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Abstract

This paper explains the process of calibrating a model predicting temperatures of a sunroom in Oberlin, Ohio. The model was calibrated using March 2007 actual temperatures and later validated by using actual April 2007 temperatures. Originally, the difference between the actual and predicted sunroom air temperatures was -30 to +35 degrees F. After calibration, these differences were reduced to -23 to +13 degrees F. This was achieved by increasing the diurnal heat capacity of the slab and altering variables affecting solar gain flows. [It would be appropriate to include more context.  What was the purpose of the original model?  Why was it important to calibrate the model?  What conclusions (in addition to the role of heat capacity) can you draw from this experience?  The abstract should include these.]
Introduction/Background
The Adam Joseph Lewis Center (AJLC) Annex is a renovated 19th century home located at 132 Elm Street in Oberlin, Ohio. It houses college offices and Professor John Petersen's lab. The home was renovated to include environmentally sustainable features such as, a composting toilet, energy efficient double-paned windows, and cellulose as a recycled and environmentally friendly insulation.  The south-facing porch of the building was turned into a sunroom for mainly horticultural uses.   For more details on this renovation project, see Petersen and Fernandez-Gonzalez (unpublished). 
            Solar greenhouse or sunroom design strategies vary depending climate and latitudes. An attached greenhouse can either be built as a heater for the house or a place for growing plants year-round; the design strategies vary depending on the purpose of the greenhouse. In both cases, we want the greenhouse to have net heat gain from solar radiation; it is more difficult in winter months in northern latitudes.
In order to evaluate the sunroom in the Annex, a model was developed by John Petersen and Alfredo Fernandez-Gonzalez to predict the temperatures of the sunroom given the properties of materials used, including window attributes, infiltration, and the heat storage capacity of the thermal mass (the concrete floor). The model provides a chance for modeling students to explore the variety of building characteristics that go into creating an efficient sunroom.  
Since its completion, actual sunroom temperature data has been collected from the sunroom via 6 temperature sensors. It is therefore now possible to test the model by seeing how well temperatures were predicted. It is the goal of this project to calibrate the model to better predict actual temperatures in winter months. This was accomplished [past tense seems appropriate since you are done] by looking for factors that might have been left out of the original model. In addition, some values will be tampered with to better reflect what is actually occurring in the sunroom. [typically calibration emphasizes varying coefficient values first and left out factors second] Once the model was calibrated, the model was validated with April 2007 data.

This model can be easily applied by greenhouse designers and homeowners to other sunrooms in similar climates by changing the “Physical Characteristics of the Sunroom” variables in the model. These users can play around with the materials used in order to find a combination where heat loss is less than solar heat gain, which will save money by reducing the need for auxiliary heat.
There is a plethora of research regarding the thermal storage and other properties of greenhouse materials, but from our search, there doesn’t seem to be too many case studies similar to the project we’ve completed [can you be more specific in terms of what you actually found?  Are there examples of cases in which the diurnal variability of sunrooms has been explored with simulation models?]. We are uncertain regarding why this is the case. However, Balcomb (1982) explains that using validated mathematical models to represent performance of passive solar buildings is widely accepted. Several helpful sources exist explaining the basics of passive solar heating, but Mazria’s (1979) book is especially comprehensive. Harper (2006) explains the various kinds of greenhouses and factors affecting their performance. 
[Emphasis in intro should be on calibration.  Frame this in terms of the gap in knowledge that you are trying to fill – the model has been created, but we don’t yet know how well it captures real dynamics.  Your goal was to fill this gap in knowledge through calibration.  You say this, but intro should be organized to focus on this as the problem that you will solve]
Methods/approach
There are two main stocks in this model, which were the focus of our calibration. “Sunroom Air Temperature” and “Slab Temperature” measure the temperature of the air in the sunroom and the temperature of the upper portion of the concrete slab, respectively. Both air and slab have a “Diurnal Heat Capacity,” calculated from the materials of which each is comprised. The diurnal heat capacity (DHC) denotes the ability to store heat and the ease of heat flow into and out of a stock [hmm, “ease of flow” is not actually parameterized in DHC – the ease of flow is captured in the U (or R) term for slab to air exchange. It is the combination of DHC and U that affects the damping affect on temperature that you describe]. A high DHC, as is the case for the concrete slab, indicates high heat storage capabilities, and as a result temperature changes are dampened [temperature changes in what? in the floor, in the room air?  Be clear]. A low DHC, as is the case for the sunroom air, indicates poor heat storage and more extreme temperature fluctuations. This sunroom is designed so that the air temperature, because it is less able to store heat, will be dambed by the high-DHC slab over the course of the night.

Four major flows alter each of these stocks. First, “Solar Gain to Air” and “Solar Gain to Slab” converts measured sunlight into gained heat. A light sensor on top of the Adam Joseph Lewis Center measures irradiance perpendicular to a south-facing vertical surface, which is the forcing function in the solar gain flows. The amount of sunlight that converts into heat is affected by additional converters: “South wall window area;” “South shading,” which gives a percentage amount of sunlight that is incident on the windows after taking potential shading due to buildings and trees into account; and “Pct solar to air” and “Pct solar to slab,” which determine the fraction of sunlight that goes to heating the air and that goes to heating the slab. To achieve greater realism, we also added a converter, “SHGC” or Solar Heat Gain Coefficient, which reduces the amount of sunlight that is converted into heat by accounting for absorption and re-radiation of sunlight by the windows. [As we discussed, the effects of SHGC were already parameterized into the shading coefficient. So what you are adding is not really realism – mathematically it makes no difference whether you multiply by one constant or by two constants that have the same product as one constant.  So what you are adding is an increased degree of differentiation between causal factors.] 
The second major flow is a gradient based exchange between inside and outside temperature. This flow is labeled “Gradient Based Exchange” for the sunroom air stock and “Exchange Slab to Outside” for the slab stock. The gradient based exchange between the inside and outside air temperature is determined by “Q Gradient,” a converter that accounts for all the factors, including outside air temperature, the U value of the windows, the R value of the wall, and potential losses due to ventilation and infiltration (cracks in the sunroom wall), that would affect the exchange. The exchange between the slab and the outside is derived solely from the outside temperature and “UA Slab to exterior,” a converter representing the insulation between the slab and the outside.

The third major flow drives internal dynamics as an exchange of temperature between the sunroom air and the slab temperature stocks. This flow is labeled “Exchange with Slab” and “Exchange with Slab 2” out of the sunroom air and slab stocks, respectively. This exchange is mainly mediated by existing room and slab temperature and the DHC of the room and the slab. This is another gradient equation, and the rate of flow can be subject to mechansms that affect the effective DHC and U (R), for example by adding fans to the sunroom to blow air through concrete holes in the slab, effectively increasing DHC.

The final flow into the slab is “Auxiliary Heating,” which can be switched on or off in the model. The heating was turned on in early April, during our validation data, and we turned the heater on and off in the model to mimic the way the room was actually managed. The slab is heated by hot water, which runs through a tube in the slab and heats it whenever the room temperature is less than 68 degrees Fahrenheit. The last major flow into the sunroom air temperature is “Internal Gain to Air,” which adds heat to the sunroom generated by either occupants or electrical appliances in the room. This flow played a relatively minor role in our calibration of the model.

Other sections of the model include: a section that calculates “Q Gradient,” physical characteristics of both the sunroom and the slab, and forcing functions for light and temperature. The two main sections we focused on outside of the major stocks and flows were: forcing functions, which we altered to calibrate for March and April using data collected from temperature and light sensors at the Lewis Center; and “Floor Slab Thermal Mass.” Forcing data is converted within the model from degrees Celsius to degrees Fahrenheit and from W/m^2 to BTU/ft^2/hr for temperature and light, respectively.

We added a “Passive Storage Enhancement, Depth of Slab” converted to the slab characteristics to alter the DHC of the slab by effectively increasing the volume of the slab that was taken to be interacting with the sunroom. Rather than modeling the interaction of the first few centimeters of slab with the sunroom, we altered the model so it measured the temperature of the first few feet of slab [The rule of thumb from Balcomb is that the first 6 inches matter and deeper areas do not.  I think the argument you should probably be making here is that they physical construction of the floor – with the air tubes in the floor – makes this greenhouse function differently from Balcomb’s rule]. This makes realistic sense both because the interaction between the sunroom air and slab temperatures is subject to empirical analysis [not clear on how this logically follows] and because the temperature sensors in the slab are deeper than just a few centimeters, meaning they are measuring the temperature at a significant depth within the slab.  [What do you see as the relationship between “active storage enhancement” and “passive storage enhancement”]
To assess the success of calibration, we added another section to the model, “Actual Data.” There are six temperature sensors in the sunroom, two measuring the air temperature, and four measuring the slab temperature at different depths within the slab. For the air temperature, we averaged upper and lower temperature sensors, one near the floor and the other near the ceiling, to determine “Actual Sunroom Air Temperature.” [makes sense]. For the slab, we initially averaged the top and bottom temperature sensors, but later decided just to use “Upper Slab Temperature” to determine “Actual Slab Temperature.” [Explain why you decided to do this.  See extensive comment at close about passive storage enhancement] We assessed the effectiveness of the model at predicting air and slab temperatures with a “Difference” converter, which merely calculated the difference in Fahrenheit between predicted and actual temperatures. We attempted to minimize this difference in calibration.

We first ran the model using March 2007 forcing data for light and temperature without changing any of the initial values. Following this initial run, we chose to use “Upper Slab Temperature,” as mentioned before, for calibration purposes because the predicted slab temperature most closely resembles the upper slab temperature. We also experimented with the model by using “Actual Slab Temperature” as forcing data to predict “Sunroom Air Temperature,” and we found that when we used the actual slab temperature as a forcing function the simulated air temperature was very close to the actual air temperature.  From this, we concluded that the component of the model focused on air temperature was already essentially calibrated and that overall model calibration would be achieved by focusing on the calibration of the slab temperature, because sunroom air temperature would be accurately predicted by a well-calibrated slab. [What you decided to do here is very clever and is also a common approach to calibration – calibrate individual components with forcing data and then link them to simulate interactivity]
In calibrating the slab, we focused on altering converters in a way that would maximize accuracy and realism [see earlier comment about realism.  I don’t think this is the right word to be using here]. To the end of realism, we created our “SHGC” converter to most accurately represent solar heat gain dynamics [you are loosely using the words accuracy and realism which have quite precise definitions]. To the end of accuracy, we first created random [I don’t think you mean random here.  “Random” implies chance and variability.  I think “non-mechanistic adjustment coefficients” is probably closer to your intended meaning] coefficients to adjust the flows into and out of the slab, such as “Decrease exchange with room” and “Decrease solar gain.” By altering the values of these converters, we determined the best leverage points within the model. [This is also an excellent approach – your intuitively figured out key approaches to model calibration.]
From the results of our early tweaking [fine to use this orally, but best to avoid words like this in your writing], we decided to focus on alterations to the model of the physical characteristics of the slab, specifically the DHC, and to the “Solar Gain” flows, which affect both the air and the slab temperature. We conducted sensitivity analysis on the converters that we could most realistically alter: “Passive Storage Enhancement, Depth of Slab,” “Pct Solar to Air”/“Pct Solar to Slab,” “South Shading,” and “SHGC.” We only altered these converters to calibrate the model.

Following a successful calibration, we validated the model with April data for the sunroom. For the first five days of April, auxiliary heating was turned off in the sunroom, and for the rest of the month, auxiliary heating was turned on. It is unclear exactly when the heater was turned on April 6th, so we decided to avoid this day for validating the model.  During the period of April 7th to April 30th the heater was turned on and the thermostat setting was 68o F. Accordingly, we divided calibration into two sections; during the first, we validated the model for the first part of April with the heater switch at “off,” and during the second we validated the model for the second part of April with the heater switch at “on.” 
Results
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These graphs are not really visible.  The reader  can’t see the lines, the labels or the numbers. 
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Sunroom Temperature Predicted by Empirical Slab Temperature
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These are the initial graphs of uncalibrated data. We determined that we needed to focus on calibrating slab data after observing how well actual slab temperature predicted sunroom air temperature. 

Calibration:
	Coefficient Name
	Initial Value
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Final Value

	Number human occupants
	1
	0

	South shading
	0.7
	0.8

	Pct solar to air
	0.5
	0.65

	Pct solar to slab
	0.5
	0.35

	SHGC (Solar Heat Gain Coefficient)
	N/A
	0.7

	Passive Storage Enhancement, Depth of Slab
	N/A
	3
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April 1-5: Slab temperature with the heater off

Page 1

0.00 29.75 59.50 89.25 119.00

Hours

1:

1:

1:

2:

2:

2:

13

79

145

1: Slab Temperature 2: Actual Upper Slab Temp TC03 in degrees F

1

1

1

1

2

2

2

2

[image: image9.emf]4:44 PM   Sun, May 06, 2007

April 1-5: Sunroom temperature with the heater off
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Slab temperature (deg F) in April 7-30 with the heater on
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Sunroom temperature (deg F) in April 7-30 with the heater on
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In calibrating this model, we maximized accuracy while retaining realism. To do this, we made only small changes to coefficient values, and our final calibration minimized the difference range between predicted and actual temperatures.
 [one of the irksome problems in interpreting the “difference range” graph  is that it appears that large differences sometimes have more to do with relatively small differences in the timing of peaks rather than actual differences in the peaks.  One way to factor this difference in timing out would be to apply a “smooth” function to both the model data and the calibration data and then to compare the smoothed data.  You can think of the smoothing as averaging over several time points.  Worth tyring anyway]
Validation:

When the heater is turned off, the actual temperature of the slab varies within only -1 to 9 oF of the actual upper slab temperature, and that of the sunroom varies within -4 to 16 oF of the actual average room temperature.  Please see the figures below.
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When the heater is turned on during April 7-30, it prevents the sunroom temperature from going below 68o F.  The validation result is that the actual temperature of the slab varies within 0-18 oF of the actual upper slab temperature, and that of the sunroom varies within only -5 to 7 oF of the actual average room temperature.  See the figures below.  It should be noted that we have not calibrated the heater part of the model.  To run the model for this period, we simply turned the heater on in the interface layer.






Discussion / Conclusion
By looking at the graphs we can clearly identify that the door between the sunroom and the rest of the house was open.  It happened on April 22nd (Earth Day!) for about 60 hours (approximately on the 366th hour since April 7th until the 426th hour).  During this time, the sunroom was hotter than the rest of the house, and therefore a significant portion of the thermal energy escaped from the sunroom to the house.  Consequently the slab had a lower heat exchange with the sunroom with a time lag, because the slab stores the heat slowly during the day and releases it slowly at night.  We can see this effect of lower slab temperature on the graph during the 369th to 452th hour.  

Take home points:

Among many calibrating trial and errors, the most important features we learned from this project are the following:

· If the predicted temperature of the sunroom varies significantly from the actual average sunroom temperature, one should run the model using data from different temperature sensors (eg. the actual upper slab temperature, the average of the top two slab temperatures, or the average of all four slab temperatures). By running these graphs, we can find out which reading is most accurately predicting the slab temperature.  In our case, the upper slab was the best predictor.  

· If the predicted slab temperature oscillates more than the actual slab temperature, increase the dampening variables in the model. In our case we realized we needed to increase the diurnal heat capacity of the slab to account for a greater volume of thermal mass interacting with the sunroom. We increased the DHC by adding a ‘passive storage enhancement’ coefficient. The tube running through the concrete slab is probably affecting the DHC of the slab [very important conclusion]. The heat exchange between the sunroom and the thermal mass can be decreased as well. 
· There may not be a significant heat gain through the east and west vertical windows [intuitively we know that east is not going to gain since it is adjacent to a covered porch!].  In this sunroom, there is no east gain, but some sunlight comes in through the west windows.  Therefore we tried putting in a west component of heat gain to the sunroom and the slab, but the main problem was that we did not have the actual amount of radiation on the west side on a vertical surface. Perhaps that is why this added component did not show a significant improvement to the model.  Therefore for the sake of simplicity, we decided to ignore the west heat gain. [good]
Future Research:

We can further research the performance of the sunroom model by adding or modifying the following components: (1) Adding a method to export heat from the sunroom to the rest of the house by using an external device such as a fan.  When the sunroom temperature is higher than the house temperature, we can open the north door and turn the fan on until the sunroom temperature gets lower than our desired house temperature. (2) It may be possible to increase heat flow into the slab from the sunroom air by using a fan that would blow hot air into the slab. (3) Plants in the sunroom should have an effect on the temperature of the sunroom and could therefore be added as a new component of the model.  (4) In order to make this model accessible to green designers and modelers who are designing or have already built a greenhouse or a sunroom, one can make a standard version of this model.  In this case, we should add east and west components for heat gain and loss as well as more variables if there are different types of thermal mass (such as a trombe wall, water wall or drums, or a rock bed).  The important variables are DHC, volume and position of each thermal mass. [Great idea, the big problem is that this model leaves out the very complicated dynamics that occur when you add glass that faces the sky – in this case radiation becomes much more complex] (5) To further improve the sunroom we can add a south overhang for summer shading, reflectors outside the sunroom on the south side on the ground to redirect more sunlight into the sunroom, or thermal quilt on windows, etc [as currently configured, the model completely ignores light that is not normal to the windows – you would need to do something different to incorporate the overhang effects].
In general the current calibrated model exhibits a much better prediction of the sunroom performance than the prediction we started with before we calibrated the model. The end. 
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Appendix 1: Equations and Coefficients

For the sake of brevity, we will only include equations and coefficients in the “Primary Stocks and Flows” section or that we altered or added. These equations are all for the March calibration STELLA model. In the April models, some initial values (initial Sunroom and initial Slab temperatures) might be different.
“Primary Stocks and Flows”:

 Slab_Temperature(t) = Slab_Temperature(t - dt) + (Exchange_With_Slab_2 + Solar_Gain_To_Slab + Auxiliary_Heating - Exchange_Slab_To_Outside) * dt

INIT Slab_Temperature = 60.26 {degrees F}

INFLOWS:

Exchange_With_Slab_2 = Q_From_Room_To_Slab/Diurnal_Heat_Capacity_Slab {F/hr}

Solar_Gain_To_Slab = (Pct_solar_to_slab * Q_Solar_total)/Diurnal_Heat_Capacity_Slab {degrees F/hr}

Auxiliary_Heating = IF(SunRoom_Air_Temperature<Thermostat_Setpoint) THEN

Heater_On\Off_Switch*Heater_Output/Diurnal_Heat_Capacity_Slab

ELSE 0

{degrees F/hr}

OUTFLOWS:

Exchange_Slab_To_Outside = (Slab_Temperature-T_Outside)*UA_Slab_to_exterior/Diurnal_Heat_Capacity_Slab {degrees F/hr}

SunRoom_Air_Temperature(t) = SunRoom_Air_Temperature(t - dt) + (Internal_Gain_to_Air + Solar_Gain_To_Air - Gradient_Based_Exchange - Exchange_With_Slab) * dt

INIT SunRoom_Air_Temperature = 54.6 {degrees F}

INFLOWS:

Internal_Gain_to_Air = Q_Internal/Diurnal_Heat_Capacity_Room {degrees F/hr}

Solar_Gain_To_Air = (Pct_solar_to_air * Q_Solar_total)/Diurnal_Heat_Capacity_Room

{degrees F/hr}

OUTFLOWS:

Gradient_Based_Exchange = Q_Gradient_Total/Diurnal_Heat_Capacity_Room {F/hr}

Exchange_With_Slab = Q_From_Room_To_Slab/Diurnal_Heat_Capacity_Room {degrees F/hr}

Daily_internal_heat_gain = 833 {BTU/person/hr}

Heater_On\Off_Switch = 0 {1 = Heat ON, 0 = heat OFF}

Heater_Output = 10000 {BTU/hr}

Number_human_occupants = 0 {people}

Pct_solar_to_air = 0.65 {dimensionless}

Pct_solar_to_slab = (1 - Pct_solar_to_air) {dimensionless}

Q_From_Room_To_Slab = (SunRoom_Air_Temperature-Slab_Temperature)*UA_room_to_slab {BTU/hr}

Q_Internal = Number_human_occupants*Daily_internal_heat_gain {BTU/hr}

Q_solar_south = Radiation_Vertical*South_shading*South_wall_window_Area*SHGC {BTU/h}

Q_Solar_total = Q_solar_south {BTU/h}

SHGC = 0.7 {dimensionless}

South_shading = 0.8 {dimensionless fraction}

Thermostat_Setpoint = 68 {°F}
“Forcing Functions, Forcing Data”:

We added forcing data in the following converters:

Measured_Light_normal_to_Vertical_Surface_in_W\m2_March_07 = GRAPH(TIME)

Measured_Outside_Temperature_in_C = GRAPH(TIME)

MeasuredLight_normal_to_Horizontal_Surface_in_W\m2_March_07 = GRAPH(TIME)
“Floor Slab Thermal Mass”:

We added:

Passive_Storage_Enhancement_Depth_of_slab = 4 {dimensionless}
Diurnal_Heat_Capacity_Slab = Active_Storage_Enhancement*Floor_Area*Unit_DHC_concrete*Passive_Storage_Enhancement_Depth_of_slab {BTU/F}

“Actual Data”:

Actual_Average_Room_Temp_in_degrees_C = (Actual_Lower_Room_TC02+Actual_Upper_Room_TC01)/2 {degrees C}

Actual_Average_Room_Temp_in_degrees_F = (9/5)*Actual_Average_Room_Temp_in_degrees_C+32 {degrees F}

Actual_Average_Slab_Temp_in_degrees_C = (Actual_Lower_Slab_Temp_TC_06+Actual_Upper_Slab_Temp_TC03)/2 {degrees C}

Actual_Average_Slab_Temp_in_degrees_F = (9/5)*Actual_Average_Slab_Temp_in_degrees_C+32 {degrees F}

Actual_Lower_Slab_Temp_TC06_in_degrees_F = Actual_Lower_Slab_Temp_TC_06*(9/5)+32 {degreesF}

Actual_Upper_Slab_Temp_TC03_in_degrees_F = Actual_Upper_Slab_Temp_TC03*(9/5)+32 {degreesF}

Difference_Room = SunRoom_Air_Temperature-Actual_Average_Room_Temp_in_degrees_F {degrees F}

Difference_Slab = Slab_Temperature-Actual_Upper_Slab_Temp_TC03_in_degrees_F {degrees F}

Actual_Lower_Room_TC02 = GRAPH(TIME {degrees C})

Actual_Lower_Slab_Temp_TC_06 = GRAPH(TIME {degrees C})

Actual_Upper_Room_TC01 = GRAPH(TIME {degrees C})

Actual_Upper_Slab_Temp_TC03 = GRAPH(TIME {degrees C})
Appendix 2: Division of Labor
We divided up the work on this model equitably. We all met together every time we did any major work on the model, and we worked together on the paper and presentation, as well. While we divided up tasks amongst ourselves, we all spent a minimal amount of time working separately—mostly we were at adjacent computers.

We divided up certain tasks, such as data collection (Kristin), looking into sunlight incident on west-facing windows (Samina), and background research (Lora). We also divided up powerpoint and paper sections, but we integrated and edited the presentation and the paper as an ecologically steady-state systemic unit.
Grading Criteria

E.2)  Research model: Documentation and summary report (3-5 pgs)

Documentation is written in the form of a brief scientific paper.  I recommend that you look in the orange notebook of modeling papers on reserve in the Science Library for a sense of how to structure your report.  Include the following sections in your report:

· Abstract: One paragraph summarizes objectives, approach, findings and conclusions. [See comments – your abstract does no really accomplish these goals.]
· Introduction: Provides sufficient, well researched, background on the topic for the intended audience.  Reviews relevant literature and includes appropriate citations. Clearly states objectives/questions/hypotheses of project and describes why the subject is worthy of study, and why modeling provides a useful approach. At least implicitly identifies audience. See comments
· Methods/approach: Describes the dynamic simulation modeling approach as it relates to your research. Describes the structure of your model. Explains choice of state variables. Explains equation formulations [e.g. "we used a multiplicative Michaelis-Menton type equation to describe the growth of the pond weed Elodea sp. as a function of nitrogen concentration and light intensity (Madden et al., 1998)"]. Describes how you calibrated and "validated" your model (if applicable). Describes simulation scenarios used. OK
· Results: Includes graphs of STELLA output. Describes and explains your results and findings. [graphs are too small to see]
· Discussion/conclusions: Interprets the significance of your work. Points towards future potential work of interest and new questions raised.  Be certain that all figures have text legends and that the x and y-axes on all graphs are clearly labeled with units.  Nice job
· Literature cited: Cite at least three sources.  Uses literature cited format of American Naturalist.  OK
· Figure legends: these are blocks of text that describe figures in sufficient detail that someone can interpret without reading (this is different from internal legends). Be sure to number both figures and figure legend. [unfortunately text boxes are quite problematic when track changes is used – they migrate.  I wil hav eto tell people to avoid using these in the future.]
· Appendices: One appendix includes equations and coefficients. A second describes the separate role of each group member in developing and implementing the project. ok
Samina, Kristin, and Laura:

You have done a really exceptional job in calibrating this model and have well exceeded my expectations and hopes for what you might accomplish and learn in the process.  Please see the detailed comments throughout your text above.  There are lots of ways that this report could have been improved, but your efforts and accomplishments outweigh these negatives.  
Your conclusions regarding the heat storage capacity of the slab are particularly interesting.   It seems to me that if you are assuming that the DHC is larger than initially predicted, it would then make a great deal of sense to look at the temperature gradient between the sensors in the slab to validate this assumption.  For example, if the temperature at the deepest temperature sensor is relatively constant, this would suggest that, at this depth of the slab, thermal mass is not very effective.  On the other hand, if you see variability below 6”, this would suggest that Balcomb’s rule is not true in this case and your assumptions about enhanced storage are correct.  So the difference in temperature at these different levels can really tell you quite a bit about what is legitimate to assume with this variable and what is not.  I would suggest graphing the gradient (temperature vs. depth in the slab) for all of the sensors at times when the gradient is steepest.  If temperature achieves an asymptote at some depth, then this is the effective depth of the DHC.  All of this may end up being complicated by the fact that there are essentially two exchange surfaces – the one at the surface of the floor, and then the exchange surface associated with the tubes of air that go through the cinderblocks.  
Oral presentation: 
Presentation was good, but would have benefited from additional practice. For example, Laura was not quite as confidence as she might have been during the introduction – this may be a function of confidence speaking, but practice can often be used to overcome this.  Excellent job answering questions by all.

Figure 2 (above): Initial predicted and actual slab temperatures. As in the previous Figure, this uses March 2007 data. This compares predicted slab temperature with “Actual Upper Slab Temperature,” measured by the single, upper temperature sensor in the slab, and “Actual Average Slab Temperature,” the average of the upper and lower temperature sensors in the slab. The difference ranges from: -23 to +57 degrees Fahrenheit.





Figure 1 (above): Initial predicted and actual sunroom temperatures. This is the result of importing forcing March 2007 data and comparing predicted sunroom air temperature with actual sunroom air temperature. The difference between the two ranged from: -30 to +35 degrees Fahrenheit.





Figure 3 (left): Predicted and actual sunroom temperatures, using actual slab temperature as forcing. This is the result of plugging in measured “Upper Slab Temperature” as a forcing function in the initial, uncalibrated model and comparing predicted sunroom air temperature with actual sunroom air temperature. The difference ranges from -27 to +10 degrees Fahrenheit. 





Table 1 (left): Coefficients altered and added in calibration. This is a list of all of the initial and final coefficient values that we changed or added to the model in order to calibrate it. Coefficients without an “Initial Value” were added to the model. The “Final Values” were retained throughout calibration and validation.





Figure 4 (above): Calibrated predicted and actual sunroom temperatures (March 2007). 





Figure 6 (above): Calibrated predicted and actual slab temperatures (March 2007). 





Figure 5 (above): Difference range for predicted and actual sunroom temperatures. This is a graph of Predicted – Actual Sunroom Air Temperature for March 2007. We used this as a measure of the effectiveness of our calibration. Range: -25 to +24 degrees Fahrenheit.





Figure 7 (above): Difference range for predicted and actual slab temperatures. This is a graph of Predicted – Actual Slab Temperature for March 2007. We used this as a measure of the effectiveness of our calibration. Range: -23 to +13 degrees Fahrenheit.





Figure 9 (above): Difference range for predicted and actual slab temperatures. This is a graph of Predicted – Actual Slab Temperature for April 1-5, 2007. Range: -1 to +9 degrees Fahrenheit.





Figure 8 (above): Validation part 1: Slab temperature (oF) with the heater off in April 1st to 5th, 2007





Figure 11 (above): Difference range for predicted and actual sunroom temperatures. This is a graph of Predicted – Actual Sunroom Temperature for April 1-5, 2007. Range: -4 to +16 degrees Fahrenheit.





Figure 10 (above): Validation part 1: Sunroom temperature (oF) with the heater off in April 1st to 5th, 2007





Figure 13 (above): Difference range for predicted and actual slab temperatures. This is a graph of Predicted – Actual Slab Temperature for April 7-30, 2007. Range: 0 to +18 degrees Fahrenheit.





Figure 12 (above): Validation part 2: Slab temperature (oF) with the heater on in April 7th to 30th, 2007





Figure 13 (above): Difference range for predicted and actual sunroom temperatures. This is a graph of Predicted – Actual Sunroom Temperature for April 7-30, 2007. Range: -5 to +7 degrees Fahrenheit.





Figure 14 (above): Validation part 2: Sunroom temperature (oF) with the heater on in April 7th to 30th, 2007





Figure 11 (above): Difference range for predicted and actual sunroom temperatures. This is a graph of Predicted – Actual Sunroom Temperature for April 1-5, 2007. Range: -4 to +16 degrees Fahrenheit.








