Catchment Watercycle Mass and Energy Flows DRAFT V1
The reason for the project:

This is part of a bigger research program to help the world understand the value of the ecosystem services that rainforests provide to support life on our planet.   An overview of this program is described at  www.whirinakirainforest.info/ecosystem_services_value/  
This program suggests that the water cycle is most important in rainforests, so we are looking to find out about the water and energy flows in the Whirinaki Catchment
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We don’t know at this stage where this program might lead us.   But after talking with scientists at Landcare Research, NIWA, DOC and elsewhere, we are using our unique “place”,  The Whirinaki River Catchment including the Whirinaki Rainforest as our research site. www.whirinakirainforest.info 
Our first project was building equipment to  measure and log river outflows at the Te Whaiti Bridge.  Also  to record flows from the native forest area at the Canyon footbridge.
The second was building the low cost but powerful environmental sensing stations we need to help us learn more about how water flows change under different land use and conditions.  We hope to show how native rain forests with all their inter-dependent diverse species contribute to the flows and storage of water and energy in the catchment.  Our patron David Bellamy suggests that they influence and stabilise global climate. 

Of the rain that falls, we want to measure what is called “interception” - rain that is trapped in the canopy where it evaporates without ever reaching the ground. Also “transpiration” -  water from its roots that trees pump up and let out on the underside of its leaves . These and surface evaporation  result in local climate cooling by evaporation and heat absorption close to the earth’s surface which is radiated to space from higher altitudes when the water vapour condenses to fall as rain.  The energy levels in this water cycle are massive.
The Whirinaki Catchment
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1. The Weatherstation located on the kura site is on a hill surrounded by farmland.  It logs measurements every hour.
2. The River Flow Logger on the Te Whaiti Bridge has a catchment of 32,600 hectares upstream from it  which includes farming (East side) approx 1810 hectares and Forestry (West side) approx 1400 hectares .  It logs river flow very hour.
3. The River Flow Logger on the Canyon Bridge has a catchment of 14900 hectares upstream from it all in pristine native forest.  It logs hourly flows.

4. The Forest logger collects and stores via a wireless link (up to 1 km) from four Forest Sensor Stations hourly.  Each collects windflow, rainfall, temperature, relative humidity, absolute humidity, soil moisture, leaf transpiration moisture, solar level and battery voltage.  These will be positioned to observe and compare the patterns of measurements in the different land use areas.
The Catchment Data we Collect and Process:
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Coaching Scrum 1: Catchment Area / Rain Volume Calculations

A maths class exercise to prepare for further work later ( Done  March 7 2012)
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1. Get a large copy of the Whirinaki Catchment Map ( see above)
(a high resolution copy of this  is downloadable off the school web server)
2. Draw a line around the ridge top outside all streams that  flow into the Whirinaki above the Te Whaiti Bridge flow logging station

3. Do the same for all streams above the Canyon Bridge logging station

4. Count the map squares within each of the above lines (for those that are not fully inside,count only those that are more than half in).
5. From the map grid scale get area of each in square kilometres  

Above canyon

above Te Whaiti





157


326

square kilometres

6.  Convert that to Hectares   (each 100m x100m)  so 100 hectare per sq km




15,700


32,600 
hectares

7. Multiply Hectares  x 10000 to get the area of each in square metres

157,000,000

326,000,000

square metres

8. Look up the weatherstation rainfall readings to find out how many millimetres of rain fell for the last month

The approx rainfall for Feb was 100 mm (= 0.1 metre)

( we had a spider web blocking our rain gauge tipping bucket so this is a bit of a guess )

9. Calculate the  volume of water that fell on Whirinaki  in February

  15,000,000

32,600,000  (  =  32.6 million cubic metres)
10.   Calculate the number of seconds in a month and work out the average rainfall flow in cumecs (cubic metres per second) for the month
30 days x 24 hours x 60 mins x 60 secs = 2,592,000 seconds



Average rainfall over month  =  32.6 / 2.52 = 12.58 cumecs

11. Measure a 2 litre square shaped plastic milk bottle  (half full) to work out the approx volume of a litre of water  (note one litre  = 1000 cubic centimeters)
    
volume of one litre   = 10cm x 10cm x 10cm ( approx)
12. Weigh a 2 litre bottle of water to find out how many kilograms it weighs

 The empty bottle weighed 100 grams (.1kg)

 The full bottle weighed  2.1 kg 

 Therefore each litre of water weighs 1 kilogram

13. Work out the weight of a cubic metre of water  in (a) kilograms   b) tonnes

The number of 10cm cubes that fit into a cubic metre is 10x10x10, so one cubic metre of water weighs  1000  kilograms
1000  Kilograms is called a metric tonne,

Therefore a flow of 1 Cumec  = 1 tonne of water flowing per second 
Some reflective questions that might get us get thinking about more research:
1. Could we compare the rainfall onto the catchment with river outflow?

2. May the rainfall be heavier in the higher rainforest than on low farmland? 
3. Does lightning on Tuwatawata ( a Rua koha) increase rainfall around it?
4. Do the aerosols given off by rainforests increase precipitaion (rainfall)?

5. How much of the water falling evaporates again before it reaches the river?
6. Does water run off more quickly into rivers native forests or farmland?

7. What is the quality of water running off and the topsoil erosion in each?
Some things here we can measure, others we must observe

Coaching Scrum 2   Water State Energy Change Study 

A science /  maths class exercise to prepare for further work later

We know from coaching Scrum 1  how many tonnes of water fall in rain .   It takes energy (heat) to change water from the solid state (ice) to the liquid state (water)  and then to the gaseous state (vapour).  For rain, hail or snow to fall over the catchment the water vapour in the air (evaporated by the suns energy and wind) must lose  this heat energy somehow.    This experiment is to try to find out approximately how much energy is required when one litre (one kilogram) of water changes state from solid to liquid,  then from liquid to gas This energy is called latent heat - more about it here on Wiki
This process works in reverse too – heat energy is given back when we go from gas  to water to ice.  (That is why steam causes very bad burns when it condenses on our colder skin and heats it up rapidly to around 100 degrees)
This experiment uses boiling water, so work very carefully and know what you will do if anyone gets a burn. 

1. Find a 1.5 litre electric jug that has a transparent side with 1 litre and 1.5lire level marks. 
2. Fill with water to 1 litre then add  0.5 Kg of  crushed ice.
3. Connect this to the power via the clip on ammeter so we can measure 
the current flow.  Don’t switch on yet.  The mains voltage is 230 volts so the power consumed by the jug will  be calulated as :

Power (Watts) = Voltage ( 230 v) x Current in Amps 

(double check this on the label on the bottom of the jug)

4. The Energy used is measured in Joules or  kilowatthours  (kWh)
1 Joule is the energy consumed by one watt in one second

1 kiloWatthour is the energy used by one kilowatt in 1 hour

Later we will calculate how much energy the jug element gives out every minute

    power voltage  = 230 volts

x   jug current     =           A amps

Jug power                                   =           W watts 

x   60 seconds





Heat energy per minute              =           J    joules







or  /  1000           =
     J    kilojoules

Note:   If the jug is 2 Kilowatt expect an answer of around 120 Joules per minute)
5. Bluetack the probe of the Picaxe dual temperature logger to the jug around the 1 litre level   (or use a thermometer that goes to 1000C)
6. Use masking tape to hold the jug power switch on 

7. Put a tin of cold water above the steam spout so the steam condenses and falls to the ground like rain into a bucket 
8. Get ready to record the current, and temperature every minute 
9. Add 0.5 Kg of crushed ice
10. Turn on the mains power switch and record the jug current.
11. Carefully use a stirrer to keep the ice and water moving and mixed 
12. Take a note of how many minutes it took to melt all the ice and the water level then.  Note how the temperature changes over the time 
13. We have melted 0.5 kilograms of ice in t minutes, so

14. Calculate  latent heat of the fusion ( melting)  for 1 kilogtram

Note  It should be around 334 kiloJoules per kg
15. Watch the temperature to find out roughly how long it takes for the water ( 1.5 litres to reach boiling point (100 degrees C)
16. Calculate the specific heat of 1 kilogram of water

Note 1. It should be around 4.186  kiloJoules per kg per degreeC

Note 2.  1 calorie is the energy to raise a cm3 (ml) of water 1oC

17.  Notice the steam vapour moving upwards and the water downwards

18. Leave the jug on and watch it carefully (until to boils all the water out as steam and the water level returns to 1 litre.  Note how long this takes
19. Calculate latent heat of evaporation (boiling)
Note  It should be around 2260 kiloJoules per kg

20. Turn off the jug and remove the masking tape on the switch
21. Plot the temperature on a graph against time in minutes.

22. Compare this with the graph here
Reflective Questions:
1. How does this relate to water cycle mass flows above our catchment?

2. How does this relate to vapour / liquid volume flows

3. How does this relate to energy flows

4. Coaching Scrum 3:  Mass and Energy flow in the Catchment 
Now what does this mean for us in Whirinaki?

Every tonne of rain falling on the Whirinaki catchment requires that it must move from the vapour to the liquid state  requiring an energy of  2260 kiloJoules per kg



= 2260,000,000 Joules per tonne   (I Joule of energy  = 1 Watt  for 1 second)



= 2260, 000,000 Watt sec   = 2260 Mwatt secs


( note the Huntly Power Station is around 1000 Mwatt)

Multiply this with the average number of tonnes per second of rainfall in the catchment last month (Coaching Scrum 1 above) to see how much energy flows in Whirinaki. 

Considering rainflow as an average per month is confusing  because rain falls in dumps.

Here was  our first attempt to get  the catchment watercyle mass and energy flows in Whirinaki for  October 2010.   With the weather station and river logging stations we can now see hour by hour how much rain falls, how much water is stored in the catchment and how long it takes for that to influence river flows at the measured points .

Progress Log

Sep 2010 onwards
-  First attempt to calculate  water balance in catchment 
Oct 2011  - River flow logging stations trialled on Te Whaiti and Canyon bridges 

Nov 2011 - Ariane M Roberge a volunteer intern from Quebec (physics) helped        with the data capture and storage
Feb 2012 – Added plans for Coaching Scrums 1 and 2 
March 2012  - Finalise river Flow logging and data capture to Excel spreadsheets
March 7 2012 –  Did Coaching Scrum 1 and revision with both classes.

Intellectual Property:
This research program is carried out at our Kura to support broad student learning, longer term skill development and appropriate economic outcomes for our students  and community.

It is a local school Board of Trustees supported program that is carried out totally outside our standard Ministry of Education Funding streams.  It is project based learning and encourages “Systems thinking” that spans many NZ curriculum areas. 
A wide range of interested local and external parties have generously provided koha in the form of time, resources, information, publicity(and in some cases direct funding)  to be important contributors to this program.
Sharing is one of the values that our kura holds close.   That means that our learning is freely shared on the web with anyone else in the world who is interested in using it for educational and ongoing learning purposes.  
People anywhere who get benefit from this program are invited to acknowledge it with a koha  (in any form) that allows us to accelerate it.   
Our kura and community objective is to have our place respected internationally as a place of rich learning based on traditional indigenous Maori values and knowledge 

All intellectual property generated by this program is protected under the provisions of  The United Nations Declaration on the Rights of Indigenous people and The Treaty of Waitangi (1840)

All intellectual property is assigned to remain for all time at the Place Te Whaiti Nui-a-Toi. Guarded by all future children’s of this place.

 © www.tewhaiti-nui-a-toi.maori.nz 
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