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Introduction

ÅClimate is defined by a set of statistics, hence important 
to examine PDF

ÅLau and Wu examined PDF trends in tropics

ÅTrend detection in non-stationary time series

ÅCompensating GHG and Aerosol effect on climate, 
aerosol effect with large uncertainty

ÅAerosol ź cloud ź precipitation 
ïDirect effects (absorption, scattering)

ïIndirect effects (cloud albedo and cloud life cycle)

ïSemi-indirect effect 

ïElevated heat pump effect

Ą impacts both energy and hydrologic cycle



Data 

ÅGPCP 2.5 degree pentad 

ÅDerived from IR histograms and calibration with 
microwave estimates 

ÅRain data binned at 1 mm/d intervals

ÅFour rain categories
ïNo rain

ïLight rain B5 (lowest 5%) (bin 1)

ïIntermediate  I25 (bin 4-14)

ïHeavy T10 (top 10%) (bin 20 and above)

ÅMODIS AOD at 0.1 intervals and >0.5



Global and Tropical Average Rain Rate

1979-2007

Data from GPCP 2.5 degree pentad data. Solid line shows 30 day (1 

month) moving average

Tropics 30N-30S

Global



Time Series of Annual Tropical 

Rainfall Anomalies



Summary of Linear Trend Analyses

Tropics Tropics - Land Tropics - Sea Global

Mean (mm/day) 2.88 2.74 2.94 2.26

Standard deviation 0.06 0.11 0.07 0.04

No-rain fraction 0.16 0.30 0.11 0.23

Slope (mm/d 

/decade)

0.044 0.024 0.051 0.004

p-value 0.00007 0.35 0.0001 0.59
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Significance determined by p-value < 0.05



Empirical Mode Decomposition

ÅThe trend is only good for the length of the data 
record

ÅEMD data driven, applicable to non-stationary 
time series

ÅDecomposition of time series into Intrinsic Mode 
Functions (IMFs) that resolves different time 
scales

ÅA trend is defined if last IMF (longest time scale) 
is monotonic (increasing or decreasing)

Å Huang et al. (1998) Proc. Roy. Soc. 



Intrinsic Mode Functions (IMFs) of 

Tropical Rainfall



IMFs of Tropical Land Rainfall



IMFs of Tropical Ocean Rainfall



Climatological Distribution of Tropical Rain 

Rate PDF and Accumulated Precipitation

FOC fraction of coverage

AP accumulated precipitation

Land (solid black)

Sea (unfilled)

-higher rain frequency over 

sea than over land

Higher AP over sea at low 

and high rain rates

Lower AP over sea at 

moderate rain rate

FOC

AP

Higher land AP at 

moderate rain rate 



Linear Trends of Rain Rate Bins

FOC Normalized 

FOC

AP

Over sea

Significant increasing linear 
trends for bin 1 and high rain rate 

bins, decreasing trends for 

moderate rain 

Over land

Decreasing trends for low rain 

rate bins and a few increasing 

bins for high rain rate bins



Climatology of FOC and AP for different 

rain rate categories (1979-2007) 

Over oceans, rains more frequently, more light and heavy rain but less 

moderate rain than over land



Trends of FOC and AP for different 

rain rate categories



Summary of Linear Trends for the 

Tropics and Tropical Land and Sea

B5 (low) I25 (Moderate) T10 (heavy)

tropics land sea tropics land sea
tropic

s
land sea

Threshold rain rate (mm/day) <1 (bin 1) Bin 4~14 Bins >20

AP (mm) 45.4 29.2 50.8 542.9 590.0 529.7 127.5 85.7 143.5

Linear change in AP (mm) 3.3* -2.6* 5.3* -48.7* -- -64.8* 87.0* 19.6* 109.3*

FOC (%) 37.7 26.1 41.6 19.7 21.5 19.2 1.3 0.9 1.5

Linear change in FOC (%) 6.2* -- 8.8* -2.0* -- -2.6* 0.8* 0.2* 1.0*

* Denotes Linear trend significant at 95%, -- denotes significance <90%



Spatial distribution of Terra MODIS Aerosol Optical 

Depth (AOD) at 550 nm Feb 2000 - Jan 2004



Climatological Rain Rate Categories 

binned by AOD intervals

Larger no rain fraction associated with high AOD areas



Linear Trends of Rain Rate 

Categories binned by AOD 

Larger decrease of FOV associated with low AOD (<0.2)

I25 decrease in low AOD regions



Southeast China FOV and AP for 

heavy rain

Aerosol dust 

pollution, 

Significant 

Increases in heavy 

rain only, other 
categories show no 

significant trend



Northern India FOV and AP for 

heavy rain

Aerosol type ïdust, 

BC and pollution

Similar to SE China, 

no significant trend 

except for heavy rain


