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Hawaii Islands (USA) 



Among the  Wettest Spot 

on the EARTH Waialeale 

Hill, Hawaii (USA) 

Width = 22km (Approx) 

Height = 1.5 Km (Approx) 



Mount Waialeale, Hawaiian Wai‘ale‘ale, peak, central 

Kauai island, Hawaii, U.S. Waialeale (Hawaiian: 

“Rippling Water”), with an elevation of 5,148 feet  (1,569 

metres), is a dissected (eroded) dome. It is part of a 

central mountain  mass that includes Kawaikini (5,243 

feet [1,598 metres]), the island’s highest  peak, 

immediately south. Waialeale is located at the 

southeastern edge of an  extinct caldera that is now a 

plateau called Alakai Swamp. Shrouded in clouds,  

Waialeale is one of the world’s wettest spots, averaging 

some 450 inches  (11,430 mm) of rainfall annually. In 

1982, 666 inches (16,916 mm) of rain were  recorded on 

the peak, establishing an official record. Only a few 

miles away,  however, the amount of rain drops 

dramatically to only 10 inches (250 mm) a year. 

http://www.britannica.com/EBchecked/media/160829/Mount-Waialeale-Kauai-island-Hawaii


⃝MANY PLACES WITH ANNUAL HEAVY RAINS IN EXCESS OF 448 
INCHES/YEAR 

⃝Lloro, Colombia, averages 13,300mm (523.6 in) per year 

⃝Mawsynram, Meghalaya, India, averages 11,873 mm (467 in) 

⃝Mt Waialeale, Hawai'i, USA, annual average 11,684 mm (460 in) 

⃝Cherrapunji, also in Meghalaya; yearly avg 11,430 mm (450 in) 

⃝Tutunedo, Choco, Colombia, annual avg of 11394 (448 in) 

FOR COMPARISION 



http://www.geos.ed.ac.uk/abs/Weathercam/CumulusStreetsAnimation.html  

Cumulus Streets Animation over Hawaii region  

http://www.geos.ed.ac.uk/abs/Weathercam/CumulusStreetsAnimation.html


GOES WEST NORTHERN HEMISPHERE VISIBLE 5 JAN 2013  8 frame : UV-MADISON 

HAWAII  ISLANDS 



Waialeale Hill with clouds (Hawaii, USA) 





THE MARCH OF STRATOCUMULUS ACROSS THE HAWAIIAN ISLAND AND OCCASIONAL 
MERGERS FORMING TOWERING CUMULUS – FEB 18 2012 
 
 
 (As viewed by land based Radars) 



THE MARCH OF STRATOCUMULUS ACROSS THE HAWAIIAN ISLAND AND OCCASIONAL 
MERGERS FORMING TOWERING CUMULUS – APR 30 2012 
 
 
 (As viewed by land based Radars) 



THE MARCH OF STRATOCUMULUS ACROSS THE HAWAIIAN ISLAND AND OCCASIONAL 
MERGERS FORMING TOWERING CUMULUS – NOV 06 2012 
 
 
 (As viewed by land based Radars) 
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1. Stably stratified air can be forced to raise over a mountain 
ridge. The rising air cools, becomes saturated, and cloud and 
precipitation results. The rainrate can be estimated from 
upstream radiosonde data, i.e. the temperature, dewpoint and 
wind profiles. This is the most common type of orographic 
rainfall, especially in mid-latitudes. In Hawai'i the sustained 
uplift of marine boundary layer air over the mountains, but 
below the freezing level, results in steady rain, formed by warm 
rain processes (condensation and coalescence). 

2. Stable air may be forced around an isolated 
mountain, rather than over it. In this case the 
leeside convergence of air may result in uplift and 
enhanced rainfall, possibly convective rainfall. An 
example is the Puget Sound Convergence Zone 
near Seattle, USA . 

FLOW OVER  OR AROUND THE MOUNTAIN 







Tipping Bucket  

Rain Gauge  



6 hour rainfall at MOUNT WAIALEALE (USGS) - 2010.  
Negative values indicate missing or trace events. 

The estimated rainfall for APRIL is 41.75 inches 

The estimated rainfall JULY is24.19inches The estimated rainfall for JUNE is22.87inches 

The estimated rainfall for AUGUST is 

27.75 inches 

The estimated rainfall for SEPTEMBER is 

14.97 inches 

The estimated rainfall for MAY is 18.89 inches 



Orographic rain near Waialeale mountain (Hawaii) 
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Maximum generation of orographic rain from disposition of Super Saturation  



A CLIMATOLOGICAL BACK TRAJECTORY FROM WAIALEALE  



Relative Humidity along the flow (850mb) over Hawaii region  



Static Stability (x1000) calculated  Across mean flow over Hawaii  



Cloud base (LCL) over Lihue (Waialeale) 
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DOWN Wind 

UP Wind 

Lihue (Waialeale, Hawaii) 

Data Source: ERAInterim resolution,  1.5x1.5 deg lon-lat 



WRF-ARW OUTLINE 

22N,159W  

0.5km x 889 ~ 445km 

1.5km x 964 ~ 1446 km 

                  

4.5km x 740 ~ 3330 km  

• 42 Vertical levels 
• Microphysics : Goddard 
• Longwave Radiation : Goddard 
• Shortwave Radiation : 
Goddard 
• Planetary boundary Physics : 
Yonsei Univerity Scheme 
• Cumulus_parametrization : NIL 
  Explicit clouds (resolved) 
•Initial Conditions : GFS (10x10) 
•Lateral Boundary Conditions:  
GFS (10x10) 

nested 

nested 



Simple non precipitating 
stratocumulus modeling 



Simple non precipitating stratocumulus modeling, Murray  and Anderson (1965)  

The buoyancy field 

vorticity generation, 

The vorticity equation is expressed by  



The thermal energy equation is taken as 

in liquid water and water vapor respectively 



CHANGE OF PHASE 

Thus saturation results in removal of water vapor and the formation of an equivalent amount 
of liquid water. 

The condensation heating or evaporative cooling for the thermal equation is next defined by 
the statement 





20 MINUTE GROWTH OF A CLOUD 



W 

OVER SHOOTING TIME    



Goddard microphysics in WRF 



The Water substance components of the model and their rates of growth includes a drop 
size distribution N(D) is assumed as 

an intercept parameter. 

The Prognostic equations 



a)   Cloud Water 



The transfer rates 



The symbols on the right hand sides 

Praut                   Auto conversion of cloud water by rain 
Praew                   Accretion of cloud water by rain 
Prevp (er)             Evaporation of rain 
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transfer rates 

Goddard Cumulus Ensemble model 
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From: Tutorial-5, ETH by Lukas Papritz 



        Conversion processes 

a)    Auto-conversion (cloud water to rainwater, Praut ) : 



b)    Accretion (cloud water to rainwater, Pracw ) : 
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Model Forecast   - String of Day-1 forecast 
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Waialeale Raingauge Rain 



MOUNT WAIALEALE RAINFALL(mm) 

12UTC 07 SEPTEMBER 2010 12UTC 11 SEPTEMBER 2010 

12UTC 30SEPTEMBER 2010 
12UTC 19 SEPTEMBER 2010 12UTC 30 SEPTEMBER 2010 



MOUNT WAIALEALE RAINFALL(mm) 

12UTC 05 APRIL 2010 12UTC 06 APRIL 2010 





CLOUD RESOLVING MODEL BASED 
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The Buoyancy field  

 The Buoyancy is defined as follows: 

 

where rl is the liquid water mixing ratio, and Tv’ and respectively denote virtual temperature 

values inside a cloud (where rl > 0.1 g/kg) and outside a cloud (where rl < 0.1 g/kg).   T is the 

virtual temperature  and Tv is defined as 

Tv
*
 = 1+(rv/)/(1+rv)T, 

where T denotes air temperature, rv is the mixing ratio of water vapor, and  is the ratio of 

molecular weights of water vapor and dry air ( = 0.622).  
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NORTH-EAST MONSOON 



Zoom IT 

Visible Image from TERRA/MODIS (18th Dec 2012, 04.35UTC) 
Resolution: 500m 





ZOOM IT 

Visible Image from 

TERRA/MODIS 

(22nd Dec 2012, 

05.00UTC) 

 

 

Resolution: 500m 







RESULTANT GRADIENT LEVEL WIND-NOVEMBER RESULTANT GRADIENT LEVEL WIND-DECEMBER 

RESULTANT GRADIENT LEVEL WIND-JANUARY 
RESULTANT GRADIENT LEVEL WIND-FEBRUARY 





Jawadhu Hills & Pudupalayam RF 
(Near Polur) 

LOOKING FROM THE WEST 

Width = 20km (Approx) 

Height = 0.8 Km (Approx) 
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Jawadhu 

A CLIMATOLOGICAL BACK TRAJECTORY FROM POLUR  JAWADHU 





Relative Humidity along the flow (850mb) over Bay of Bengal  



Static Stability (x1000) calculated  Across mean flow over Bay of Bengal  



Cloud base (LCL) near Jawadhu (Tamilnadu) and Lihue (Waialeale) 
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Up Wind 

Low Wind 

Lihue (Waialeale, Hawaii) 

Data Source: 

ERAInterim resolution  

1.5x1.5 deg lon-lat 



HANDLING OF THE TERRAIN IN WRF 
 
THE WRF UTILIZES A SIGMA COORDINATE SYSTEM WITH SIGMA EQUAL TO ONE SURFACE 
CARRYING THE HEIGHT OF THE EARTHS SURFACE.  

 
IN OUR WORK WE USE THE USGS TERRAIN HEIGHTS (WHICH IS COMPATIBLE WITH THE 
WRF TOPOGRAPHY). THE USGS DATA COMES AT A 2 METER RESOLUTION, THOSE 
ARE  INTERPOLATED TO OUR INNER WRF GRIDS RESOLUTION OF 500 METERS.  

 
THE RAW DATA OF USGS IS GLOBAL, HENCE ONCE WE MOUNT THE HAWAIIAN (WAIALEALE) 
ON TO THE POLUR REGION, WE SIMPLY SUBSTITUTE GRID POINT BY GRID POINT THE 
HAWAIIAN TOPOGRAPHY ON TO THE RESPECTIVE POLUR INNER NEST.  FOR LAND USE  THE 
PREVIOUS POLUR LAND SURFACE DATA IS STILL RETAINED.  TRIGONOMETRIC RELATIONS ARE 
USED FOR THE ROTATION OF THE FRONT FACE OF THE HAWAIIAN MOUNTAIN THAT 
REPLACES THE FRONT FACE OF THE POLUR MOUNTAIN. SOME SMOOTHING WAS NECESSARY 
FOR THE BLENDING OF  THE BACK SIDE OF THIS NEW CONFIGURATION. 

 
BY THE FRONT FACE WE MEAN THE TOPOGRAPHY OF THOSE GRID POINTS IN THREE 
DIMENSIONS THAT WOULD FIRST SEE A NORMAL IMPACT OF THE CLIMATOLOGICAL WINTER 
MONSOON WINDS.  



OROGRAPHY AROUND 
WAIALEALE  

HAWAII (500m)  

OROGRAPHY AROUND 
JAWADHU HILLS, 
TAMILNADU (500m) 



HAWAII MOUNTAIN PLACED ON THE JAWADHU HILLS , TAMILNADU 



LARGER PERSPECTIVE OF HAWAII MOUNTAIN PLACED 
ON THE JAWADHU HILLS , TAMILNADU, NO ROTATION 



ORIGINAL OROGRAPHY AROUND JAWADHU HILLS , 
EASTERN GHATS, TAMILNADU 



ROTATED HAWAIIAN MOUNTAIN PLACED ON 

THE JAWADHU HILLS, TAMILNADU 



Orographic rain near JAWADHU with rotated Waialeale mountain 



Del(h)/Del(x)*Del(qs)/Del(z)*u 



A SEQUENCE OF DAY 1 
FORECASTS FOR 
UNDISTURBED DAYS 
OVER THE REGION OF 
JAWADHU HILLS. 

 
THIS MAKES USE OF THE 
ROTATED FRONT END OF 
THE WAIALEALE 
MOUNTAINS OVER THE 
JAWADHU HILLS . 



A SEQUENCE OF DAY 1 
FORECASTS FOR 
UNDISTURBED DAYS 
OVER THE REGION OF 
JAWADHU HILLS. 

 
THIS MAKES USE OF THE 
ROTATED FRONT END OF 
THE WAIALEALE 
MOUNTAINS OVER THE 
JAWADHU HILLS. 



A SEQUENCE OF DAY 1 FORECASTS FOR UNDISTURBED DAYS OVER THE REGION OF 
JAWADHU HILLS. 

 
THIS MAKES USE OF THE ROTATED FRONT END OF THE WAIALEALE MOUNTAINS 
OVER THE JAWADHU HILLS. 
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Simulations of rain between one to one and half inches per day  was possible in 80% of the cases that we ran. 



POONDI Lake 

CHENNAI 

JAWADHU Hills 

Red Hills/ 

Puzhal  

Lake 



TOPOGRAPHY FOR THE PIPE 

POONDI LAKE 



POONDI Lake 

Chembarambakkam Lake 

Red Hills/ 

Puzhal  

Lake 

Cholavaram Lake Lakes Around Chennai 



Chennai has fresh water reservoirs/lakes (Those all lakes are 

located around 80E,13N) namely Poondi, Sholavaram, Puzhal 

Lake (Red Hills), Chembarambakkam, Veeranam to cater the 

daily needs of water for Chennai area. Some of them used to store 

water from Krishna river. 

 

Chennai receives most of its water from these reservoirs,  

 

1. Poondi Lake (3,231 Mcft-million cubic feet),  

 

2. Cholavaram Lake (881 Mcft, Ponneri taluka of Thiruvallur 

district, Rain-fed reservior),  

 

3. Puzhal Lake/Red Hills Lake (3,300 Mcft;, Ponneri Taluk of 

Thiruvallur district, Rain-fed reservior)  

 

4. Chembarambakkam Lake (3,645 Mcft; Kanchipuram district, 

40 km from Chennai ; Rain-fed reservior): The Adyar River 

originates from this lake. 



 

۩ As of 2012, Chennai Metrowater supplies about 830 million litres of 
water every day to residents and commercial establishments (Chennai 
Metro ). 

 

۩ Chennai has fresh water reservoirs/lakes namely Poondi, Sholavaram, 
Red Hills, Chembarambakkam, Veeranam to cater the daily needs of 
water for Chennai area. 
 

۩ The average rainfall in Chennai is 1276 mm. Chennai receives 
about 985 million liters per day (mld) from various sources against 
the required amount of 1200 mld and the demand is expected to 
rise to 2100 mld by 2031. The newly constructed Minjur 
desalination plant adds another 100 mlds to the city's growing 
demand. 
 

۩ Given an inch of rain per day over a two and half mile 
square  (from the proposed orographic effect) ,  
hypothetically if that water were to be harvested entirely, 
that would provide a number 411 million litters per day.  

HOW DOES THE NEW OROGRAPHIC RAIN 

COMPUTE FOR CHENNAI CITY'S WATER NEEDS 



Calculations 
 

1 mile = 63360 inches 
Given one inch of rain/day  
2.5 miles = 2.5 x 63360 inches 
(2.5 miles)2 = (2.5 x 63360)2 square inches 
                      = 25090560000 square inches  
1 litres = 61 cubic inches 
Total no of liters/day from one inch of rain = 
25090560000/61 = 411 millions litres/day 





 IT IS POSSIBLE TO PREDICT , THE DAY BY DAY RAINS, SOMEWHAT CACURATELY  
AT WAIALEALE (A MOUNTAIN THAT HOLDS A WORLDS RECORD FOR TOTAL 
ANNUAL RAINS)  USING A CLOUD RESOLVING MODEL. THIS IS HERE 
ILLUSTRATED FROM A STRING OF DAY-1 FORECASTS.  THE MODEL CARRIES A 
REALISTIC OROGRAPHY FOR THE WAIALEALE MOUNTAINS AT 500 METER 
RESOLUTION. THE MODEL PREDICTS A REASONABLE POPULATION OF MARINE 
STRATOCUMULUS, MERGERS INTO TOWERING CUMULUS, THE ENHANCED 
GROWTH OF BUOYANCY AS CLOUDS INTERACT WITH THE ASCENT OF 
UNDISTURBED  TRADE WIND STRATOCUMULI   OVER THIS OROGRAPHY.  
 

  THE DISPOSITION OF SUPERSATURATION AND THE COALESCENCE PROCESS 
FOR WARM RAIN CONTRIBUTE TO THE HEAVY RAINS OVER THIS SPECIAL 
SLOPING TERRAIN.  
 

  STREAMS OF STRATOCUMULS AND A SMALLER PROPORTION OF TOWERING 
CUMULUS ARE A PART OF THE SUBTROPICAL PACIFIC TRADE WIND BELT . 

  
 THE MODEL SIMULATES A REASONABLE POPUALATION OF STRATOCUMULUS, 

TOWERING CUMULUS AND THE OROGRAPHIC RAINS. 

SUMMARY REMARKS 



 THE MODEL RAINS IN THE VICINITY OF THE WAIALEALE SHOWS CONSISTENT 
RIANS OF THE ORDER OF AN INCH A DAY ON MOST UNDISTURBED PERIODS.  
 

 THE SLOPE OF WAIALEALE , THE LOCATION OF THE LCL, THE VERTICAL 
GRADIENT OF SATURATION SPECIFIC HUMIDITY , THE TRADE WIND SPEEDS 
IMPACTING WAIALEALE ARE IMPORTANT FACTORS ALONG THE VERTICAL 
FOR THE DISPOSITION OF SUPERSATURATION RAINS.  

 
WE SHOW THAT SIMILAR WINDS, MARINE LAYER MOISTURE, INVERSION , 

PLETHORA OF STRATOCUMULUS AND OROGRAPHIC NEAR THE 
SUBTROPICAL COASTAL AREAS ARE SEEN IN SEVERAL OTHER PARTS OF THE 
WORLD. ONE SUCH CANDIDATE REGION IS THE SOUTH EAST COAST OF INDIA 
WITH THE NORTH EAST WINTER MONSOON FLOW AND THE EASTERN 
GHATS.  
 

 ON UNDISTURBED DAYS THE RAINFALL ALONG THE SOUTHERN PARTS OF 
THE EASTERN GHATS IS VERY WEAK.  

 

…Continued 



 THIS STUDY SHOWS RESULTS FROM A MODELING STUDY WHERE THE FRONT 
FACE OF THE WAIALEALE MOUNTAINS (FACING THE WINDS)  IS PLACED AS 
THE FRONT FACE OF THE JAWADHU HILLS, THAT FRONT FACE IS ROTATED TO 
BE PERPENDICULAR TO THE NORTH EAST WINDS OF THE WINTER 
MONSOON. 
 

 THE MAJOR RESULT IS THAT ON UNDISTURBED DAYS WHEN NO RAINFALL IS 
OBSERVED NEAR THE JAWADHU HILLS, THE DEPLOYMENT OF A ROTATED 
FRONT END PRODUCES NEARLY AN INCH TO AN INCH  AND A HALF OF RAIN 
EACH DATY. 
 

 THE LAST PART OF THE TALK ADDRESSES POSSIBILITIES FOR  RAIN 
HARVESTING FOR THE CHENNAI RESERVOIRS. A FEW GEO-ENGINEERING 
ISSUES, WITH THE OBJECTIVE OF CONTRIBUTING TO THE WATER SHORTAGE 
ISSUES OF CHENNAI REGION. 
 

FUTURE WORK WILL ADDRESS THE DESIGN OF A  MINIMAL MODELING SYSTEM 
THAT CAN BE COST EFFECTIVE AND PRACTICAL FROM THE GEOENGINEERING 
PERSPECTIVE. 

…Continued 



END & THANKS 



B. LLoro, Colombia, 
annual rainfall avg 
of 13,300 mm 
(523.6 in)  

A. Tutunedo, Choco, 
Colombia, annual 
rainfall avg of 11394 
mm (448 in) 



Cherrapunji, also in 
Meghalaya; yearly 
rainfall avg 11,430 
mm (450 in) 

Mawsynram, 
Meghalaya, India, 
averages 11,873 
mm (467 in) 



A 3-D perspective of 
the terrain of the 
Himalayas. The 
location of 
Cherrapunji is marked 
with an X. 

Daily rainfall 
amounts at 
Cherrapunji for the 
period 1 May – 10 
August, 
1979. Units of mm. 

Cherrapunji, yearly 
rainfall avg 11,430 mm 
(450 in) 


