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Executive Summary 
 
The purpose of this report is: 
 

• to provide information and analysis to facilitate the MMWD moving forward towards 
securing a resilient 4-year water supply; and  
 

• to clarify misinformation regarding the MMWD climate, housing situation, and 
prospective demographic growth.   

 
Climate 
Our current consensus is that Climate Change caused rapid and unpredictable shift in our local 
rainfall.  And, the latter resulted in the MMWD potentially running out of water within 12 
months back in April of 2021.   
 
The actual historical data (1951 – 2021) does not support our mindset as victims of Climate 
Change.  Marin County (Lake Lagunitas) gets a heck of a lot more rain than any other region 
nearby.  In average, it gets over twice as much rain as San Francisco.  And, even in its driest year 
over that period (20.66 inches), Marin County gets more rain than San Francisco’s average of 
19.34 inches.  
 

  
Source: Marin – MMWD, San Francisco – NOAA 
 
The reason Marin County (Lake Lagunitas) gets so much more rain is because of Mt. Tam.  The 
latter is truly a water generation factory.  We Marinites are privileged to live within Mt. Tam 
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orographic rainfall footprint1.  If not for Mt. Tam, Marin County would most probably have a 
very similar rainfall to San Francisco (averaging 19 inches per year!).  And, instead of MMWD 
being able to support a customer base of 192,500 during average rainfall, it would struggle to 
support any because the bit of rainfall runoff would just cover reservoir evaporation (both 
around 5,000 AFY), and the purchased water from Sonoma would just cover fisheries stream 
release (both around 11,000 AF).  In other words, with its existing MMWD water infrastructure, 
the MMWD could not support any customer base at all if not for Mt. Tam!      
 
Even though San Francisco does not benefit at all from Mt. Tam’s orographic effect, it is not 
mandated to follow severe water conservation efforts (besides any State level measures).  
Meanwhile, MMWD customers experience chronic water conservation as the main strategy to 
get by until the next rainy season.  The difference is that MMWD does not have an adequate 
water supply infrastructure to support its 192,500 customers during below average rainfall 
periods, meanwhile San Francisco does2.  
 
Climate Change is real.  But you have to understand it at a granular level.  Over the recent past, 
Marin County’s temperature has slowly risen.  Yet, our rainfall level is a lot higher over the 1951 
– 2021 period than it was from 1917 – 1950.   
 

 
Source: MMWD 
 
In view of the above, there is nothing getting worse in terms of our rainfall due to Climate 
Change.  We are getting a lot more rain during the 1951 – 2021 period than during the dry 
period from 1917 – 1950.  Also, our rainfall pattern is not any more volatile than in the past3.  
 

 
1 The orographic effect denotes mountains causing rain by forcing cloud-air to rise at higher altitude.  As cloud-air 
rises, it can carry less humidity.  So, humidity condenses and results into rain.   
2 The vast majority of cities and their suburbs could not survive on the rainfall footprint within their respective 
urban area.  They must depend a great deal on water supply infrastructure that connects such urban areas to 
distant damns, reservoirs, etc.  In other words, San Francisco’s situation on relying mainly on water supply 
infrastructure is most common.  It is more like Marin County is the outlier in attempting to survive mainly on 
rainfall within its footprint.   
3 The higher the rainfall, the higher its corresponding standard deviation.  That’s how the math works.  But, if you 
scale that by dividing the standard deviation by the average, you get a coefficient of variation.  And, for the three 
different periods, this coefficient of variation is pretty steady within a narrow range from 0.32 to 0.36.  This 
indicates that the volatility in the data has remained fairly constant throughout the entire history going back to 
1888.  
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According to the NOAA4 projections, our Marin County climate will continue experiencing a 
slow rise in temperature5.  And, our rainfall levels are expected to remain at the same level or 
actually increase a little bit.  So, our vision of Marin County becoming an arid parched land is 
not supported by the historical data.  And going forward, it is not supported by the NOAA 
Climate Change models. 
 
For additional data-driven support of every single statement made above regarding Climate 
Change please read the entire Climate Change section.     
 
 
Water resources 
 
Regarding the MMWD securing a 4-year water supply, it has formidable water resources to 
consider.  These include: 
 

1) Mount Tam.  As mentioned, the latter is a true water production factory.  It is why 
Marin County (Lake Lagunitas) registers over twice as much rain as San Francisco, that is 
just a few miles south.  Expanding reservoir capacity6 and water pumping capability 
would improve our water supply security;  
 

2) Pacific Ocean.  Yep, we are fortuitously located on the shore of the largest body of water 
on the planet.  Desalination is the obvious solution to shore up our water supply 
security.  This solution is controversial today.  It may be inevitable within 100 years or 
less7; 
 

3) Russian River.  This refers to the abundant winter water flows of 1.6 million acre feet.  
Only harnessing a small % of this flow would also shore up very much our water supply 
security8.   
 

Expanding water supply a bit at no cost and/or at a profit 
Additionally, from a water strategy standpoint, we have a few low hanging fruits that do not 
need any infrastructure undertaking.  These include:  
 

1) Buying more water from the Sonoma County Water Agency (SCWA).  The majority of the 
time, MMWD buys far less water than we have the capability and the contractual right 

 
4 National Oceanic and Atmospheric Administration. 
5 Depending on the emission scenario, such temperature increase is actually very flat.  
6 Simply detoxifying the existing Soulajule reservoir and connecting it to our water distribution grid would add 
6,000 AF to our reservoir storage capacity.   
7 I have often heard this statement.  If I recall, Jack Gibson, former Board member, stated that a few times in public 
forums.  I have also heard this statement mentioned at the global level by the multi-discipline scientist, Thomas 
Halliday, within his wonderful book: Otherlands.  
8 Jack Gibson, former MMWD Board member often referred to this opportunity as a solution to shoring up our 4-
year water supply.  
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of importing.  Buying water from SCWA at about $1,360 per acre feet and reselling to 
customers at over $2,500 is easy money.  That is instead of relying mainly on water 
conservation that impairs MMWD operating profitability9; and  
 

2) Managing more precisely our mandated fisheries water release.  Most often, we release 
a lot more water than mandated by the various environmental regulations10.  Over the 
2014 – 2021 period, in average MMWD released 1,176 AFY over regulatory mandates.    
 

How much extra water do we need to secure a 4-year water supply? About 8,000 to 
8,500 AFY 
To arrive at that figure, I constructed a 4-year rainfall history combining the dry water-years of 
1976, 1977, 2020, 2021.  I understand this is the same methodology that Jacobs Engineering 
used within their related simulation model.    
 

 
 
Next, I used the customer growth and gallons per customer per day (GPCD) assumptions from 
MMWD.  
 

 
 
I also assumed a generous 11,000 AFY for water stream release, a conservative 7,000 AFY 
purchased from Sonoma (SCWA), and an average evaporation of 4,700 AFY.    
 
Regarding reservoir levels, I assume they start from a full level at close to 80,000 AF but with 
only about 70,000 usable AF.  And, that over the 4 very dry years the reservoir levels drop to 
10,000 AF or 0 usable AF.  

 
9 A lot more on the subject within this report. 
10 A lot more on the subject within this report. 
 



 7 

 
And, the result was that the extra AFY needed peaked in 2030 at close to 8,500 AFY.  
 

  
 
I also explored different scenarios with SCWA water purchases ranging from 6,000 to 8,000 AFY.  
 

 
 
Next, I explored simultaneously different purchased SCWA water levels and water release levels 
associated with the year 2030 (peak demand).  
 

 
 
In the end, I feel that the sweet spot is around 8,000 to 8,500 AFY in extra supply to secure a 4-
year water supply.  This is convergent with Jacobs Engineering 7,500 to 8,500 AFY.    
 
Project selection 
 
Regarding project selection, the imperative is cost or $/AF.  As we know the MMWD financial 
condition is rather dire before even raising any of the very large bond issuance to finance the 
water supply projects.  Given that, it is critical to select the most cost effective projects.  
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Fortunately, when doing so these projects most often score reasonably well on all the other 
qualitative criteria.  
 
After studying all the projects, I came up with three very competitive options that would raise 
the adequate amount of water in the most cost effective manner.  I describe them in detail 
below.   
 

 
 
I added my own calculation of $/AF by disaggregating the cost of bond financing assuming 4.00 
% interest rate11 and a 40 year term.  Within such calculations, I disaggregate yearly principal 
repayment and interest costs.  These calculations are very straightforward.  JE does not disclose 
these costs.  And, it raises questions as to their own calculations of $/AF.  As shown, sometimes 
we are close12.  Other times, we are not.  
 
The projects full implementation timing estimates that I calculated are based on my using a 
conservative 70th percentile between the short and long range of the timing estimate.  For 
instance, if a timing ranged from 4 to 7 years, the 70th percentile comes in at 6.1 years.        
 

 
11 On December 15, 30 year Muni Bond AA yielded 3.80%.  And, 30 year Muni Bond A yielded 4.00%.  40 year term 
would probably yield about 20 basis points more.  This also raises the issue as what kind of bond rating MMWD will 
be able to get.  As is right now, MMWD before it shores up its financial condition would probably not earn an 
investment grade rating.   
12 The only reason we come up with the identical $/AF for the SM1 project is because JE does not disclose any 
capital costs and operation & maintenance costs.  Given that, it is unclear how they came up with a $/AF for this 
project.  With no input whatsoever to work with, I could not come up with a $/AF cost.  So, I had no choice but to 
use JE’s.  
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For further background regarding this project selection go to the relevant section at the very 
end of this report.    
 

Introduction 
This report is gathering information and analyses relevant to implementing a 4-year water 
supply.  Regarding internal MMWD, I am not always confident I gathered the most accurate 
information.  In view of that, I welcome feedback from the MMWD organization and other 
informed parties whenever my numbers or assumptions appear inaccurate13.  
 
Nevertheless, I am making my best effort to convey relevant analyses that will allow the 
MMWD to move forward towards planning and securing a 4-year water supply. 
 
Some of the analyses may recap and refine analyses I have shared before.  Within this report, I 
will cover the following topics:  
 

1) Climate;  
2) Housing;  
3) Demographics;  
4) How much water do we need to secure a 4-year water supply;  
5) Review and selection of water projects that would meet our water supply.    

 
Unlike in earlier analysis, I will postpone addressing how much we should increase our water 
rates and fees until the MMWD discloses its upcoming 2021 – 2022 Annual Report expected to 
be released in the near future.     

Climate perspective 
 
The Drought in the Western United States 
The US Drought Monitor map, shown below, depicts very broad based drought conditions 
throughout the West as of December 13, 2022 (a precise date in time).  Within The Economist 
“The World Ahead 2023”, in their article “A new low” on page 36, they state:  
 
“Across the American West, the landscape bears scars from the megadrought that has 
dehydrated the region for more than two decades… The current drought is the driest 22-year 
period the south-west has seen in 1,200 years, according to a paper in Nature Climate Change.”    
 

 
13 Regarding publicly available external data on climate, demographics, housing, etc. I am typically on pretty solid 
ground.  And, I disclose my sources. 
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The Drought in the San Francisco – Oakland area 
The US Drought Monitor time series graph below is pretty informative as it gives us information 
regarding this specific urban area14 over time since 2000.  As shown, current drought conditions 
for this urban complex are rated D2 – Severe Drought.   
 

 
14 This is the closest urban area to Marin County.  
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We are all familiar with the prevalence of the drought throughout the West and much of the 
Bay Area.  I believe the MMWD has often shared similar maps to stress how dire our water 
situation is within Marin County.     
 
What is not as well known is that these depicted drought conditions are not informative when 
focused on Marin County.  Indeed, Marin County benefits from a microclimate that is truly 
divergent from its surroundings.  It rains a heck of a lot more in Marin than in any nearby 
region.  This is due to its topography that includes a pretty large mountain that rises to 2,500 
feet above sea level: Mount Tam.  And, Mount Tam because of the orographic effect15 is truly a 
water manufacturing factory as shown on the map below.  See the only large dark blue spot 
denoting average rainfall of much above 45 inches per year.  I will cover this topic in greater 
detail within the upcoming section ‘How and why does Marin (Lake Lagunitas) gets so much 
rain.     
 

 
15 As clouds hit Mt Tam, the air is forced upward.  As air rises, it cools, and can hold much less humidity.  The 
humidity condenses and falls… that is rain.  
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In summary, the MMWD inadequate water supply infrastructure to secure a resilient 4-year 
water supply has nothing to do with Climate Change.  It has to do with an inadequate water 
supply infrastructure.  This is a theme I will go over in detail given its critical importance to 
understanding our chronic water scarcity state.     
 
Climate history 
About a year ago, I analyzed the historical rainfall data at Lake Lagunitas (data provided with 
the assistance of Jack Gibson/Board member and the MMWD staff).  Below I am sharing some 
of the key visual data.     
 

 
 
We can disaggregate the above visual time series into three separate periods:  
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1) Wet years from 1880 – 1916; 
2) Dry years from 1917 – 1950; 
3) Baseline years from 1951 – 2021 

 
A review of basic statistics below discloses that the three periods are very different16. 

 

 
 
Here is another look at the same data using frequency histograms.  
 

 
 
We can clearly observe that the climate over the most recent 70 years is not getting any dryer.  
Rainfall has actually been much more abundant than during the dry year period (1917 – 1950).   
 

 
16 Using statistical differentiating methods such as ANOVA and Tukey’s test confirmed that the three periods are 
very different.  The ANOVA test indicated that the three periods are very different (p-value 0.00).  The Tukey’s test 
confirmed that the paired difference between any of the three periods was statistically significant (all p-values < 
0.02).  
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The above graph is another look at the time series data using 10 year moving averages.  It again 
illustrates that whatever water scarcity we have experienced over the past 70 years was not 
due to climate change.  Indeed, if the rainfall during the past 70 years had replicated the rainfall 
pattern experienced from 1917 – 1950, whatever water scarcity we have experienced over the 
past 70 years would have been much worse.   
 
Let’s have a closer look at the 15 driest water years within the history of a data set going back 
to 1880.   
 

 
 
Looking at the data above, notice that the 2021 water year was the 7th driest through January.  
But, in the late Winter and early Spring it remained pretty dry.  And, by the end of the wet year 
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(June 30), it was the third driest year in the history of the data for Marin County (Lake 
Lagunitas).  
 
Below is a summary of the number of dry years within each of the three periods (Wet, Dry, and 
Baseline period).  This summary clearly shows how the Dry period had a far higher frequency of 
dry years than the Baseline period (27.3% vs. 8.6% respectively).  
 

 
 
Climate outlook 
The National Oceanic Atmospheric Administration (NOAA) has a very sophisticated and granular 
climate change forecasting model that consists of the weighted aggregation of 32 different 
climate change submodels.  The NOAA calls this climate change forecasting tool The Climate 
Explorer. Let’s use the output of this tool to observe climate change projections out to 2100 for 
Marin County.   
 
Temperature outlook 
The NOAA “The Climate Explorer” indicates that Marin County’s temperature is expected to 
rise.  For the lower emissions17 scenario Its average daily maximum temperature is expected to 
rise from 71 degrees Fahrenheit in 2020 to 73 degrees in 2050 and remain at that level till the 
end of the century.  For the higher emissions18 scenario temperature is expected to reach 73 
degrees by 2050, 76 degrees by 2080, and 77 degrees by 2100.    
 
The NOAA discloses much uncertainty19 around those estimates denoted by a blue zone for the 
lower emissions scenario and a red one for the higher emissions scenario.     
 

 
17 Lower emissions: a possible future in which global emissions of heat-trapping gases peak around the year 2040 
and then decrease. In this scenario, the atmosphere's ability to trap heat—a measure called radiative forcing—
stabilizes at 4.5 Watts per meter squared in the year 2100. This pathway is known as Representative Concentration 
Pathway (RCP) 4.5. 
18 Higher emission: A possible future in which global emissions of heat-trapping gases continue to increase through 
2100. In this scenario, the atmosphere's ability to trap heat—a measure called radiative forcing—reaches 8.5 
Watts per square meter in the year 2100. This pathway is known as RCP 8.5, where RCP stands for Representative 
Concentration Pathway. 
19 Range of projections: light-colored bands in Climate Explorer graphs enclose the full set of values projected for 
each timestep by the 32 climate models. The top edge of each band represents the maximum value among 
projections at each time step; the bottom edge represents the minimum value projected among all models. All 
remaining projected values lie between the top and bottom edges of each band.  
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Precipitation outlook  
The NOAA “The Climate Explorer” indicates that Marin County’s precipitation is expected to 
remain at current levels or slightly higher regardless of emission scenarios as shown below on 
the time series graph out to 2100.  
 
Please note, the NOAA captures Marin County’s precipitation data at a different point than the 
MMWD Lake Lagunitas.  As a result, the NOAA precipitation data comes in much lower than 
MMWD.  Just a bit later within this report, I will explain why Lake Lagunitas gets much more 
rain20. 
 

 
20 In short, Lake Lagunitas gets much more rain because of its proximate location to Mount Tam and the related 
orographic effect.  
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The NOAA “The Climate Explorer” also discloses visual data showing the monthly seasonality of 
the mentioned projections.  The graph below focuses on the 2010 – 2040 period.  And, it 
indicates that regardless of emission scenarios, the NOAA forecasts that in average the 
precipitation will be a little bit higher regardless of emission scenarios (high = red line, low = 
blue line) vs. the historical average (black line).  The NOAA forecasted slightly higher 
precipitation is concentrated in a small uptick of about 1 to 2 inches in additional rainfall in 
January.   
    

2010 – 2040 Period 
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Looking at the same visual data but for the period 2035 – 2065 is associated with very much the 
same pattern as for the 2010 – 2040 period.  You can notice the slight rainfall uptick in January.   
 

2035 – 2065 Period 

 
 
The wide blue and red zones denote the range of possibilities associated with the minimum and 
maximum outcomes from the 32 different submodels within The Climate Explorer.  This 
captures a material uncertainty.   
 
Please note that the actual precipitation data itself is very volatile as shown with the couple of 
boxplots21 below.  The one on the left captures the dispersion of the monthly rainfall data over 
the Baseline Period 1951 -2021; the boxplot on the right captures the same visual data for the 
entire historical data set going back to 1880.   
 

 
21 The thick horizontal bar within the rectangle represents the Median.  The bottom of the rectangle is the 25th 
percentile, the top of the rectangle is the 75th percentile.  The bottom and top whisker denote a greater than 90% 
Confidence Interval.  The big black dot above the Median horizontal bar represents the Mean.  The red dots above 
the top whiskers represent outliers.     
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Source: MMWD 
 
The main point of the boxplots above is that the underlying volatility and range distribution of 
monthly rainfall embedded within the historical data are actually far greater than the ones 
generated by the varied outcomes22 of The Explorer 32 submodels.  You can readily see that by 
observing that the Y-axis range of The Explorer graphs top at 28 inches in monthly precipitation.  
Meanwhile, the historical data Y-axis tops at 35 to 45 inches for the Baseline Period, and entire 
history, respectively.  Granted part of that difference is also due to Lake Lagunitas getting more 
rain than the Marin County station used by the NOAA.  But that is clearly only a partial 
explanation.      
 
Combined Temperature and Precipitation outlook 
From the reviewed NOAA The Explorer climate change forecast, we can summarize that Marin 
County’s temperatures are expected to rise.  However, Marin County’s rainfall is forecasted to 
remain at current historical level or slightly higher. 
 
Thus, it is not so much that we are in an urgent situation to adapt to Climate Change.  Instead, 
we are in an urgent situation to develop an adequate water supply infrastructure to provide a 
secure 4-year water supply given our suburban population density and given the volatility of 
our rainfall23.      
  
Climate comparison 
 

 
22 Ranging from the minimum value to the maximum value among The Explorer 32 submodels.  
23 Remember without being close to Mt. Tam, and its associated orographic effect, the existing MMWD water 
supply infrastructure could not support any customer base at all.  
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Comparison vs. West Coast cities 
Here we will bring some comparative perspective on our Marin County climate.  We often tell 
ourselves that we have lived in a near permanent state of drought that has forced us to 
conserve water pretty much at all times.   
 
A review of the comparative data, will bring nuance to our drought-perception.   
 
Let’s first compare Marin’s rainfall (at Lake Lagunitas) compared to cities in the West and 
Northwest known for having a pretty wet climate.  
 
As shown on the table below, Marin gets actually much more rain than even Eugene, Portland 
and Seattle.  And, it gets more than twice as much rain as San Francisco.     
 

 
Source: MMWD, NOAA 
 
Below, I show the same data within a boxplot24.  I also show Compact Letter Display25 that 
indicates what cities have a statistically different distribution of rainfall26, and which ones do 
not.  Cities with the same letter have rainfall that is not statistically different from one another.  
Cities with different letters have rainfall that is statistically different from one another.   
 

 
24 The thick horizontal bar within the rectangle represents the Median.  The bottom of the rectangle is the 25th 
percentile, the top of the rectangle is the 75th percentile.  The bottom and top whisker denote a greater than 90% 
Confidence Interval.    
25 For more explanation on this concept, I recommend the Wikipedia article by the same name.   
26 Eugene is the closest city to Marin’s rainfall level.  Yet, the large 7 inches difference in average rainfall between 
the two is deemed very statistically significant.  The Tukey’s test measuring the statistical significance between the 
two was associated with a p-value of 0.00.    
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Source: MMWD, NOAA 
 
As shown, by any measure Marin has a wetter climate than the mentioned cities.  In 2021, 
Marin experienced its driest year during the 1951 – 2021 period with 20.7 inches of rain.  Yet, 
this was still much higher than the average rainfall in San Francisco (19.7), and it was higher 
than Spokane’s 75th percentile (18.2).  Yet, no one would confuse San Francisco or Spokane 
with Dubai.  In summary, Marin’s rainfall does not denote any type of semi-arid climate.  
Instead, its rainfall is rather abundant.  However, its rainfall is very volatile which renders long-
term water supply planning critical, as well as developing an adequate water supply 
infrastructure.     
 
International comparison 
Within the table below, I selected at near-random 16 cities within various regions (Asia, Europe, 
Oceania).  However, I purposefully did not select any cities in the Middle East and Africa known 
for their desertic climate.  Instead, I often picked cities well known for their rainy climate such 
as several cities in the UK and New Zealand.   
 
To my surprise, Marin’s climate is actually wetter than 13 (green zone within table) out of 16 
cities shown within the table.  Marin gets over twice as much rain in average as does London!  
Only three of the cities had a wetter climate (blue zone)      
 



 22 

 
                       Source: Wikipedia who gathered the data from various relevant Government agencies 
 

How and why does Marin (Lake Lagunitas) get so much rain?  
The reason that Marin gets so much rain (at the Lake Lagunitas location) is because of Mount 
Tam.  This mountain serves as a literal water production factory by causing air condensation.  
This phenomenon is called the orographic effect27.  
 
The map below with colored – tiering of average rainfall over the past 30 years is a perfect 
picture of Mount Tam as a water production factory (being the only dark blue area depicting 
average rainfall much above 45 inches per year).  
 

 

27 Orographic effect refers to precipitation triggered by upward movement of air mass coming in contact with a 
mountain.  When the air mass moves over a rising terrain, it is forced upward.  As the air mass rises, it cools.  
Colder air can hold less humidity, resulting in precipitation when relative humidity reaches 100%. 
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Source: SCWA 2020 Urban Water Management Plan. Page 3-5.  June 2021.  
 
The orographic effect is readily demonstrated by Marin getting over twice as much rain as San 
Francisco that is just a few miles south.  And, even in its driest year, Marin gets as much rain or 
more than San Francisco during an average rainy season.     
 
Why does Marin have to bear with chronic water conservation while San Francisco does 
not28? 
 
We get about 2.5 times more rain than San Francisco.  In our driest year we get more rain than 
San Francisco’s average rainfall level29.  So, we should be all right, and San Francisco should be 
the one experiencing water constraints.  Why is it the reverse?   
 
That is for a simple reason.  The San Francisco water utility, San Francisco Water Power Sewer 
(SFPUC) has an extensive water infrastructure whereby it gets its water from the immense 

 
28 San Francisco residents do have to abide by certain water conservation measures.  But these are driven by water 
conservation mandates at the California State level.  They are not driven by their local water utility, San Francisco 
Water Power Sewer (SFPUC).  This is unlike the MMWD that implements very specified water conservation plans to 
compensate for its lack of water supply infrastructure.  
29 Over the baseline period (1951 – 2021), our driest year was in 2021 (July 1st to June 30th) with 20.7 inches of rain.  
Meanwhile, San Francisco’s average over the same period was 19.7 inches.  
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Hetch Hetchy reservoir30 in Yosemite National Park.  Just about all large cities in California rely 
on similar very extensive and distant water infrastructure systems for their water needs.  In 
other words, their water supply is integrated within a thorough water system on a Statewide 
scale.  These cities have the adequate water infrastructure to serve the water needs of their 
population.  They do not depend on the local rain that falls within the perimeter of their urban 
territory.   
 
Just the reverse is true for our MMWD territory.  For our water needs, we rely up to 75% or 
more on rainfall captured by our local small reservoirs.  Their size is adequate during average 
times.  It is not when we experience relatively low rainfall levels.  And, that is why MMWD 
customers have to conserve so much and so often relative to the customers of the SFPUC.         
 

Climate section conclusion 
Reviewing the historical data and the NOAA forecast, we can derive that Marin County has 
actually a rather favorable rainfall hydrology.  Indeed, in our driest year since 1951 we got over 
20 inches of rain which is greater than the average rainfall in San Francisco (19 inches).  In 
average, Marin gets far more rain than London.  It gets even more rain than Wellington and 
Auckland in New Zealand known for its rainy climate. 
 
So, whatever water insecurity or scarcity we chronically experience is really not due to Climate 
Change.  It is instead due to a water supply infrastructure that is insufficient to provide a secure 
4-year water supply to a customer base of about 192,500. 
 

Real estate perspective 
 
It is important to understand real estate trends in Marin County.  That is because the very high 
home prices in Marin County have been a driver of State level pro-growth policies to resolve a 
perceived housing affordability and housing supply crises.   
 
Once we understand the home price trends in Marin County and elsewhere in both the US and 
the World, it will give us a much more nuanced interpretation of the mentioned crises.  These 
crises may well be political constructs that very much ignore the historical data.   
 
Questioning the State pro-growth policies will become even more evident when we will move 
into the next major section on Demographic perspective.    
 

 
30 The Hetch Hetchy watershed, an area located in Yosemite National Park, is the major source of water for all of 
San Francisco's water needs. Spring snowmelt runs down the Tuolumne River and fills Hetch Hetchy, the largest 
reservoir in the San Francisco water system. 
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Marin County home prices are very expensive compared to most areas within the US 

This is the price of being one of the most attractive places in the world from both an 
environmental and economic standpoints. 

As the map from the National Association of Realtors (NAR) shows below, Marin County median 
home prices at over $1 million belong to the top 0.3% most expensive housing market in the 
US.  

 
 
To get a more concrete idea of how exceptionally high are Marin County’s home prices, it is 
informative to recreate that map and focus only on this very top tranche representing the top 
0.3%.  As shown below, it gets pretty lonely at the top.  Within the top 0.3% most expensive 
markets you have only San Francisco Bay Area counties, including Marin of course, and Teton 
County in Wyoming31.     

 
31 The main city in Teton County is Jackson Hole.  It is known as a secluded world class ski resort.  The community is 
also home to the Jackson Hole Economic Symposium, an annual gathering by the Federal Reserve Bank that 
includes central bankers, finance ministers, academics, and institutional investors from around the world.  Teton 
County has the highest pretax average income of any US county at $312,442. 75% of the earnings come from 
investments or other non-wage sources, compared to 31% on average for the rest of the United States. Wyoming 
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Marin County has always been expensive.  Its housing prices appear pretty outrageous 
compared to any city or county in between the US coasts (except for Teton County in 
Wyoming).   

To construct informative long term time series, I used San Francisco as a proxy for Marin 
County home prices.  San Francisco has just so much more historical data available.  The home 
price chart below from Zillow shows that the San Francisco proxy for Marin County home prices 
is reasonable.  Since 2015 the two [San Francisco and Marin] track reasonably well.  Marin 
County home prices have been actually higher than San Francisco during the most recent few 
months.  That may be because Marin County was less affected than San Francisco by the WFH32 
effect.      

 
does not have an income tax and is tax friendly.  Combined with its beautiful natural settings, Teton County 
attracts a material number of extremely high net worth individuals.    
32 When employees could work from home (WFH), they were free to leave San Francisco and move to lower cost 
areas.  This would also have had an effect on Marin but apparently less so.  But, maybe for any employees leaving 
Marin because of WFH, another would move in Marin (exiting San Francisco).  
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Source: Zillow 

And, as a benchmark of how expensive Marin County or San Francisco home prices are I used 
Charlotte in North Carolina.  I used Charlotte on purpose.  Charlotte is actually a thriving city 
that has become the second largest financial center in the US (behind only New York)33.  When 
comparing San Francisco to Charlotte, I could construct a long time series going back to 198734.   

Given how well Charlotte is doing from both a population and economic growth standpoint you 
would think that San Francisco and Charlotte home prices would be converging.  As the visual 
data below shows, they are clearly not converging.   

 
33 Extracting info from Wikipedia on Charlotte: Between 2004 and 2014, Charlotte was ranked as the country's 
fastest-growing metro area, with 888,000 new residents.  Based on U.S. Census data from 2005 to 2015, Charlotte 
tops the U.S. in millennial population growth.  It is the third-fastest-growing major city in the US.  Charlotte is 
home to the corporate headquarters of Bank of America, Truist Financial, and the east coast headquarters of Wells 
Fargo, which along with other financial institutions has made it the second-largest banking center in the United 
States.  As of 2020, Charlotte was considered as a Gamma + level global city by the GaWC.  
34 This took a little bit of work.  I extracted S&P Case-Shiller home price index using the FRED database.  And, I used 
Zillow Home Value Index to get a current home value in $ for San Francisco and Charlotte.  Then using the S&P 
Case-Shiller index levels, I constructed the home value in $ going backward to 1987.   
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Source: FRED, S&P Case-Shiller, Zillow  

A clear way to observe the stubborn divergence in home prices between San Francisco and 
Charlotte is to look at the multiple of San Francisco home price divided by Charlotte’s.    

 

Source: FRED, S&P Case-Shiller, Zillow  
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On the chart above you can see that back in 1987 San Francisco home price at about $200,000 
were just 2 times Charlotte home price close to $100,000.  But, ever since the majority of the 
time the divergence between the two has increased.  For the past 20 years, the majority of the 
time San Francisco home price have been 3.5 times higher than Charlotte’s.  During the Great 
Recession, there was some convergence between the two cities.  And, as we speak due to the 
Big-Tech employment correction there is also a bit of convergence going on with San Francisco 
home prices having declined for the past few months.  Nevertheless, as of September 2022, a 
San Francisco home still costs $1.485 million vs. only $400,000 for Charlotte.  And, the related 
multiple is still stubbornly high at 3.7 times.  

Understanding the above San Francisco home price trends is important for Marin County.  This 
is because San Francisco is such a relevant proxy for Marin County home prices.  The latter have 
always been expensive, and will most likely remain so for the mentioned reasons.   

So, when the California State Government (HCD – RHNA)35 steps in with a laudable mission of 
solving the local housing affordability crisis either their mission is disingenuous and is just a 
cover for lobbying interests36; or it may be unrealistic.  The historical data suggests they have 
not made any progress towards resolving the housing affordability crisis37.   

One could argue my analysis is focused on home prices and not on rent.  However, rental data 
would uncover very similar trends.  San Francisco and Marin County are very expensive rental 
markets too.  House prices and rents go somewhat hand-in-hand38.  

Understanding Marin County home prices within a global housing market 

Are our local home prices absurd?  We sure think so.  Is it really worth paying 4 times more for 
a local house vs. one in Charlotte.  Is the blue sky, the ocean, the year round mild weather, the 
proximity to hi-tech worth paying $1.5 million for a home?  

Is it worth paying that much given worsening traffic problems? And, last but not least chronic 
water conservation efforts? Is it worth paying often more than $1,000 per square foot to live in 
a location when you are often limited to use no more than 100 gallons per customer per day? 39 

 
35 HCD is an acronym for the California Department of Housing and Community Development.  RHNA means 
Regional Housing Needs Allocation.  This agency and regulation instrument mandate the number of housing units 
California has to add over the next several decades.     
36 Real estate developers, brokers and investors.  
37 If that is a crisis at all, as reviewed within this report.  Marin County home prices are very high reflecting the 
desirability of the location including natural setting, economic opportunities, and limited land supply.   
38 There is a straightforward economic relationship between the two.  Rents are aligned with the mortgage level to 
finance the residential housing being rented at a current market price.     
39 100 gallons per customer per day is a ton of water for a residential customer living in an apartment.  It is very 
little if you live in a detached home with a sizeable garden.  It is additionally not much water when you include in 
all the businesses, public agencies, schools, parks, even golf courses that together use a ton of water and 
materially boost the overall gallons per customer per day for the MMWD.  
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To understand Marin County home prices, you need to literally go elsewhere.  You need to 
expand your benchmarking pool to other world class cities and suburban areas.  And, when you 
do so… all of a sudden Marin County home prices start to make a little bit more sense.               

Below is a list of the most expensive residential real estate market in the world ranked as a 
multiple of median household income40.  You can see on the list San Jose in 4th and San 
Francisco in 7th position.   

Marin being close to the San Francisco – San Jose hi-tech metropolis is equally expensive.  
Marin housing is very expensive relative to Kansas, Charlotte, Atlanta or just about anywhere 
else in between the US coasts.   

When compared to other world class urban and suburban areas as shown on the list, Marin 
County home prices (using San Francisco as a proxy) appear more in line with other world class 
locations.   

 
40 This is an interesting metric that makes good sense because it adjusts home prices to how much household 
make.  This is almost like a P/E ratio that is customarily applied to stocks but to real estate.  In other words, this 
multiple of home price/household income compares the premium that households are willing to pay to live in a 
given area.  For some areas, this premium is extremely high because of explicit land supply constraints such as in 
Hong Kong (multiple of 23.2 times household income).     
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Most probably all 20 of the most expensive housing markets shown above could be considered 
as having a “housing affordability crisis.”  That is in turn because all of them share one or more 
very attractive characteristics including outstanding economic opportunities, good universities, 
a highly educated workforce, often attractive natural settings.  They may also be associated 
with limited land supply.  Because of the combination of such characteristics such locations are 
bound to have been and remain very expensive for a very long time.      

Demographic perspective 
 
To better understand the prospective demographic growth within Marin County (as 
representative for the MMWD), it is helpful to have a sense of demographic growth at the 
global level for various countries and regions.  This helps in benchmarking rational expectations 
for Marin County’s prospective demographic growth.  In turn, demographic growth results in 
water demand growth.    
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Demographic growth at the global level 
 
The graph below shows a country or region’s population median age (horizontal x – axis) vs. 
2021 natural population growth (excluding migration) on the vertical y-axis.   
 

 
 
The main messages from the graph above are that: 

1) Rapid population growth at > 1% p.a. are now limited to countries in Africa and the 
Middle East.  These countries have young populations with a median age typically under 
30 years old; 

2) South America, Oceania are still growing at somewhere between 0% and 0.75% p.a.; 
3) Canada and US populations are still growing but barely above breakeven; and 
4) Western Europe, Japan, and Russia are already experiencing negative population 

growth.  Their respective populations are old and aging.   
 
Let’s focus on the US and Japan that will serve as two interesting benchmarks for Marin County.  
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As shown, Japan has one of the oldest countries populations with a median age of 48.4 years.  
That is over a decade older than the US.  
 
Interestingly enough, Marin County’s population is aging rapidly.  And, Marin County’s median 
age at close to 47 years old is a lot closer to Japan than the US.  
 

 
Source: livestories.com.  Original source: U.S. Census Bureau’s American Community Survey 
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Long term demographic trends: Japan, US, Marin County 
The graph below depicts a rapid decline in demographic growth for all three regions.  Marin 
growth is rapidly converging downward towards Japan.  Since 1980 on a compounded annual 
growth basis (CAGR), Marin County’s population growth rate has been far lower than the US.  
  

 
Source: for Marin, State of California/Department of Finance/Demographic Research Unit.  
For Japan and US, United Nations Population Division. 
 
As shown above, Japan’s population is already contracting.  Marin’s growth is close to 
breakeven on a 10-year CAGR basis.  And, on an annual basis it has already turned negative 
since 2016.  The US population is also sliding downward, but at a slower pace than the other 
two because of emigration.   
 
Based on most current projections, the decline in population growth rate will continue for all 
three regions.  And, the population of both Japan and Marin are expected to be constantly 
negative throughout the entire time period out to 2060.    
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Source: for Marin, State of California/Department of Finance/Demographic Research Unit (DRU).  
For Japan and US, United Nations Population Division. 
 
Demographic age pyramids:  US, Japan, Marin County(?) 
Demographic age pyramids are visually informative as they explicitly demonstrate the aging of a society 
over time.  We have very good data for the US and Japan.  We do not have any corresponding data for 
Marin County.  However, given their respective median age (US 37.7 years, Japan 48.4, Marin County 
46.9), we can conservatively assume that Marin County’s age pyramid would look a heck of a lot closer 
to Japan than the US41.     
 
Looking at the age pyramid of the US and Japan shows how much faster Japan’s population has aged vs. 
the US.  And, we know the same phenomenon is affecting Marin County [it has aged much faster than 
the US42].  
 
Age pyramids in 1950  
 
Back in 1950, Japan’s population was actually even younger than the US.  You can see that as it has a 
sharper more pointed pyramid shape with more young people at the base and fewer old people at the 
top.    
 

 
41 Marin County’s median age is 9.2 years greater than the US; and 1.6 lower than Japan.  Given that we could 
assume that Marin County’s age pyramid would look about 5.75 times closer to Japan vs. the US.  That would make 
Marin County’s pyramid truly very close to Japan’s.   
42 We saw that just a few graphs above within the graph sourced from livestories.com.  
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Source: United Nations, Department of Economic and Social Affairs, Population Division 
 
Age pyramids 2020 
 
By 2020, both countries population had aged a lot; But, Japan’s even much more so.  The age pyramids 
look like urns now with fewer young people at the foundation and more old people at the top compared 
to 1950.  Marin County’s age pyramid in 2020 (if we had the available age structure data) most probably 
would look very close to Japan’s.    
 

 
Source: United Nations, Department of Economic and Social Affairs, Population Division 
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Age pyramids 2100 
 
By 2100, based on the UN Population Division projections, both countries aging continues.  The visual 
profile of the pyramid does not change all that much.  But both pyramids have a lot more individuals 
reaching their nineties and hundreds (centenarians).  Life expectancy in both countries is expected to 
continue slowly rising.  Again, Japan’s pyramid is most probably a very good proxy for Marin County.  
Marin County has an aging and healthy population with rising life expectancy… very similar to Japan’s 
demographic trends.        
 

 
Source: United Nations, Department of Economic and Social Affairs, Population Division 
 
 
Long term demographic trends: California vs. Marin County 
As shown on the graph below, Marin County’s demographic growth has always been a lot lower 
than California since the beginning of that time series (capturing the 1981 – 1991 decade).  
However, we can see that both regions respective demographic growth is slowing down 
abruptly.    
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Source: State of California/Department of Finance/Demographic Research Unit (DRU).  
 
Projections out to 2060 indicate that this slowing down in demographic growth is expected to 
continue.  
 

 
Source: State of California/Department of Finance/Demographic Research Unit (DRU).  
 
Marin County’s demographic profile 
We saw earlier that Marin County is already a lot older and aging a lot faster than both 
California and the US.  With a median age of close to 47 years, it is approaching Japan’s.  
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Source: livestories.com.  Original source: U.S. Census Bureau’s American Community Survey 
 
The graph below shows another close look at Marin County’s population aging.  Since 2000, the 
percentage of the population that is 65 years old or more has increased from 13.5% to 23.0%.  
This represents an enormous upward shift, characteristic of very rapid population aging.  
Meanwhile, the percentage of population under 5 has slightly declined, suggesting an ongoing 
drop in fertility rate; that in turn also results in population aging.   
 

 
Source: US Census Bureau, American Community Survey 
 
How about migration?  Could it boost Marin County’s demographic growth just as it has for the 
US.  The available data suggests that this is not the case as migration into Marin County over 5-
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year periods measured annually has dropped from close to 5,000 back in 2010 to very close to 
Zero by 2019.    
 

   
 
Marin County’s rapid aging, low fertility rate, very low in-migration are the underlying causal 
factors behind Marin County rapid decline in demographic growth that is expected to be 
negative and remain so over the foreseeable future.   
 
Marin County is truly turning Japanese43.  Well, besides Africa and the Middle East the whole 
World is also turning Japanese. Going forward, nearly flat to negative demographic growth is 
and will be the norm for all developed countries44.   
 
Marin County & MMWD population growth projections 
Marin County’s population projections reflect the dysfunction of our California State 
government with two separate agencies generating completely different population growth 
prospects for Marin County (and in turn for the MMWD).   
 

 
43 As mentioned earlier, their respective demographic age pyramids over time most likely look very similar.  And, 
they surely look more alike vs. the US demographic age pyramids.    
44 All of Western Europe, Russia, Japan, China are already experiencing flat to negative demographic growth.  
Canada, Australia, and the US will sustain slow but positive growth due to in-migration compensating for their 
respective population’s fertility rates being much below replacement rate (2.1 children per woman is the 
replacement rate).  I invite anyone who is interested in global demographics to observe firsthand the excellent 
data visualization at Our World in Data.     
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The two California State agencies that generate population projections 
 
These two agencies are:  
 
State of California Department of Finance Demographic Research Unit (DRU) 
Per their website: “DRU is designated as the single official source of demographic data for state 
planning and budgeting45.” 
 
The DRU uses and actually generates Census data.  The DRU respects demographic trends.  Its 
projections reflect the demographic profile of Marin County, a rapidly aging society, that 
increasingly resembles Japan.  They [Japan and Marin County] are both associated with a 
slowdown in demographic growth leading to respective projected population contractions that 
is already reflected in the recent historical data.  And, we will soon observe Marin County’s 
population contraction as depicted within the DRU projections.   
 
California Department of Housing and Community Development (HCD) & Regional Housing 
Needs Allocation (RHNA)   
The HCD is a department that develops housing policy and building codes.  It administers 
housing finance, economic development and community development programs.  HCD also 
regulates the Regional Housing Needs Allocation (RHNA).  In turn, RHNA in conjunction with the 
Association of Bay Area Government (ABAG) develops housing unit growth and population 
projections (that are ratified by HCD).   
 
RHNA population projections for Marin County entirely ignore any of the mentioned 
demographic trends.  Instead, they focus on a political construct of a housing affordability and 
housing supply crises.  And in their resulting pro-growth projections, RHNA without being aware 
of it instead of viewing Marin County as an aging society similar to Japan, they instead view it 
more like an African country with a very young demographic age structure and an explosive 
population growth.  Nevertheless, RHNA is pretty much the law of the land that Marin County’s 
cities have to abide to in terms of building units and population projections.  
 

 
45 The State of California has earned a national reputation for its demographic program. DRU is designated to 
represent the state in national programs relating to population statistics including the national Census Data. 
Legislation created the DRU in 1951 to serve as the single official source of demographic data for state planning 
and budgeting. Population data are used to establish appropriation limitations; distribute subvention funds, 
various federal program funds, wastewater treatment funds, and other state funds; allocate capital outlay funds; 
and aid in the planning and evaluation of programs.  Unit staff provide demographic research and analysis, 
produce current population estimates and future projections of population and school enrollment, and 
disseminate census data.   
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The outrageousness of RHNA population projections is very familiar to Marinites46.  Susan 
Kirsch, the head of CatalystCA.org has written several articles within the Marin IJ on this topic.  
 
In her Letter to the Editor of December 1, 2022 ‘Local officials must have control of new 
housing’ she had several informative passages, that I will quote below:   

“… state officials seemed to overstate a supposed 3.5 million housing-unit shortage. Then, a 
state audit found the methodology flawed around the Regional Housing Need Assessment 
numbers dictating production quotas that are two or three times higher than ever before.		

…  It appears to me that ‘Up for Growth47’ [that influences RHNA projections] a network in 
support of new housing, is really a national political action committee that promotes the 
interests of real estate developers, real estate owners, construction companies, real estate 
investors and property management companies in the field of housing policy legislation.” 

On December 13, Susan Kirsch wrote another Letter to the Editor, ‘State housing bills use 
problematic data’.  Again, quoting below a few key passages:  

“[Senator Scott Wiener] bestows urgency … when he writes “California is facing a severe 
housing crisis spurred by a shortage of 3.5 million homes.” But, according to research, it’s not 
true.  Gov. Gavin Newsom confessed to using the inflated 3.5 million number and explained it 
as an “aspirational” goal. Today, informed people point to the national housing shortage at 3.8 
million. In California, updated research shows the shortage is estimated at 1.2 million units. 
Wiener needs to use the corrected numbers. 

There ought to be a law. Legislators should be required to “fact check” their work before 
introducing bills that fleece their constituents. Furthermore, legislation based on false 
methodology (like Regional Housing Needs Allocation numbers) should be rescinded.” 

Dick Spotswood, one of the Marin IJ long term favorite columnists, wrote a column on the same 
topic on December 13, 2022: ‘Mandating severe housing increases for coastal communities 
won’t work.’  Quoting him below (I have copied much of his column, and I used a different font 
to clearly delineate his words from the remainder of the document):  

“There’s much consternation about the Regional Housing Needs Allocations (RHNA) imposed 
on Marin and other suburban California counties by the state Legislature. 

The requirement is that cities and counties zone for a designated amount of new housing. The 
specifics include allocations for those with “very low, low, moderate and above moderate 

 
46 What is not so familiar is that such projections are so contradicted by the demographic based DRU projections.              
47 Up for Growth presents itself in the most politically correct way at their website.  “Up for Growth is a national, 
cross-sector member network committed to solving the housing shortage and affordability crisis through data-
driven research and evidence-based policy.”   
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incomes.” Marin municipalities and the county have taken the mandate seriously and are 
rezoning accordingly. 

Total housing that’s planned for the Bay Area is a mind-boggling 441,176 new units. Of those, 
fully 42.6% are for market rate homes for those with “above moderate incomes.” Marin’s 
combined total allocation for all categories is 14,405 new homes. 

In Marin and Coastal California, objections to RHNA are valid: There isn’t sufficient water. 
Highways, transit, schools, parks and streets aren’t sufficient to support new housing in the 
quantity demanded by Sacramento. Add to that danger from wildland fire and rising seas. To 
address those needs, taxes will inevitably go up and public services curtailed. 

Those concerns and current grassroots efforts to repeal existing laws will have little impact. The 
bulk of legislators, both Democrats and Republicans, support the RHNA mandates and statutes 
limiting local land-use control. Credit that to political contributions from building trades unions, 
real estate and construction interests. They aren’t alone. Polling indicates most Californians 
believe the “housing crisis” is real, resulting in a shortage of housing affordable to middle class 
families, the working poor and frontline public employees. 

Coastal California is physically attractive. Its beauty is formed by its geography. The ocean on 
one side and mountains surrounding San Francisco Bay limit the possibilities of sprawl, unlike 
Texas, with flat, wide-open spaces and weak zoning. 

The region has first-rate local colleges and universities attracting talent from here and abroad. 
Those young folks like what they see, stay and often become employed in the well-paid 
technology industry. Combine that with unionized construction jobs, plus high building fees, and 
the cause of skyrocketing real estate prices is obvious. 

Past legislative actions are based on a fallacy – the belief that RHNA and elimination of local 
control will create so much new housing that the market price of all homes will dramatically 
decline. Aside from the fact this fantasy would wipe out the wealth of millions of homeowners, it 
simply can’t happen in the real world’s marketplace. 

Pricing housing in Coastal California isn’t the same as pricing furniture. As Hong Kong, London 
and New York demonstrate, after building forests of multi-unit apartments, real estate prices still 
don’t decrease. Housing demand in economically and socially vibrant cities will always increase 
to meet supply no matter how many homes are built.” 

Susan Kirsch and Dick Spotswood have pretty much said it all.  However, just to summarize HCD 
and RHNA (lobbied by Up for Growth) position their mission as solving housing shortage and 
the housing affordability crisis.  But, adding apartment complexes and other housing units 
(ADUs, etc.) in a suburban area that is already crowded solves little.  Marin’s outrageously 
expensive home prices are caused by Marin being in the most attractive natural suburban 
setting with ready access to the number one hi-tech metropolis in the entire world (the San 
Francisco to San Jose urban corridor).  
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Actual Projections 

We are revisiting a long term projection we had already uncovered within the Demographic 
section.  See on the graph below a long term population growth projection out to 2060 
disclosing compounded annual growth rates over 10 years.  The graph compares the US, Japan, 
and Marin County using the demographics informed DRU projections.  

 

Source: for Marin, State of California/Department of Finance/Demographic Research Unit (DRU).  
For Japan and US, United Nations Population Division. 

As shown above, Marin County’s population is expected to grow a lot slower than he US.  It is 
actually expected to contract as we speak, and converge towards the population contraction 
rate of Japan.  Remember both societies have a very old age pyramid structure.  And, neither of 
them do benefit from much in-migration.   

Next, let’s look at the two different set of population projections out to 2045 for Marin County.  
These include the projections generated by DRU (that takes demographics into account) vs. the 
ones generated by RHNA48.  And, also let’s compare those with the DRU projections for 
California as a whole.  The graph below is on an indexed basis where the 2020 population is 
equal to 100.  

 
48 The Marin County RHNA population forecast was derived from the MMWD Strategic Water Supply Assessment: 
Water Conservation.  August 22, 2022. 
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Source: DRU, MMWD – RHNA 

The above graph conveys several facts and concepts: 

• Marin County has historically grown a lot slower than California. From 1981 to 2020, it 
has grown by only 100/86.2 – 1 = 16%.  Meanwhile over the same period California has 
grown by 100/60.4 -1 = 65.5%;  

• The DRU projections for Marin County out to 2045 convey a flat to slight decline in 
population that had already started since 2015;  

• The RHNA projections for Marin County out to 2045 are genuinely detached from any 
historical demographic trends as it projects that its population would increase by a very 
rapid 14.2% by 2030 and by 20.8% by 2045; 

• Historically, Marin County has grown a lot slower than California.  The Marin County – 
DRU forecast respects that in the projection.  The RHNA Marin County forecast does 
not.  As it shows Marin County’s population growing a lot faster than California DRU 
projections49.    

 
49 Of course, this does not preclude that RHNA may have some equally divergent population forecast for California 
as a whole.   
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Next, let’s look more closely at the population growth numbers and benchmark them vs. other 
countries such as the US and Japan.  

 

Source: DRU, UN Population Division 

The table above shows four different population compounded annual growth rates (CAGR) 
grouped into two categories: History and Projection.   

The History captures a long term growth trend from 1981 to 2020, and a more recent trend 
over the 2015 – 2020 period.  For the projections, the more recent trend is more informative 
and relevant.    

The Projection captures a short term forecast from 2020 – 2030 and a long term forecast from 
2020 to 2045.  

To evaluate the quality of the respective projections it is informative to compare the historical 
short term trend (2015 – 2020) with the contiguous short term forecast (2020 – 2030).  When 
you focus on this chronology, you see the Marin (RHNA) forecast suggesting that the CAGR is 
expected to jump from negative – 0.2% currently to a positive 1.3%.  That is an enormous and 
rather unrealistic jump.  To remind ourselves what an annual population growth rate of 1.3% 
represent, I am bringing back the following graph that was included within the Demographics 
section earlier.  As shown below, only countries in Africa and the Middle East, who have not yet 
experienced the demographic aging occurring in the rest of the World, have recorded such 
rapid population growth rates (at above 1.0% p.a.).  
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As depicted, while the Marin (RHNA) projection appears highly unrealistic, the Marin (DRU) is a 
lot better aligned with recent trends.  Additionally, the Marin (DRU) projections are well aligned 
with the two benchmark countries: the US and Japan.  The Marin (DRU) projections show a 
slowdown and contraction that is not quite as pronounced as for Japan; but these same 
projections show Marin County’s population growing a lot slower than the US.  In summary, the 
DRU projections respect historical and prospective demographic trends; meanwhile, RHNA 
clearly do not.   

Here is a second look at these projections using actual percentage growth instead of CAGR.  
From an arithmetic standpoint, this may be a more transparent way to look at the data.  But it 
does not allow for some of the most relevant comparisons as depicted in the previous graph 
disclosing population growth rates per annum around the World.     

 

Source: DRU, UN Population Division 
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In terms of explaining what the above table indicates, I could copy just about the exact same 
explanatory narrative I used for the table using CAGR instead of Growth in %.  In summary, the 
Marin (DRU) projections are grounded in the demographic trends.  Meanwhile, the Marin 
(RHNA) ones are clearly not.  

Additional info suggesting the Marin County RHNA population projections are unrealistic 

The case for the RHNA population projection for Marin County is that the local workforce can’t 
afford to live in Marin County50.  This exacerbates commute traffic.  And, therefore we should 
add many more affordable housing units to house this workforce.  This would in turn reduce 
traffic congestion51. 

The above as described would be kind of a zero sum game.  If we essentially move the 
workforce into Marin, the neighboring counties should experience lower growth rates than 
otherwise.   

When you review the overall household projections developed by ABAG/RHNA for the various 
Bay Area counties, most counties are expected to grow at a tremendous rate out to 2050.        

 
50 The Marin IJ had a cover page article on the subject on December 16, 2022.’Report: Marin housing unattainable 
for many education staffers.’  It indicated that 43% of Marin school staffers cannot afford to rent a studio 
apartment in the county.  The report defines unaffordable as spending 30% or more of income on rent. Quoting 
the article “A single earner in a household would need to work for 10 years in a district and hold both a teaching 
credential and a master’s degree before being able to afford a studio apartment in Marin,” said report researcher 
Robin Pendoley of Marin Promise Partnership, a network of organizations promoting educational equity.”  At the 
end of the article, it stated the following rent levels: “According to the report, the fair market monthly rents in 
Marin reported by the federal Office of Housing and Urban Development during fiscal year 2021 were: efficiency or 
studio, $2,350; one bedroom, $2,923; two bedroom, $3,553; three bedroom, $4,567; and four bedroom, $4,970.”  
From the Legislative Analyst Office, I uncovered that Marin County teachers are some of the highest paid in the 
State.  In average they make $93,328.  If you take 30% on a monthly basis, this indicates that they could afford to 
allocate $2,333 to rent which is right in line with the studio average rent.  This actually may support the report’s 
findings.  However, such teachers earning the average salary could readily afford to rent in Marin by having 
roommates and renting together larger apartments with several bedrooms.  And, if two teachers happen to get 
together and form a household, they could readily afford even a three bedroom apartment.        
51 The idea has merit.  It seems logical.  However, whenever you read within the Marin IJ about specific proposals 
related to large housing projects to satisfy such RHNA mandates, you often get that such projects will make traffic 
worse not better.   
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Source: Plan Bay Area 2050 Final Blueprint.  ABAG/RHNA 

Below, we disclose several related tables.   

The first one on the left captures the ABAG/RHNA projections and calculates the CAGR for each 
county.  The table in the middle discloses the same projections (over the period 2015 – 2050) 
from the DRU.  And, it also shows the same projections, as benchmarks, for California (DRU) 
and the US (UN population division).  The table on the right shows the same data for the 
historical period from 2015 to 2020.  
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The next table below compares the CAGR from the three tables above.  

 

The main takeaway from all of the above is that the ABAG/RHNA projections are completely 
disconnected from recent historical trends.  The DRU projections are far better aligned with the 
mentioned historical trends.   

ABAG/RHNA would have the whole Bay Area (Region) growing till 2050 at annual rates of 1.18% 
p.a. that resembles very fast growth rates of African and Middle Eastern countries, as reviewed 
earlier. Yet five year into this forecast, we can already observe that the ABAG/RHNA forecast is 
already way off base with the Bay Area growing at only 0.20% p.a. over the 2015 to 2020 
period.  Granted ABAG/RHNA are focused on a different unit (households vs. population for 
DRU).  But, this difference in population unit probably can explain only a small portion of the 
huge divergence between the ABAG/RHNA CAGRs vs. the DRUs52.     

 
52 I suspect this is the case because households within the Bay Area are already pretty small to begin with because 
of the very high cost of housing, overall high education level.  These sociodemographic characteristics typically 
contribute to households being smaller than otherwise.  
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Additionally, when we review county migration patterns over the most recent two years (see 
the two maps below from the Census), we can observe that Bay Area counties are among the 
counties that have experienced steady out-migration.  I suspect this trend is not so recent, and 
it is expected to continue forward53.  

 

In view of the above, we see no rational argument to support ABAG/RHNA very rapid 
household growth projections for the Bay Area and Marin in particular.   

Infrastructure history since the 1976/1977 water crisis 
 
MMWD successful water supply infrastructure response to the 1976/1977 water crisis54 
The 1976 – 1977 water year period was a near nuclear wakeup call55 that the MMWD water 
supply infrastructure was grossly inadequate to support the water needs of its customers 
during dry years56. 
 
In May 1976, the MMWD responded quickly to this crisis by implementing the first contract 
with the SCWA to import water57.  And, it initiated the EBMUD pipeline project that was 
completed in record time by June of 1977.  It allowed the MMWD to get connected to the State 
Water Project tapping water from the Central Valley gathered in four large reservoirs in 

 
53 Remember the Marin County DRU forecast was projecting a population growth that was much slower than for 
California.     
54 The source for this section is a Marin IJ article: “Marin drought brings echoes of 1976-1977 water crisis” by Will 
Houston, dated May 1, 2021.  
55 When you are conserving at the unheard off 57% level and you still face running out of water within 120 days, it 
is just about impossible to exaggerate the existential gravity of the situation.  
56 Keep in mind that what we call historically dry years for Marin at around 20 inches is still equal or greater than 
the average rainfall in San Francisco.  
57 Contractually, we have the right to import up to 14,300 AF from SCWA.  But our water distribution capacity was 
limited to 10,000 AF until 2021.  It is now 11,000 AF.   
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Northern California (depicted on the diagram below).  This pipeline contributed an additional 
capacity of 11,200 AF. 
 

 
 
In November of 1976, MMWD also initiated the building of a seventh reservoir (Soulajule) with 
a capacity of 6,000 AF that was completed in 1979.  
 
Collectively, the above projects should have easily provided a secure 4-year water supply to the 
MMWD customers to this day.  The EBMUD pipeline 11,200 AF capacity and the Soulajule 
reservoir additional 6,000 AF storage should have more than sufficed.  It did not turn out that 
way.   
 
How to recreate a water crisis after resolving the 1976/1977 one 
MMWD valiant efforts to resolve the 1976/1977 water crisis did not have a permanent impact 
on shoring up our water security for the following reasons:  
 

• In 1982, the EBMUD pipeline was dismantled at the urging of CALTRANS to reinstate one 
of the lanes on the Richmond bridge58.  That resulted in a permanent loss of 11,200 AF 
in water supply;   

 
• The 6,000 AF Soulajule reservoir, 43 years after completion, is still not providing any 

water on a reliable basis to the MMWD due to unresolved mercury toxicity issues;   
 
 

• The MMWD does not purchase anywhere near the amount of water from SCWA that it 
is capable of importing (11,000 AF);   

 

 
58 Nowadays, a lane on the Richmond bridge is taken for a bike lane.  Over time as a society, between a few bike 
rides and 11,200 AF of water… we chose the bike rides.  
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• The MMWD releases to the fisheries more water than it is mandated to do.  And, it is 
typically releasing more water to the fisheries during dry years, when it is mandated to 
release less water to the fisheries at such times;  
 

• The MMWD tested desalination plants pilot programs in 1990 and from 2005 to 200759.  
Both plants pilot programs were promptly abandoned due to their higher costs and 
prioritizing water conservation;    
 

• Since 1976, our regulatory environment has become increasingly forbidding towards 
any water infrastructure projects.  Back in 1977, the EBMUD pipeline was fully 
implemented within less than a year.  Recently, Jacobs Engineering disclosed the same 
project would take from 4 to 7 years.  And, it also would produce less than half of the 
water volume (5,000 AFY vs. 11,200 AFY in 1977).      
 

• Since 1976-1977 our customer population grew from 171,000 to 192,500.  And, the 
California Department of Housing and Community Development, through ABAG/RHNA60 
mandates, exerts ongoing pressure on Marin County to increase its population 
regardless of water constraints;  

 
• We have a Kafkaesque decision making process where no single party has control of the 

combined management of population growth and water resources.  The Board has no 
control on water restrictions (restricting new water hookups).  The MMWD staff does.  
But the latter has no control on related population growth that are mandated by 
ABAG/RHNA.  And, the MMWD staff views its mission as providing adequate water 
supply, regardless of water infrastructure inadequacies, to accommodate the mandated 
ABAG/RHNA population growth mandates.  Such governance decision making structure 
is a recipe for creating ongoing water crisis.        
 

Some of the above topics are covered in greater detail later within this report.   
 
When reviewing the above history, you realize that our 2020/2021 water crisis was not an 
unpredictable accident due to Climate Change; but, instead an inevitable and truly 
“manufactured” water crisis that was bound to happen.  If you eliminate or impair some of your 
water supply sources, and you attempt to boost your population without any considerations for 
water constraints, you will cause a water crisis.  It is just a matter of time.  The only surprise 
here is that it took a full 44 years for this water crisis to manifest itself.  

How much water do we need to secure a 4-year water supply? 
 
This is a question that entails several underlying issues, including:  
 

 
59 Marin IJ article: ‘Marin’s abandoned desalination plan looms over drought crisis.’  June 28, 2021.   
60 Association of Bay Area Governments/Regional Housing Needs Assessment 
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1) Rainfall, water runoff, and reservoir levels 
2) Sonoma water purchase availability 
3) Water conservation 
4) Salmon water release requirements 
5) Consumers water consumption 
6) Jacobs Engineering simulation model  

 
Rainfall, water runoff, and reservoir levels 
The relationship between rainfall and water runoff is not as deterministic as we would expect.  
Neither the relationship between runoff and reservoir levels is also not perfect.  That is because 
the reservoirs have a limited water storage capacity.  And, at times the runoff far exceeds the 
reservoirs capacity.  The limited reservoirs capacity is at the essence of our current shortfall to 
secure a 4-year water supply.   
 
At first glance the relationship between rainfall (input or X variable) and runoff (output or Y 
variable) appears quite strong as shown on the scatter plot below.  Indeed, the R Square 
between the two variables is very high at 0.95 (indicating that the correlation between the two 
is very close to the maximum of 1.00).  
 

 
Source: MMWD data water years 1975 - 2021 
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The above scatter plot indicates that whenever rainfall exceeds 50 inches per year, it generates 
runoff that exceeds the full capacity of the reservoirs (around 80,000 AF) as shown on the small 
table below that uses the regression model generated by the scatter plot above.  
 

 
 
When we look at the data more closely on an annual basis, we observe that the model is not 
quite as predictive as it first visually appears.  Below is a table of the 10 driest water years.    
 

  
 
Within the table above, you can see how in 1977 we had quite a bit more rainfall than in 2021.  
But the resulting runoff was actually lower in 1977.  During the majority of the shown 10 years, 
the regression model makes fairly large errors.   
 
If we look now at the driest periods over 2- , 3- , and 4-year periods, you can readily observe 
that we never truly had a 4-year drought.  Remember our rainfall is very volatile.  And, that 
makes it highly unlikely that we would have three or four consecutive very dry years.  
 
Below, I look at the 10 driest 1- , 2- , 3- , and 4-year periods (focusing on the average rainfall 
over the respective periods).  I set a runoff cap in any one year at 63,500 AF61.  So, any yearly 
runoff figure in excess of that is reduced to the 63,500 AF level.  This is to account that above 
such level, the runoff would most often exceed the remaining available capacity of the 
reservoirs and not increase our actual water supply.    

 
61 The 63,500 AF is somewhat discretionary.  It was originally inspired by my understanding that the reservoir 
usable capacity is at that level.  I since understand that it is a bit higher than that.  Nevertheless, the remaining 
reservoir capacity is very rarely reaching or exceeding the 63,500 level.  In other words, this cap estimate seems 
reasonable.   
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Average Runoff (AF) 

 
 
I highlight in yellow the periods around 1977 (water year) that were the driest in our recent 
history.  I also highlight in orange the periods ending in 2021 (water year), when we were less 
than 12 months away from running out of water.  As shown within the table, the periods 
around 1977 were far more precarious than the ones around 2021.  Back in 1977, at one point 
we were only 3 months away from running out of water.  This was a dire warning that our 
water infrastructure was inadequate to support our customer base back then.  Nearly a half a 
century later, this issue is still unresolved.        
  
What the above data tells us is that we have had some really dry years.  But we never had more 
than two consecutive dry years.  Invariably, given our rainfall volatility our rainfall would 
rebound after a couple of really dry years.  However, in two instances (around 1977 and 2021), 
two consecutive dry year periods left us just months away from running out of water.    
   
Sonoma water purchase availability 
Since 1976, the MMWD has entered into a contract whereby it can import up to 14,300 AF from 
the Sonoma County Water Agency (SCWA).  The latter is a water wholesaler that sells the water 
to eight different retail water agencies.  The MMWD is by far the largest among these eight 
water retailers.  
 
The SCWA derives most of its water supply from the Russian River that feeds three large lakes 
within Sonoma County: Lake Sonoma, Lake Mendocino, and Lake Pillsbury.  These three lakes 
serve as natural water storage reservoirs.  Below you can see a bit of visual data regarding the 
storage levels of those three lakes since 2013 (copied from SCWA website).      
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When observing the three graphs above, it is most interesting to focus on the short black line, 
reflecting current water levels during this Fall with the olive colored line reflecting the 2021 
Water year, when we incurred a genuine water crisis in Marin.  The two lines (black and olive 
colored) are often not that apart from each other.  However, within the largest lake, Lake 
Sonoma, the contemporary black line is a lot lower.  Within the other two smaller lakes, the 
black line is a bit higher.  However, when combining the three lakes as of now, the SCWA lake 
reservoirs are entering the current Water year at a much below average level (over the period 
since 2013).   
  
At times, based on climate considerations SCWA has mandated much lower import levels than 
the contracted maximum of 14,300 AF.  I do not have any information on these SCWA 
discretionary mandates.  However, in the future such constraints could very well be removed.  
 
Jack Gibson, former MMWD Board Member, within public forums has stated that there is a 
huge opportunity in enhancing our water supply security by capturing just a small fraction of 
the huge Russian River winter water flows that exceed 1.6 million AFY.  This would entail cost 
sharing between SCWA and MMWD on related infrastructure water projects to capture this 
water.   

Because of MMWD distribution capacity constraint, it can actually import no more than 11,000 
AF62.  The MMWD has typically imported much less water from SCWA than it is capable of 
importing (typically in the 5,000 to 9,000 AF range) due to its cost63.  The table below shows 
MMWD SCWA water imports vs. MMWD capacity to import such waters (at 10,000 AF until 
2021 when it increased to 11,000 AF).    

 
62 I got from the Grand Jury Report that the MMWD import SCWA import capacity was 10,000 AF until 2021, when 
it increased to 11,000 AF.  
63 SCWA water costs rose from $1,118 for the water year ended in June 30, 2017 to $1,364 for the year ended in 
June 30, 2021 and $1,360 for the year ended in June 30, 2022.  This information was provided by Ed Jameson who 
extracted the data from Board meetings disclosed documents.   
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The graph below shows MMWD SCWA water imports as a % of MMWD capacity to import such 
waters.  
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About half the time, MMWD imports between 59% to 79% of the SCWA waters it has the 
capacity to import.  The table below gives you more information on the complete distribution 
of these percentages.  

 

MMWD’s strategy has been to rely as much as possible on its reservoirs before purchasing any 
imported water from SCWA.  This strategy may have affected MMWD profitability (as reviewed 
within the next section on Water Conservation).  Also, it has hindered the building up of 
seasonal water reserves and the securing of a reliable 4-year water supply.  This has left the 
MMWD and its customers with water conservation as the main strategy left to survive until the 
next rainy season.  This leads us nicely into our next section on Water Conservation.  

Water Conservation 
 
Water Shortage Contingency Plan 
The MMWD is in the process of updating its water conservation strategy as depicted in the 
table below.      

    
Source: Water Shortage Contingency Plan Update.  October 21, 2022 
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According to the MMWD, using its own historical data, the plan’s mandatory conservation 
frequency is as depicted within the table below.  Since 1983, when the reservoirs were last 
expanded, the Stage 3 Shortage Level (30% mandatory conservation) would have kicked in 
three years, and the Stage 4 Shortage Level (40% mandatory conservation) would have kicked 
in just one year.  
  

     
Source: Water Shortage Contingency Plan Update.  October 21, 2022 
 
The above data is misleading because it cuts out the data in the 1970s when we experienced 
our most severe water shortage crisis.  Granted this crisis was before the MMWD reservoir 
expansion in 1983.  But, to the best of my knowledge, I don’t think this reservoir expansion 
would have prevented the 1976-1977 water crisis to trigger the maximum water conservation 
level at the 50% as depicted by the WSCP described above.  As of April 1976, the reservoirs 
must have been under 25,000 AF.  And, in April 1977, they were only about 12,000 AF.        
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Source: MMWD.  Water Supply Update.  November 15, 2022. 
 
Given the considered water reservoir trigger levels, the water conservation plan makes good 
sense.  For instance, if our reservoir levels were to drop to 35,000 AF in April of a given year, we 
would be under much pressure to achieve a 50% water conservation to ensure our water 
resources would last till the next rainy season starting 7 months or more later in the year.   
 
However, planning for our survival64 through incrementally severe water conservation effort is 
completely different than implementing a secure 4-year water supply, the main objective of the 
MMWD. 
 
Nevertheless, a water conservation plan is inevitable in the short to medium term.  This is 
because just about all the considered water infrastructure projects to secure a 4-year water 
supply will take several years before they actually produce any water65. Thus, until then, water 
conservation will be our main strategy as it has been for the entire history of the MMWD so far. 
 
Water conservation financial impact 
Water conservation has a material financial impact on MMWD operating profitability as 
depicted on the table below.     
 

   
Source: Financial Update. October 27, 2022  

 
64 Yes, you got that right.  Without water a human being does not survive beyond a few days (and most of that 
remaining time in a state of cognitive impairment or coma).  
65 Relying nearly solely on water conservation over the next half a decade or more appears rather austere.  But 
water infrastructure projects are massive, very expensive, associated with extensive regulatory compliance, and 
red tape delays.  In other words, they take a lot of time.  It is not just like turning on a big faucet tomorrow.  
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Considering a water conservation scenario of 50%, the projected operating income loss would 
increase to - $39.2 million.  And, the projected unrestricted operating fund balance as of 
6/30/2023 would be wiped out.  It actually would be negative - $3.0 million.  
 
Water as a service business model 
In order to resolve the above situation whereby increasing water conservation causes greater 
operating losses, Larry Bragman, former Board Member, has indicated that the MMWD is 
moving progressively from a business model of selling water as the sale of a commodity (the 
more you use the more you pay) to selling water access as a service (regardless of what you 
use, you will pay a set fee).  Conceptually, this does make sense.  But it does run into some 
ratepayers’ resistance.   
 
If you pay Netflix $15 a month to watch an unlimited number of hours of entertainment, you 
are pretty happy with that.  But, if you are paying the MMWD let’s say $70 in fixed charges 
even if you are using very little water, the water as a service business model is not so attractive 
from a marketing standpoint. 
 
Selling a service for a fixed price sounds great when you can use as much as you want 
(unlimited content with Netflix) vs. when you are charged a fixed price no matter how little you 
use (MMWD water).   
 
Some of the MMWD ratepayers have filed a class action suit against the MMWD levying of such 
fixed charges.  
 
The CO$T class action lawsuit 
The Coalition of Sensible Taxpayers (CO$T) has filed a class action lawsuit against the MMWD 
levying of such fixed charge fees in July of 2020.  Certain clauses of this lawsuit are informative.   
Here is a description of this suit main complaint.  
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This issue of generating a substantial % of revenues from fixed fees vs. water sales is sensitive 
and critical.  There is little doubt that the MMWD will have to raise such fixed fees substantially 
for two reasons: 
 

1) First to shore up its current fragile operating profitability (in the face of ongoing water 
conservation) and maintain or regain its Muni bond AA rating; and  

 
2) Second to service the upcoming debt associated with large bond issuance to finance the 

prospective water supply infrastructure projects.  
 
Given the CO$T class action lawsuit, MMWD will have to tread very sensitively on how best to 
structure the tiering of such fixed charges.  
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Water Conservation vs. Inventory Management 
The MMWD has so far limited its purchase of SCWA water as much as possible to limit its cost 
of purchased SCWA water.  As mentioned earlier, it runs at about $1,360 per AF.  And, it is 
much more expensive than the water gathered by the MMWD reservoirs.   
 
However, this water resource and financial strategy runs into constraints by impairing MMWD 
operating profitability as reviewed earlier within the section on “Water conservation financial 
impact.”  
 
For any business that sells units, it is pretty challenging to maintain an adequate profitability if 
it forces its customers to reduce their purchases by – 20% to – 50% (water conservation).  
 
From an operating profitability standpoint, it makes sense to purchase additional units at a 
higher cost instead of reducing sales.  That is true as long as the cost of any extra unit is lower 
than the price you can sell that unit for.  That is the foundational concept of microeconomics.   
 
With water there is an additional complication.  When the MMWD purchases an extra 1,000 AF 
of water in May, it could result in an extra 1,000 AF of water that overflows in December as 
rainfall may have exceeded the MMWD reservoir capacity (a frequent occurrence).  In such a 
case, the 1,000 AF associated with a purchase price of $1.36 million was truly wasted.  
Otherwise, the purchase of 1,000 AF would have extended customers water availability by close 
to 20 days (assuming a 20% conservation level). 
 
The above trade-off is an inventory management issue.  And, it is an optimization problem.  
What level of inventory (number of units) you should buy in order to maximize the sustained 
profitability of your enterprise.  This inventory management issue is most common in the 
supermarket business that sells perishable fresh produce (fruits and vegetables).  
 
How many bananas Trader Joe’s (TJ) should buy?  TJ has to factor the waste (bananas are 
perishable), cost, sales (customers’ demand), and profit on each banana to come up with the 
optimized inventory level of bananas it should maintain.  Obviously, there is much uncertainty 
around some of the estimates.  So, practitioners of inventory management may end up 
developing a Monte Carlo simulation model to run such optimization. 
 
Within the above paragraph, if you replace Trader Joe’s & bananas with MMWD & water, you 
get a pretty good idea of the water inventory management concept.  
 
Let’s go through a few basic calculations to move down the path of water inventory 
management.  
 
So, the MMWD cost of SCWA water is about $1,360 per AF.  
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I estimate the MMWD revenue per AF at about $2,505 as calculated below66:   
 

    
 
Given the above, what % of purchased SWCA AF could the MMWD “waste” and still reach 
breakeven vs. a water conservation strategy that would forego related water sales? 
 

1) First, we have to figure our Unit profit. 
 

Unit sales price – Unit cost = Unit profit  
 
$2,505 - $1,360 = $1,145 
 

2) Next, we have to figure the % of wasted AF we could afford and still reach breakeven. 
 

Unit profit/Unit sales price = Unit % wasted to reach breakeven.  This is also called our profit 
margin. 
 
$1,145/$2,505 = 45.7% 
 

3) Third, we have to double check, that we indeed breakeven.  
 
Unit sales price x (1 - Unit % wasted) = Unit cost 
 
$2,505 x (1 – 45.7%) = $1,360 
 
As shown a 45.7% of wasted purchased SWCA water is a huge safety margin to play with.  And, 
any much lower wasted % means the MMWD would be better off purchasing the extra SCWA 
water instead of enforcing water conservation.    

 
66 In public forum, Larry Bragman, Board member, has indicated that 70% of MMWD ratepayers fall within the Tier 
1 level.  Next, I assume that 70% of the ratepayers above Tier I would fall into Tier 2.  And, that 70% of the 
ratepayers above Tier 2 would fall into Tier 3.  Even though this estimation is by definition not accurate, it is most 
probably close enough to be directionally representative of the actual Tier % mix of MMWD ratepayers.    
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Next, let’s explore different scenarios by sensitizing the % of wasted AF (that we purchased 
from the SCWA).  
 

 
 
As shown on the table and graph above, the profit per purchased SWCA AF can be substantial 
even with a material % of wasted AF.  For instance, even assuming a 25% wasted percentage 
the MMWD would reap a profit of over $500,000 when purchasing 1,000 AF from SWCA instead 
of conserving this additional 1,000 AF.    
 
The above amounts to a huge amount of monies the MMWD leaves on the table by focusing 
solely on water conservation (minimizing AF purchases from SWCA) instead of inventory 
management (optimizing SWCA purchases to sustain profitability).   
 
Salmon water release requirements 
One of the source documents for this section is the Adult Salmonid Monitoring in the Lagunitas 
Creek Watershed 2020 – 2021.  September 2021.  On page 3 of this document, it describes the 
water release requirements.  
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Below, I translate what these water release requirements mean in terms of acre feet per year 
(AFY).  

 

As calculated above, our water release requirements are 10,604 AFY in normal years and 8,961 
in dry years. 
 
As shown below when looking at the historical data, MMWD has often released much more 
water than mandated.  And, that has affected our water resources security.   
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Within the above table, I used my own judgment to define the dry years.  I typically considered 
a dry year any year that had less than 36 inches of rain and less than 32,000 AF in runoff.   
 
The above table tells you two things.   
The first one, as mentioned, is that the MMWD does often release much more water than 
mandated.   
 
The second one is that the MMWD releases much more water than mandated during the dry 
years vs. the normal years.  The table below confirms that there are extremely strong negative 
relationships or correlations between water release and either runoff or rain.  In plain English, 
the dryer it gets the more water we release.     
 

 
 
The strong negative relationships between water release and runoff or rain suggests that the 
MMWD has prioritized the intermittent survival of about 600 salmons (in average per year)67 
over the survival of its 192,500 customers.   

 
67 To provide a bit of perspective, the wild salmon population at Lagunitas Creek represents only about 0.1% of the 
wild salmon population on the West Coast and Pacific Northwest (Source:  NOAA Fisheries).  The salmons at 
Lagunitas Creek fate over the long term is not good.  Our local waters are slowly warming up due to Climate 
Change.  Over time this will cause this salmon population to dwindle regardless of how much water the MMWD 
diverts to support this population.  Also, the US consumes per year about 62,000 metric tons of domestic Pacific 
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More specifically, the MMWD released over 7,000 AF in excess of regulatory mandates during 
the 2020 – 2021 two water year period.  This exacerbated the water crisis over that period.  The 
mentioned 7,000 represented about 1/3 of rate payers water consumption per year when 
factoring about a 20% conservation rate.  In other words, if not for the excess water release 
MMWD reservoirs would have had an additional 7,000 AF as of July 1, 2021, or about 42,209 AF 
instead of 35,209 AF.  And, this would have extended the supply for consumers’ water 
consumption by a full 4 months.  When you are facing running out of water, these 4 months 
make a huge difference.        
 
Consumers water consumption 
See table below depicting MMWD water consumptions since 199668.  
 

 
wild salmons (source: The Great Salmon Run: Competition between Wild and Farmed Salmon.  Pg. 124.  
https://iseralaska.org/static/legacy_publication_links/greatsalmonrun/SalmonReport_Ch_8.pdf 
68 My figures for consumer water consumption in gallons per customer per day were simply derived by dividing the 
total consumer water consumption by the total number of customers divided by 365 to arrive at a daily figure.  The 
resulting consumer water consumption, as calculated, most probably differs a little bit with internal MMWD 
figures for the same data.  However, I intuit that our figures are directionally pretty close.  
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See below the time series graph focused on the consumer water consumption in gallons per 
customer per day.  
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From 1996 to 2008, consumer water consumption in gallons per day was most often between 
140 to 160 gallons per customer per day.  Ever since it progressively declined due to increasing 
water conservation efforts.  Because of the water crisis in 2020 – 2021, water conservation was 
accelerated during the 2022 water year.  And, consumption now is down to 95 gallons per 
customer per day.  This is by far a record low over the reviewed period. 
 
Combined look at water sources and water uses impact on reservoir levels 
 
The table below looks at water sources and uses going back to1987 (water years ended June 
30).  In order to complete these time series, I had to extend back in time several of the sources 
and uses.  And, I did that by simply calculating the average of the more recent actual historical 
data.  And, using such calculated averages to generate estimates going back to 1987.  You can 
see where I used the averages, as they are disclosed within the green zone.  
 
The reservoir level is the most accurate and robust part of this data set.  The amount of AF we 
got from rain is calculated so that the beginning reservoir levels + water sources – water uses = 
ending reservoir level69. 
 
Given the above estimation, the historical data affected by the green zone is not accurate.  But I 
venture that such time series is still directionally representative and informative.  That is 
especially true considering that the data is well anchored by the beginning and ending reservoir 
levels.    
 

 
69 Given these calculations, the estimated AF I calculated from rainfall is different than MMWD data.  But my 
calculations are consistent with the beginning and ending reservoir levels, which is the most robust data variable 
within the whole data set.  
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The above data discloses that in the majority of the years, MMWD may have released more 
water for the fisheries than it imported from Sonoma (SCWA).  That is even though it is 
authorized to import more water from SCWA than it is mandated to release for the fisheries.  
As mentioned earlier, MMWD has typically released more water for the fisheries during dry 
years than otherwise.  These combined strategies (low SCWA water purchases & high water 
releases) have rendered our water supply situation precarious.  And, it has put pressure on the 
MMWD customers to conserve more than otherwise, as pretty much the main mean to get by 
until the next rainy season. 
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What would have happened if the next rainy season from July 1st, 2021 to June 30, 2022 would 
have been not so good.  That is what the table below explores.    
 

     
 
The table above indicates that if the 2022 water year had been as sparse as the 2021 one, the 
reservoir level would have dropped by another – 28,090.  And, the reservoir level would have 
decreased from 35,209 AF on June 30, 2021 to only 7,119 AF on June 30, 2022.   
 
The table shows another nine years that would have put us in a pretty vulnerable position by 
June 30, 2022.  Thus, the pattern in 10 out of the past 36 years would have been associated 
with further pressure on our water supply.  This would have translated into increased and 
ongoing pressure in water conservation.  However, as reiterated throughout this report water 
conservation is not the same as planning for and securing a reliable 4-year water supply.  As 
covered earlier, water conservation not only is rather uncomfortable for MMWD customers, it 
also puts the MMWD operating profitability under much strain.  
 
I did not have enough of the historical data to do a scenario with the 1976/1977 water years.  
But there is no doubt that this period if replicated after June 30, 2021 could have quickly wiped 
out our reservoir levels unless we would have undertaken a genuinely dramatic conservation 
effort as I understand we did experience at the time70.  
 
Back in 1976, the 171,000 customers from the MMWD undertook an unheard off 57% water 
conservation.  Life as we know it was dramatically disrupted (taking showers and flushing toilets 
became scarce activities, landscaping became inexistent).  Yet, that was not good enough.  The 
MMWD still faced running out of water within 120 days.  This situation was far worse than our 

 
70 Matt Samson, Board Member, indicated in several public forums that during his childhood his family was living 
from one water bucket to the next.  I understand that this experience combined with what we went through in 
2020 – 2021 motivated him to join the MMWD Board.  I remember him stating in a public forum “In risk 
management, you have to plan during the good times, not during the bad times… By then, it is too late.”   
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water crisis back in early 2021, when we faced running out of water in 12 months, and we 
undertook a 25% water conservation effort.   
 
The graph below shows how the 1976/1977 situation was actually far more severe than the 
2020/2021 one.  
 

  
Source: MMWD.  Water Supply Update.  November 15, 2022.      
   
Modeling our water need to secure a 4-year water supply 
 
Inputs and assumptions 
I constructed an artificial 4-year hydrology history that consisted of four consecutive very dry 
years on a relative basis.  These are the water years of 1976, 1977, 2020, 2021.  This is similar to 
how Jacobs Engineering constructed their own model71.  Notice that within our historical data 
going back to 1888 we never had four consecutive dry years as specified in this scenario. 
Invariably, after two or three years, the dry trend breaks72.  And, we have an upward mean-
reverting year with adequate rainfall to refill our depleted reservoirs.  In view of that, this 

 
71 Jacobs Engineering calls it its stress test Scenario 2 that has the most severe outcome in terms of rainfall.  They 
use the years in a different sequence (2020, 2021, 1976, 1977).  I use them in chronological order to actually get 
the bad news first (1976-1977 combined was far worse than 2020 – 2021). 
72 That is actually the very positive side of Marin County’s rainfall volatility.  Rainfall levels do not remain way 
below par for more than two consecutive years.  They typically bounce right back up.  
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constructed scenario can be considered as a very worst case scenario providing a good 
foundation for estimating how much additional water we need to secure a 4-year water supply.  
 
So, here is the constructed hydrology history:  
 

 
 
Next, in terms of customer population growth and gallons per customer per day (GDPCD), I 
used the figures from the document “Strategic Water Supply Assessment: Conservation” August 
2, 2022 from MMWD. 
 

 
 
As a caveat, the above MMWD customer number projections were imposed by ABAG/RHNA.  
As covered within the Demographic section, the growth in customers is completely divergent 
from all the reviewed demographic trends and forecasts (from DRU).  In summary, it seems way 
too high.  
 
On the other hand, the MMWD assumptions of ongoing increasing water conservation appear 
aggressive, especially given that the brunt of the conservation will fall on residential customers.  
Is it truly that desirable to forego adequate residential landscaping to save more water?  When 
doing so impairs the aesthetic of our homes and quality of life for residential customers; and, it 
may also increase our fire risk.  
 
The two above factors, fast customer growth combined with aggressive conservation 
assumptions, counter each other.  In turn, this accidentally may render the combined forecast 
reasonable.    
 
The table below outlines that the ABAG/RHNA rapid customer growth over 2020 level is in good 
part countered by the MMWD water conservation effort over 2020 level associated with 124 
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GPCD73.  As shown, these two causal factors somewhat neutralize each other.  And, regardless 
of the rising number of customers, the resulting customers consumption in terms of water AFY 
remains fairly stable, or does not increase that much.  
 

  
 
Other assumptions:  
Sonoma (SCWA) purchased waters: 7,000 AFY 
Water release for fisheries: 11,000 AFY  
Evaporation: 4,700 AFY (pretty close to long-term average)  
 
For Sonoma (SCWA) water purchases, I assumed that drought condition would also affect 
SCWA.  And, that in turn it may curb the amount of water MMWD could purchase from SCWA.  
The 7,000 AFY is pretty conservative.  However, it is equal to MMWD average purchase over 
the 1996 -2022 water years.  Also, during the 2021 and 2022 water years before the major rains 
we got in October and December of 2021, MMWD was still able to purchase 7,723 AF during 
the 2021 water year and 8,896 AF during the 2022 water year.  
 
The water release for fisheries at 11,000 AFY reflects the average over the 2014 to 2022 water 
years period.  It is just a bit above the mandate during regular years (10,604 AFY).  This is a bit 
of a conservative assumption on the high side, which gives the MMWD a safety margin to play 
with.  If the situation got dire, the MMWD could opt to reduce water release to 8,961 AFY, the 
mandated level during dry years.  
 
Regarding reservoir levels, I assume they start from a full level at close to 80,000 AF but with 
only about 70,000 usable AF.  And, that over the 4 very dry years the reservoir levels drop to 
10,000 AF or 0 usable AF.  
 
Output 
In view of the above inputs, the extra AFY needed to secure a 4-year water supply would peak 
in 2030 at 8,448 or roughly 8,500.  
  

 
73 Gallons per customer per day.  
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If we sensitize the SCWA water purchase variable from 6,000 AFY to 8,000 AFY we get the 
following results.  
 

 
 
Additionally, if we sensitize both the purchased SCWA water levels and the water release using 
2030 as the peak year, we obtain the following outcome.  
 

 
 
For the water release assumptions above, I show three different levels: 
 

1. 8,961 AFY is the mandated level during dry years; 
2. 10,604 AFY is the mandated level during regular years; 
3. 11,000 AFY is close to the representative average the MMWD has released over the 

2014 to 2022 water years period. 
 
In view of all of the above, if one wanted to come up with an acceptable added AFY supply 
range, it would be in the 7,500 to 8,500 range, with 8,500 as the desirable level to render our 4-
year water supply that much more resilient.   
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What to do until we secure our 4-year water supply?  
One thing to keep in mind, is that based on the projections we really do not have that much 
time to raise the 8,500 AFY.  2030 is only 7 years away.  It may be challenging to increase our 
water supply infrastructure by that much by 2030.  
 
In order to survive until such time, we have three mentioned strategies:  

1) Continue ongoing water conservation.  Just a 10% conservation effort generates nearly 
2,600 AFY;  

2) Reduce excess water release over historical practice.  This is especially true during dry 
years.  Over the 2014 – 2021 water year period the average excess release was 1,176 
AFY; 

3) Purchase more water from SCWA to shore up our water reservoir levels.  That could 
easily increase our water supply by 1,000 to 2,000 AFY.        

     
Comparison with Jacobs Engineering (JE) simulation model 
The good news is that we have converged towards a common range of needed extra AFY (7,500 
to 8,500) to secure a 4-year water supply.   
 
Until just a couple of weeks ago or so, I was modeling this needed supply in the 9,000 to 10,000 
AFY range and JE was at the 6,500 – 7,500 AFY range.  Thus, at the time there was a huge 
difference between the two of us.   
 
So, what happened?  Why did we converge now?  
 
On my side I realized that I was constructing a range of scenarios that were way too 
conservative.  I formerly assumed that one record bad year could occur in the remaining three 
consecutive years.  I also assumed that the usable MMWD reservoir level was only 63,500 AF 
instead of 70,000 AF74. 
 
How about on JE’s side, how did they raise their estimated additional supply needed by 1,000 
AFY?  I have no idea.  JE did not disclose any information regarding their opaque simulation 
model75. 
 
Even though JE and I arrive at the same end point, JE’s model in absence of any disclosure raises 
several concerns.  
 

 
74 I understand the 63,500 AF reflected an earlier assumption from the MMWD.  
75 During this fall, I first casually asked the former Board and MMWD Management for the related data to attempt 
a model validation of JE’s simulation model.  I got no response.  Next, I filed a public request for information act 
with the MMWD.  After much exchange of legalese over several weeks, I did not receive any information on the 
mentioned model.  
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The slide above presented in the Board package of December 13 has a couple of typos.  The 
scenario depicted is not Scenario 3, it is Scenario 2 (2020, 2021, 1976, 1977).  Also, even when 
correctly labeled, JE should not call this a short drought as this would be the most severe 
drought over four consecutive years.  There is nothing approaching this scenario within the 
rainfall data going back to 1888.  That is one factoid that both JE and I agree upon.    
 
More importantly, JE simulation model suggests that the MMWD customers could get by 
withstanding such a severe 4-year drought with no additional supply whatsoever.  After four 
years, we still would have 10,000 AF in our reservoirs.  This scenario is not impossible.  But you 
have to understand it would entail that customers would have to conserve at the 50% level 
over a good part of this 4-year period to survive.  Ask anyone who lived through the 1976 – 
1977 drought when such conservation levels were mandated, how sustainable they thought 
that lifestyle was.  However, as a picture of how bad could things get this is ok … as long as you 
truly understand the sustained water conservation effort it would require to live through such a 
4-year period.  
 
Next, let’s focus on the scenario outcome showing the reservoir levels during the 4-year 
drought period with the added 7,500 – 8,500 AFY in extra supply.  
 



 81 

      
 
See how the yellow highlighted would very much replicate regular seasonal reservoir water 
levels.  The reservoirs would never have less than 50,000 AF, way above the 30,000 storage 
operational limits. 
 
Within my model, I simply assume we achieve the water conservation that the MMWD has 
projected out to 2045 without layering in extra conservation associated with the Water 
Shortage Contingency Plan (WSCP).  Given that, I model extra supply needed so by the end of 4 
years, the reservoirs still have 10,000 AF (minimum level that is not readily pumpable).  Given 
that, the JE output indicates that with the same extra supply level, it would maintain reservoir 
levels at 50,000.  That’s 40,000 AF above my 10,000 AF at the end of 4 years.   
 
The way to explain the huge difference between the two models is that the 40,000 AF 
difference would come with additional water conservation efforts (associated with WSCP).  
And, that effort would be humongous.  We would have to save 10,000 AF per year or close to 
38% vs. the baseline level in 2020, and even more than that when our customer population 
increases (if it does).  This has several underlying implications.  The first one is that as conveyed 
and modeled, JE does not show a 4-year water supply output.  It really shows a forever-water 
supply that could withstand a forever-drought.  The reservoirs never get depleted to below 
50,000 AF (which is a very high floor for a forever-drought).  The second implication is that this 
would make it unlikely the MMWD could maintain its financial solvency under such a constant 
and robust water conservation effort76.  The third implication is that as depicted, the output of 
JE simulation model relies actually much more on water conservation (an extra 10,000 AFY) 
than extra water supply (7,500 to 8,500 AFY).    
 

 
76 Check the Marin IJ cover page article “MMWD weighs boost in rates” of December 15, 2022 and also the MMWD 
Water Rate Study Overview, December 12, 2022.  Both of those information pieces convey the MMWD very 
serious financial solvency issues due in good part to our ongoing strong water conservation efforts.  
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Selection of water projects that would meet our water supply needs 
 
Before jumping into this topic, there are a few caveats and considerations I need to disclose.  
 
1st Caveat: Class 5 Estimates 
I believe after 9 months of working on project specifications, JE is still providing Class 5 
Estimates.  Below I am sharing information from AACE International77 on what this means.  
 

 
 

 
77 AACE International is The Association for the Advancement of Cost Engineering. Together with the AACE 
International Certification Institute, it serves over 10,000 members and certificants in 100 countries. Cost 
Engineering is a field of study using integrated means and methods to enable sound decision making in enterprise 
asset management.  AACE is the publisher of Cost Engineering, a bi-monthly technical journal, Skills and Knowledge 
of Cost Engineering (currently in its 6th edition), Source magazine (a bi-monthly magazine), 20 different AACE 
International Professional Practice Guides, approximately 80 Recommended Practices, and its most comprehensive 
publication, the Total Cost Management Framework: An Integrated Approach to Portfolio, Program and Project 
Management.  
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In plain English, Class 5 Estimates are the vaguest estimates within the industry.  Their range of 
uncertainty is the widest running from potentially half to double the estimate specified.  For 
instance, if JE estimates the cost of a project at $200 million, given that it is a Class 5 Estimate, 
the actual cost of the project could range from $100 million to $400 million.  That is an 
unusually wide range that does not allow the MMWD to truly move forward in raising bond 
financing for such projects78.    
 
For months, JE would disclose just about on every relevant slide that their estimates were Class 
5 Estimates.  Then, it abruptly stopped disclosing the actual Class of such estimates.  I intuit that 
if JE’s estimates would have been associated with progressively more precise specifications, it 
would have disclosed that such estimates would have graduated to Class 4, then Class 3, etc.  It 
never did.  In the absence, of such information, one can only presume that JE’s estimates 
specifications are still stuck at the Class 5 Estimate level. 
 

 
78 Indeed, the MMWD could not approach its investment bankers and request that they may raise an unspecified 
amount of financing that could range from $100 million to $400 million.  The mentioned investment bankers would 
readily convey to the MMWD “call us when you know what you need.”  
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2nd Caveat.  Cost of Desalination 
Many MMWD rate payers79 have raised issues with JE desalination cost estimates appearing to 
be way too high.  Often as benchmarks, people refer to the Antioch and Doheny desalination 
plant.  As a comparative benchmark, I decided to focus solely on the Doheny plant80 for three 
reasons: 
 

1. It uses salt water and not brackish water like Antioch.  Brackish based desalination 
plants are a lot cheaper.  And, JE’s Petaluma brackish water desalination plant seems 
reasonably priced.  Here, I am focused on the salt water plant associated with 
unexpectedly high price tags by JE.  
 

2. Doheny is a 5 mgd plant with a direct comparison with one of JE’s desal plant (Antioch 
is a 6 mgd plant). 

 
3. Doheny plant was just cost specified and approved at a capital cost of $140 million.  

The Antioch plant was built several years ago when the PPI was at lot lower than it is 
currently.  

 
Below, I use my transparent model structure to compare JE’s cost estimate for a 5 mgd 
desalination plant vs. the Doheny plant of the same size.  
 
For the Doheny plant I estimate Annual O & M costs twice.  The first time (Est. A) I just use JE’s 
average figure of $12.5 million.  The second time (Est. B), I prorate such annual costs by the 
respective capital costs of Doheny vs. JE’s.  Thus, $12.5 mm x 140/260 = $6.73 million.   
 

 
 
As shown above, and as estimated the Doheny plant is associated with $/AF that are 
substantially lower than JE’s estimates for a similar sized desalination plant.   
 

 
79 Ed Jameson mentioned this issue in several Board meetings.  He has a very technical background including a 
degree in engineering, an MBA, and a long career in finance at the CFO level.   
80 For references check the article: Doheny desalination plant in Dana Point clears final regulatory hurdle.  
December 9, 2022.  The Orange County Register.  https://www.ocregister.com/2022/12/09/doheny-desalination-
plant-in-dana-point-clears-final-regulatory-hurdle/   
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Jacobs Engineering still not providing any clarity on the issue 
I attended the Board Meeting of December 13, when JE shared their most recent updates, in 
terms of project selection, here is what they proposed.  That’s after JE has worked for 10 
months on this consulting project.    
 

   
 
Board members asked about AF yield and cost specifications, JE responded that they had done 
that already in other presentations81.  Invariably, JE does not aggregate together the facts 
needed for MMWD Management and the Board to make any decisions on how to move 
forward regarding securing additional water supply.  
 
During this same Board meeting, JE’s presentation shared more disclosure regarding different 
portfolio approaches.  But, JE’s opaque presentations’ spirit since the onset of this project back 
in March is humorously captured by the Marin IJ cartoonist back in October.  
 

 
81 They had shared yield and cost specifications for different projects in two separate presentations on September 
13 and October 25.  The two presentations use at times different names to identify the projects, making it difficult 
for the readers to follow.   
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In any case, I spent several hours just about losing my eyesight in an effort82 to gather together 
the information necessary to make project selections.   
 
$ per AF is main selection criteria given MMWD’s financial situation 
Given the dire financial situation of the MMWD and the staggeringly high costs of most of the 
water supply projects, my overriding criteria was cost or more precisely $ per AF.  This 
approach is the most realistic one when considering associated bond issuance to finance these 
large water supply infrastructure projects.  When you acknowledge such financial constraints, 
there are a whole set of water supply projects that immediately fall off by the way side.  These 
included all the water reuse and recycling options.  In theory, they are most attractive.  But, 
their $costs per AF were invariably way higher than other more competitive options.  This was 
true also of all the desal proposals that did not rely on brackish water.    
 
Promising projects 
After studying the options, I found several ones of interests.  They are shown below.  For the 
Feasibility and Reliability ratings, I used the same scale as JE.  1 is the best, and 5 is worst.  
  

   
 
You can more clearly read this table within the workbook Project Selection.xlsx\Selection.   

 
82 JE’s related data as shown earlier is just about unreadable.  You have to magnify the info, stare at your computer 
screen from just a couple of inches away to have a chance at extracting the info you need.  
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The above table just captures JE’s data.  For the surface storage enlargement option that 
aggregates the enlargement for three different reservoirs, I also split this option three ways at 
the reservoir level (Soulajule, Nicasio, Kent).  I just prorated everything in proportion to the 
respective reservoir storage capacity. 
 
Just reviewing the above data, I have a few reservations.  How can an option with no capital 
cost and no operating cost have an actual $cost per AF.  See documentation of this error on the 
relevant section of one of JE’s slides below.   
 

 
 
Also, I was surprised on how long the timing is to expand the reservoirs (from 8 to 12 years)83.  
Timing for the EBMUD intertie also seems long (4 to 7 years).  On the other hand, the timing for 
the Petaluma brackish desal at 4 to 7 years seems short.  Regarding Reliability, I was surprised 
the Petaluma desal was rated 3 instead of 1.  Regarding Feasibility, the reservoir enlargement 
rated 3 seemed low.  I was expecting 1 or 2.   
 
I’ll let others with the commensurate expertise render an informed judgment on the above 
considerations.  I am just raising the questions.   
 
Factoring and disclosing bond financing costs 
The next thing I did is to recalculate the $/AF for each of the options.  When doing so I factored 
the actual yearly bond financing cost, splitting principal and interest payments.  I used a 40 year 
term84 for the bonds, and a 4.00% Muni bond rate.  Next, I just summed up those bond 
financing costs with JE annual O & M costs to get the total cost for a specific project.  And, 
dividing this total cost by the number of AF gave me the $/AF.  
 

 
83 As a single time estimate, I used an in-between figure that is conservatively closer to the long-end of the range. 
Between the short-end and the long-end of the range I took the 70th percentile instead of the Median or average. 
84 This seems extremely long for any bond investment.  But, the 40 year term is the term used for the existing 
MMWD bond outstanding.  
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When focusing on the different calculations, disaggregating the bond financing costs made a 
material difference.  In terms of overall $/AF costs, the projects do rank in different orders 
depending on what calculation you use.  
 

    
 
JE used a 30 year term and a 3.00% interest rate.  Meanwhile, I used a 40 year term and a 
4.00% interest rate.  The combination of JE’s shorter term combined with a lower interest rate 
would generate a financing cost that is not all that different from mine.  The difference in the 
resulting $/AF between the two of us is due to other unknown discrepancies.  My calculations 
are pretty transparent and straightforward.  See Project Selection.xlsx\Selection.  JE’s 
calculations are not disclosed. 
 
Project selections.  Four options.  And, three appear pretty good.  
Next, I combined the following projects into four different options that would satisfy our 4-year 
water supply needs.  They are shown below.  
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The reason I show Option 4 is to structure an option with the EBMUD intertie.  The MMWD has 
already a huge amount of sunk costs associated with this project.  And, it may want to proceed 
with it.  However, as shown selecting the EBMUD intertie materially increases the overall $/AF 
for the combination of projects necessary to boost our water supply accordingly.  
 
When reviewing the four options, the first three appear to be the favorites.  They raise enough 
water.  They do it most cost effectively.  Giving them a closer look including qualitative factors, 
they are really pretty close on most dimensions.  
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All three options are associated with overall $/AF that are much under what the MMWD earns 
per AF at around $2,500.  


