Variables:

 U and V winds at 10 m

 U and V winds at 700 hPa

 Specific humidity at 850 hPa

 Relative humidity at 850 hPa

 Air temperature anomaly at 10 m

 Lapse rate of temperature 850–500 hPa



 Why downscaling?

(Randall et al, 2007)



 Observed precipitation data

 Period: 1979-2005

 Daily

 17 stations (39°-42°N, 75°-82°W)

http://cdiac.ornl.gov/epubs/ndp/ushcn/state_PA.html

Monthly data available Daily and monthly data available



 GCMs data
 10 GCMs forced by 20c3m scenario

 Periods: 1961-2000

 Daily

 Regridded to 2°× 2°

 Variables: same as NCEP data



 Validation of Downscaling over the Historical 

Era

 Evaluation of GCMs circulation data

 Evaluation of the downscaling method

 Comparisons between observed and downscaled 

precipitation data



Frequency distributions across the SOM nodes for atmospheric circulation from NCEP (a), models CCCMA (b), CNRM (c), GFDL (d),

IPSL (e), MPI (f) centered on 40.0°N and 76.5°W (Unit: %)  



The average of the averaged quantization errors over all the SOM nodes for NCEP and 10 GCMs circulation data centered on 40.0°N 

and 76.5°W



Average quantization error distributions across the SOM nodes for atmospheric circulation from NCEP (a), models 

CCCMA (b), CNRM (c), GFDL (d), IPSL (e), MPI (f) centered on 40.0°N and 76.5°W



The average (a) and standard deviation (b) of the averaged quantization errors across the SOM nodes for NCEP and 10 GCMs 

circulation data centered on 40.0°N and 76.5°W



Sea level pressure distribution corresponding with 99 SOM nodes (Unit: hPa)



The cumulative distribution functions of daily precipitation values corresponding with 99 SOM nodes

(Unit of X-axis: 1, unit of Y-axis: mm)



The probability distributions of observed and downscaled daily precipitation for 17 stations in Pennsylvania during the period 1979-2005 



The correlation coefficients between observed and downscaled monthly precipitation amounts over 17 stations during period 1979-2005

The bold indicate that those correlation coefficients can meet 99% significant confidence level

Station ID Number of months Number of years Correlation coefficient of monthly 

precipitation amounts

360106 279 25 r=0.50

361354 313 27 r=0.47

363028 309 27 r=0.43

363526 217 19 r=0.50

363699 153 13 r=0.55

364385 170 15 r=0.49

365915 321 27 r=0.42

366233 307 27 r=0.44

366689 218 19 r=0.47

367477 324 27 r=0.40

368449 320 27 r=0.41

368596 301 27 r=0.53

368905 313 27 r=0.43

369050 292 27 r=0.44

369298 320 27 r=0.45

369464 213 20 r=0.52

369933 321 27 r=0.49



(e)

(f)

(d)

(c)

(b)

(a)

Observed and downscaled monthly precipitation amount time series for period 1979-2005 over station 363699 (a), 368596 

(b), 369464 (c), 365915 (d), 367477 (e), and 368449 (f)  (Unit: mm)



Deviations of climatology indices values

Absolute deviation of median monthly precipitation amount (mm) 10.96 (12.02%)

Average deviation of median monthly precipitation amount (mm) 0.17 (0.19%)

Absolute deviation of average monthly precipitation amount (mm) 8.95 (9.05%)

Average deviation of average monthly precipitation amount (mm) -1.77 (-1.79%)

Absolute deviation of standard deviation (mm) 8.37 (17.65%)

Average deviation of standard deviation (mm) -0.71 (-1.51%)

Absolute deviation of monthly number of rain days (day) 0.89 (7.51%)

Average deviation of monthly number of rain days (day) -0.46 (-3.87%)

The absolute and average deviations between observed and downscaled climatology indices over all months and all 17 

stations, and the corresponding percentages



Conclusions

 SOMs is an effective method to extract the 

characteristic synoptic circulation patterns

 The GCMs simulated synoptic circulation 

patterns are similar to the observed patterns

 The downscaled precipitation can capture the 

main characters of the observed precipitation on 

probability distributions, and varieties on different 

time scales with close climatology indices



Future work

 Validation of the downscaling on precipitation over 

the future era 

 Assessment of downscaled maximum temperature 

and minimum temperature

 Continue to improve the downscaled precipitation, 

especially for those months with large monthly 

precipitation amounts
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