
Case study on the Sacramento-San Joaquin Delta.  A venue about 60 miles from 
Berkeley, conduit for much of the water transferred through the state, a disturbed 
and artificially-created landscape, it is home to productive agriculture and 
battleground for many environmental issues challenging the State of California 
relating to sustainable land management and land use, fish, water, agriculture, water 
quality and recreation.

1



Because California has a Mediterranean climate with long dry summers, it has the 
potential to have productive agriculture, given water can be transferred from the 
mountains and rivers to the farms, up and down the state.  Our unique situation 
enables us to grow +90% of certain nuts and fruits like almonds, walnuts, apricots, 
pomegranates, as well as some of the best wine in the world.
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This is a must read book if you are interested in the development of water and water 
transfer systems in California.  It tells of the heroes and villains and those sacrificed 
for the greater good.
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Before the development of water projects, growth in California was limited by 
available water.  Most farmers collected their water to sustain them through the year
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Growth in California is tied, if not highly dependent upon the state and federal 
water projects that created infrastructure for water storage and transport across the 
state.
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For perspective, drive around the country side and notice and look at the old 
farmsteads.  In essence they were self sustaining and due to the Mediterranean 
climate, with no summer rain, had to store their water. All these homes had iconic 
water towers. Sadly many are in disrepair.

http://winwithwynne.wordpress.com/oil-paintings-of-tank-houses-in-solano-county-
ca/
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Snow in the Sierra Nevada runs off and is stored in many of our reservoirs (Shasta, 
Oroville, New Melones, Hetch Hetchy).  Much of this water flows out to the sea and 
passes through the delta.  Pumps near Tracy siphon this water into canals associated 
with the California Aqueduct and Delta Mendota canals. This water is pumped south 
and up hill to supply vast agriculture in the San Joaquin Valley and over the 
Tehachapi mountains to Los Angeles.
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Here are some of the major canals that transport water across California.  The Hetch
Hetchy brings water to San Francisco, gravity fed.  Canals south of the delta must 
pump water Up Hill, against the direction of flow of the parallel and meager San 
Joaquin River
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Not only is water pumped uphill from the Delta through the San Joaquin Valley, that 
which goes to Los Angeles must be pumped over 2000 feet, one of the highest lifts 
in the world.
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Yet we can claim the costs are worth it.  I claim much of what is California is 
possible by the fruits of the water projects, including UC system.  Water enabled the 
population to grown, economy to foster.  The fine weather we love is why we need 
water projects, as we don’t get rain when we need it.
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This brings us to the story of the delta, the central pivot point of the California water 
transfer system
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Bay Area and Delta Watershed comprises 40% of the States area and 2/3 of the 
States drinking water.  Intersection of Sacramento and San Joaquin Rivers
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Chesapeake watershed is 64000 sq miles



The Delta is a great case study on environmental management and decision making.  
It has multiple stakeholders, each with contrasting desires and needs for its water
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Use of the Delta has led to environmental problems and sources of conflict among 
various stakeholders
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The delta is a case study for other deltas in the world who are facing problems from 
overuse.

Home to 0.5 Billion people; 85% of deltas experiences severe flooding; Pink below 
sea level
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The Geological history is quite recent, past 10,000 years or so since the end of the 
ice age.  Sea level rose about 120 m over this time. The delta is at the confluence of 
two rivers on a former inland sea, so the land is basically flat.  Historically this land 
was flooded and vegetated by wetland plants.  Flooding inhibits decay, so as the 
plants died peat would form.  The peat could accumulate as the sea slowly rose.  
Over time about 10+ m of peat formed.
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This ecosystem is highly productive for the reasons noted above.
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Example of peat formation. Flooding inhibits decomposition
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Example of cross section of land prior to development.  River channels were 
bounded with large tule wetlands.
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Today, you can dig a hole and near the water table find un-decomposed tule corms 
and peat that is thousands of years old
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Mapping of peat age with 14C determines it to be 3000 to 5000+ years old
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Technology and history led to the development of the delta.  The gold rush brought 
new numbers of settlers to California. Most passed through the Delta on their way 
from the port in San Francisco to the foothills of the gold country.  Many did not 
find fortune and many had farming backgrounds.  The more visionary knew the 
delta could be drained and yield rich productive soils.  The first developments 
depended on manual labor. This come on the backs and hands of Chinese laborers 
who first came to California to build the trans national railroad.  These manual 
levees readily failed.  So the next innovation was the clam shell dredger. Finally, 
new generation of tractors needed to be developed to cultivate the land. Benjamin 
Holt developed the track layer tractor, which helped reclaim much of these lands.  
This technology led to military applications in World War I in the form of tanks.
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Exposure of peat soils to air is causing rapid decomposition and subsidence
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View from the Antioch bridge.  See how the water of the San Joaquin river is much 
higher than the land on Sherman Island
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Evidence of subsidence can be shown looking at the base of the power transmission 
lines that were built in 1910
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This is the power line that supports my methane sensor. In this case they had to 
support the pole with a brace.
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It is amazing to see freighters fly by when you are out in the field. This is a very 
dramatic view and proof of wholesale soil subsidence
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These soils are rich because they have high organic matter and supply nutrients to 
plants as the organic matter mineralizes. We find we don’t have to fertilize our rice 
because the soils are so rich.

Peat is up to 15 m deep on the western side of the delta.
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The rate of subsidence has decelerated with time. When the delta was first drained, 
the most labile peat decomposed first and fastest. In early years we lost several 
inches of soil per year.  Most of the subsidence is due to oxidation (decomposition). 
Other sources are wind erosion, compaction and fire.
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Data on subsidence at different islands
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One thing we want to do is to try and solve environmental problems, rather than be 
Cassandras who only cry about problems everywhere.  One plausible solution is to 
restore wetlands.  Here is an historical picture of the Delta from 1907.  My Italian 
immigrant grandfather and step-grandfather came to California during this time and 
started farming in this region.
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What were conditions like before the Delta was developed?

We’ve been making carbon dioxide and methane flux measurements over the delta.  
From a levee on Sherman Island we can sniff the primordial wetlands of Sherman 
lake. Granted they may not be like the interior delta because they are built on 
sediments that have flowed down the Sacramento and San Joaquin rivers.  Never the 
less they remain and undisturbed wetlands and merit study.
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We conducted a commando raid a few years ago to measure methane emissions 
from these tules. The area is highly tidal and the water level can go up and down a 
meter or so, draining and inundating the land and vegetation.
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Our data over the wetland was spotty because our instruments were stolen. But you 
can see the wetland respires little at night, while the respiration of the drained 
peatland is quite large.
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In this class we need to understand how to become good environmental stewards. 
We need to be aware of the scope and causes of environmental problems, to be 
aware our health and happiness are tied  to the state of the environment, not to take 
it for granted, be aware of possible solutions and be aware of the unanticipated 
consequences of solutions.
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Comparison of different wetlands and ecosystems as sinks for carbon.  Freshwater 
marshes are much greater sinks that iconic forests and ag lands
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Wetland ecosystems with a great potential to sequester carbon have the potential to 
be large sources of methane..
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We are trying to study the impacts of ecological restoration and business as usual 
land practices.  The delta is a special place for me. I grew up on the edges of the 
delta and my family farmed on Sherman and Liberty Islands. 
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We are studying 3 landscapes that are business as usual, pasture, corn and alfalfa, 
and 3 flooded options,  a newly restored wetland, an old pilot project and rice.

42



The pasture raises interesting challenges towards flux measurements. On one hand it 
is the most perfect site I have ever worked on. Table top flat, strong, steady winds 
from the west, huge fetch for the air and land to come into equilibrium over fairly 
uniform vegetation.  But for microbially-generated trace gases it is quite 
heterogeneous.  We have cows walking around the paddock burbing methane.  And 
at night the atmosphere becomes stable, the flux footprint extends beyond the drier 
portions of the paddock and senses wet patches, rich in methane producing 
microbes and organic sediments.  All make the measurements more variable in time.
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Since much of the delta is privately owned we are looking for solutions that benefit 
both the farmers and the citizens of California.  One idea is to plant rice, a wetland 
crop.  The hope is flooding will stymie excessive respiration by the soils.  Prior to 
the 1990s rice could not be cultivated in California, as the delta was perceived to be 
too cool at nice to promote flowering of the grass; In Agronomy 100 in 1976 I 
learned ‘you could not grow rice south of I 80’. Our colleagues at UC rice 
experiment station developed a new variety M104 that could withstand cooler 
temperatures and thrive in the Delta..  

Side note, when my grandfather came to California from Italy he first settled in the 
Sutter basin and tried to farm rice. The lack of dams, upstream, led to several floods 
and crop failures
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The other option is to restore wetlands.  The California Dept of Water Resources has 
bought large swaths of Sherman Island and Twitchell Island, and through state water 
bonds have the resources to restore wetlands at large field scales.  This restored 
wetland on Sherman Island is several hundred acres in scale and started in 2010. We 
have been measuring carbon and methane fluxes since Nov 2010 and are tracking 
its development.
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Things we learn about studying the biosphere is that each year is different and as 
ecosystems grow and mature their ability to metabolize changes.  Here the system 
started out with large areas of open water. By the next spring new tules and cattails 
started to emerge and expand.  In the early years most of the landscape was 
dominate by green vegetation. But these reeds are deciduous. They die each fall, 
and they are not immediately incorporated into the water column and soil 
sediments. It takes several years for the stems to rot and the dead reeds to fall over. 
Hence in following years there is competition between dead stems and live stems 
for light. This has repercussions on subsequent respiration, photosynthesis and 
methane production. 
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Flooding lands during the winter can be a win-win strategy. Flooding can inhibit 
respiration, it promotes resident water fowl (ducks, geese, swans, sand hill crane), 
and these birds can provide ecosystem services by incorporating straw into the soil.
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New data. Unpublished, just produced. No one has seen yet.  Comparison of net 
carbon fluxes from business as usual land use types (pasture and corn) and wet 
systems (wetlands and rice).  Planted crops like corn and rice experience short 
seasons of carbon uptake, compared to perennial pastures and tules.  Winter rains 
promote high rates of carbon loss from the pasture and corn fields, compared to the 
flooded wetlands that remain flooded for water fowl
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More new data.  Partitioning net carbon fluxes into ecosystem respiration and 
photosynthesis lets us look under the hood.  The aerobic soils of the drained corn 
and pastures enable large respiration rates to occur year round, that lead to much of 
the long term subsidence. The story is more messy with the wetlands.  To some 
degree flooding inhibits respiration.  But our new measuremetns are also revealing 
the fact that respiration scales with photosynthesis. Hence the newly formed 
wetland is achieving high rates of photosynthesis at the cost of high rates of 
respiration.  The more decadent older wetland has lots of woody biomass competing 
for photons so its photosynthesis rates are lower as are its respiration rates
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And a third set of new and novel data on greenhouse gas fluxes from the delta. The 
wetland restoration projects are gianormous, humongous emitters of methane
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In 1997 USGS developed a pilot project on Twitchell Island to see how much peat a 
tule wetland can accrete over a decade or so.
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Published data on the pilot wetland study
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In this next section we’ll focus on water transfer and budgets
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Water Flows through the Delta.  Key numbers 6 million acre feet of water are 
exported south.  A critical amount of water must flow out to the bay to keep the 
water in the delta fresh, not saline.  Year to year variation in rain and runoff makes 
this task challenging
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We should not manage water flows and allocations for average conditions. We must 
consider the range of conditions
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Temporary water storage occurs at Clifton Court fore bay, before being shipped 
south at the Tracy pumps.  Big issues on mortality of endangered species like the 
delta smelt
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Proper flows of water through the delta are paramount for maintaining water quality 
for a broad spectrum of consumers. This list give examples of factors degrading 
water quality
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We are at the mouth of an estuary and this means there is connection to the sea, 
tides and salt. Here we see the gradient of salt during the wet and dry seasons.  Salt 
intrusion comes way into the estuary during the summer
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Historically this ecosystem experienced wide swings in salt. Before Shasta Dam 
there were incursions of high saline water (1000ppm Cl) up to Sacramento..Salt is 
not good for irrigation.  It reduces the osmotic water potential and stresses plants.
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The Shasta dam has helped reduced the variability of the salt isopleths. Nevertheless 
salt can be high in the west delta during dry years
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The Delta is in a desert so its potential evaporation is huge, especially with irrigated 
vegetation which will evaporate at potential rates.
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Examples of evaporation for crops and native wetlands.  Wetlands and rice 
evaporate more than a meter of water. Nearly world record rates (>12 mm/d) of 
evaporation occurs during the summer over the tule wetland.  So there is a water 
cost to restoring wetlands, too..
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One of our tasks is to use models and remote sensing to upscale our evaporation 
measurements. Here is our budget of water use by the Delta.
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The Delta has a long history of failed levees
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Jones tract failed on a calm summer day. It is not only storms, earthquakes and 
critters that cause levees to fail.  Levess are starting to suffer from the fact that 
subsidence is cause water to channel under the levees and cause boils and wet spots 
on the islands.
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Many of the islands have failed at least once, and many multiple times. In my 
lifetime I have seen Sherman, Brannan and Jones tract fail
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Levees are expense to maintain, but they need to be protected to keep salt water 
from intruding and disrupting the water transport/delivery system

69



Reasons to maintain the levees
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Wildlife. One of the reasons I love the delta
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Major fly way
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Low point 189 salmon 1994The precipitious drop in fall run Chinook salmon 
returns despite the unprecdented shut-down of the commerical fishing industry and 
improved ocean conditions strongly suggest that conditions in Central Valley 
waterways (where the salmon spawn) and the Delta (where they rear and migrate) 
play a major role in the population decline.
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What are we to do? Here are ideas being discussed
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Here is where it is important for you to become environmentally educated citizens.
You will have to vote on issues that relate to projects like this Delta tunnel or canal.  
The peripheral canal was on the ballot in 1980 and failed.  A form will be 
introduced again.  Can we afford to let the delta become a septic pond if it is 
installed, or can we not afford to do anything and risk the health of the state and our 
economy if the Delta fails. These are the hard choices that are politically charged.  I 
don’t know the answer.  My heart says no, my head says yes, toward installing a 
conveyance system.
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These are some of the hard choices we face.
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And the Delta is connected to the state of the Bay.
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Brian Bergamaschi writes

Your calculation seems a bit high to me for the following reasons. First, the total 
original volume of peat in the Delta is calculated in the PPIC report to be 4.5e9 
m^3, much lower than your volumetric estimate of 2.5e10. The OC content and 
bulk density you are using also seems a bit high - 30-50%OC is the range we see. 
So I would calculate a number about a factor of 10 lower than yours. It's still an 
astoundingly big number, though
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Mosiquitoes and diseases if there is restoration??
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