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52	years	ago	in	1965,			
President	Lyndon	B.	Johnson	warned	us			

“This	generation	has	altered	the	composition	of	
the	atmosphere	on	a	global	scale	through…	a	steady	

increase	in	carbon	dioxide	from	the	burning	of	fossil	fuels.”		

30	years	ago	in	
1988	NASA	
Scientist	

Dr.	Jim	Hansen	
Warned	Us	
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Scope of the Food Problem 

•  Our Texas mega-region  receives, preserves,  
purchases,  distributes, consumes, and partially 
wastes perhaps 50,000 tons of food per day and 
nearly 20 million tons of food per year. 

•  Houston Metro 16,000 tons of food per day. 
•  Dallas Ft Worth area perhaps 17,000,  
•  San Antonio area  about 5,000 and  
•  Austin area about 4000 tons.  
•  90-99% of this is produced outside the area, and 

most produce is shipped long distances from 
warm, often arid climates. 



The	Houston	Area	Consumes	a	Lot	of	Food	
•  About	16,000	tons	per	
day	of	food	is	
produced,	moved	here,	
sold	&	resold,	then	sold	
to	a	customer	for	
preparation,	or	cooked	
&	sold	to	a	customer.		

•  Then	it	is	consumed	
and	then	goes	either	to	
sewage	or	the	dump.			

•  A	lot	is	wasted	and	
little	recycled.	

	

•  Two	NRG	Stadiums	full	of	
food	per	month	are	
consumed!	



Our	Food	System	is	a	Major	Cause	of	
Greenhouse	Gases	

Permaculture	Founder	1981	



Greenhouse	Gases,	Food	&	Agriculture	

•  12.5%	of	world	greenhouse	gases	are	agricultural.		
•  40%	of	the	methane	and	62%	of	Nitrous	Oxide	is	
agricultural.		

•  In	the	US	the	EPA	says	7%	is	agricultural	but	this	
does	not	consider	transportation,	packaging,	
preservation,	waste	disposal,	or	the	creation	of	
farm	inputs	like	fuel	&	farm	chemicals.		

•  Texas	because	of	its	vast	area	and	large	operations	
focused	on	beef	is	probably	even	higher	in	GHG.		



http://cdiac.ornl.gov/pns/current_ghg.html			
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Agriculture	Greenhouse	Gases	
•  Some 19% of US fossil fuel is used in food 

production and distribution.  

•  Methane	is	about	a	25	times	more	potent	a	greenhouse	
gas	than	carbon	dioxide,	but	it	is	shorter	lived.		

•  Nitrous	oxide	(N2O)	by	contrast	lasts	longer	in	the	
atmosphere	than	methane	and	is	many	times	worse	per	
pound	as	a	greenhouse	gas.	

•  The	major	agricultural	source	of	methane	and	a	significant	
source	of	nitrous	oxide	in	agriculture	is	the	beef	and	dairy	
cattle	industry.				



Inefficient	Fuel	Use	

•  Some	pre-fossil	fuel	organic	farming	yielded	food	energy	
up	to	20	times	the	human	energy	invested	(20:1	net	
energy).	

•  Modern	US	farming	can	yield	as	low	as	one	tenth	as	
much	food	energy	as	is	invested	in	energy	inputs	(1:10).		

•  The	average	U.S.	farm	uses	a	total	of	3	calories	of	fossil	
energy	to	produce	each	calorie	of	food	energy	(1:3).	

•  And	that	food	is	a	long	way	from	the	consumer!	



		

•  Large	amounts	of	fossil	fuel	power	heavy	farming	
machinery,	pump	water	to	irrigate	and	spray	
pesticides.	

•  And	more	fossil	fuel	processes	foods,	and	
refrigerates	foods	during	transportation,		

•  And	still	more	is	used	to	produce	and	transport	
packaging	materials,	fertilizers	and	pesticides.	

•  So,	if	fossil	fuel	is	taxed	or	restricted,	food	prices	will	
escalate,	and	there	is	no	plan	B.	

Food	&	Energy	



Meat	Production	Is		
An	Energy-intensive	Process	

•  To	cultivate,	harvest,	and	ship	animal	feed,	
•  To	pump	increasingly	hard	to	get	water	for	feed	or	
animals		

•  To	transport	animals	to	slaughterhouses,	to	
slaughter	animals,		

•  To	process	and	package	meat,	to	refrigerate	meat,	
and	to	transport	meat	to	stores…	

•  Takes	large	amounts	of	energy	



Meat	Production	Is		
An	Energy-intensive	Process	

•  And	people	eat	the	animal	that	eats	the	grain,	instead	of	
eating	the	grain	themselves.		

•  It	takes	15	lb	of	feed	to	make	1	lb	of	beef;	6	lb	of	feed	for	
1	lb	of	pork;	5	lb	of	feed	for	1	pound	of	chicken;	2	lb	of	
feed	per	pound	of	fish.	

•  Estimate:	it	requires	about	15	pounds	of	carbon	dioxide	to	
produce	1	pound	of	beef.	



N2O		Nitrous	Oxide	

•  Agricultural	soil	management	is	the	largest	source	
of	N2O	emissions	in	the	United	States,	accounting	
for	about	75	percent	of	total	U.S.	N2O	emissions	in	
2015.		

•  Nitrous	oxide	is	emitted	when	people	add	nitrogen	

to	the	soil	through	the	use	of	synthetic	fertilizers.	

•  Of	course,	much	fertilizer	(2.2	million	tons/year)	is	

used	in	the	US	for	corn	animal	feed.		



N2O		Nitrous	Oxide	

•  Nitrous	oxide	is	also	emitted	during	the	breakdown	of	
nitrogen	in	livestock	manure	and	urine,	which	
contributed	to	5	percent	of	N2O	emissions	in	2015.	

•  Nitrous	oxide	is	generated	as	a	byproduct	during	the	
production	of	nitric	acid,	which	is	used	to	make	
synthetic	commercial	fertilizer,	and	in	the	production	
of	adipic	acid,	which	is	used	to	make	fibers,	like	nylon,	
and	other	synthetic	products.	



Fertilizer	
•  Most	conventional	fertilizers	rely	on	ammonia	made	from	
natural	gas.	One	ton	of	fertilizer	requires	about	33,000	
cubic	feet	of	natural	gas	(84%	methane).	

•  Fertilizers	containing	nitrogen	are	particularly	fossil-fuel-
intensive;	production	and	transport	of	1	pound	of	
synthetic	nitrogen	releases	an	average	of	3.7	lbs	of	CO2	
into	the	atmosphere.	

•  US	consumes	about	13	million	tons	of	synthetic	nitrogen	
per	year.	



Food	Transport	

•  Domestic	agricultural	products	are	transported	566	billion	
ton-miles		

•  More	than	20%	of	the	total	U.S.	commodity	transport	is	
for	food	and	agriculture.	

•  According	to	two	1980’s	studies,	US	food	travels	1346	
miles	or	1500	miles	on	average.	

•  In	1998,	a	total	of	172	million	tons	of	food	were	shipped	
into	and	out	of	the	U.S,	

•  In	2001,	the	U.S.	imported	39%	of	all	fruits,	12%	of	
vegetables,	40%	of	lamb,	and	78%	of	fish	and	shellfish.	
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The	Temperature	Needs	of	Vegetables	and	Fruits	

•  Tomatoes	&	corn	only	pollinate	at	certain	different	
temperatures	(55-85;	70-90);		

•  Lettuce	and	okra	seed	only	sprout	at	certain	different	soil	
temperatures	(<75,	>70);		

•  Mangoes	and	tangerines	have	different		lower	
temperature	limits,	so	die	below	25˚	and	18˚.	

•  Particular	apple	varieties,	olives,	and	filberts	need	
different	winter	temperatures	for	different	periods	of	
time	in	order	to	flower.	

•  For	particular	food	plants	to	grow	well,	they	need	
temperatures	suitable	for	them.	



Plants	&	Climate	
•  Almost	all	food	plants	struggle	at	temps	over	86˚,	stop	
growing	at	temperatures	over	95˚,	and	die	at	105˚-120˚	

•  Differences	in	one	yard,	farm	or	region	may	be	important.	

Optimum	temperature	
Grows	well	

Grows	Poorly	>9˚	
Doesn’t	Grow>18˚	

Dies>27˚?	
	

Colder	than	Optimum	 Warmer	than	Optimum	

-9˚F	 9˚F	-18˚F	
-27˚F	>-27˚F	

+18˚F	
+27˚F	 >+27˚F	



Cold	Temperatures	and	Temperate	Plants	

•  Temperate	climate	plants	like	pecans,	apples,	and	maples	

are	able	withstand	winters	with	a	variety	of	coping	

mechanisms.		

•  In	order	to	go	dormant	and	wake	up	at	the	correct	times,	

they	must	have	genetics	that	fit	the	particular	amount	

and	length	of	cold	they	will	have.	



Cold	Temperatures	and	Temperate	Plants	

•  If	they	are	poorly	selected	by	the	grower	or		
•  the	climate	changes,	they	will	be	unproductive	and	

probably	die	an	early	death.	

•  Growers	need	at	least	20	years	of	good	forecasting	to	
properly	select	good	fruit	trees	and	may	need	more	than	

that	to	recover	equipment	costs.	



Cold	Temperatures	and	Tropical	Plants	
•  Tropical	climate	plants	like	mangoes,	bananas,	and	
papayas	have	difficulty	dealing	with	cold	temperatures	
well	below	70˚F.		

•  Bananas	for	example	stop	growing	at	50˚F.	
•  Many	tropicals	have	become	semi-tropicals	by	developing	
ways	to	survive	by	dormancy	or	cellular	changes.	

•  So	some	good	bananas	can	survive	18˚F,	and	most	good	
citrus	on	the	right	rootstock	does	OK	at	23˚F.	

•  Annual	temperate	veggies	like	cabbage	can	survive	by	
adding	sugars	to	their	cells	to	prevent	freezing.	





Plants	and	Heat	Stress	

•  Heat	Stress:	A	period	of	time	in	which	temperatures	are	
continually	hot	enough	to	create	irreversible	damage.	

•  High	air/soil	temps,	day	or	night	can	do	this.	
•  A	9˚F	rise	above	a	plant’s	optimum	growing	temperature	
usually	results	in	a	decrease	in	the	synthesis	of	normal	
proteins	including	pollen	and	enzymes.	

•  Instead,	there	is	an	accelerated	deployment	of	heat	shock	
proteins	and	an	increased	production	of	phyto-hormones,	
antioxidants,	and	other	protective	molecules.	

•  Typically,		over	90%	of	root	water	is	used	to	cool	cells.		
•  An	18˚F	rise	in	temperatures	doubles	both	the	respiration	
rate	and	water	loss	in	most	plants.		



Plants	and	Heat	Stress	

•  At	high	temperatures,	growth	suffers	and	
evaporative	cooling	of	tissues	declines	because	
leaves	lose	water	much	faster	than	roots	can	
take	it	in.	

•  To	minimize	this,	the	plant	first	tries	to	reduce	
evaporation	by	closing	stomata.		

•  This	results	in	a	drop	in	carbon	dioxide	intake,	
as	well	as	the	movement	of	minerals	and	water	
from	the	roots.	

•  So	growth	stops.	I	see	this	in	pears	and	squash	
every	summer.	



Plants	and	Heat	Stress	

•  But	if	despite	this,	temperatures	in	cells	start	to	
increase,	evaporation	needs	to	occur	to	prevent	cell	
damage.		

•  And	that	is	more	important	than	reducing	water	
loss.	

•  So	stomata	open	and	more	water	exits	the	plant	
than	is	being	pumped	from	the	roots.		

•  That	leads	to	a	water	shortage	in	the	plant	and	

wilting.	



Plants	and	Heat	Stress	

•  Most	woody	plants	(including	many	fruit	trees)	grow	best	
between	60-85˚F.	

•  They	have	problems	cooling	themselves	as	temperatures	
increase	above	this,	and	are	killed	if	it	continues	for	long	
at	115˚F	.	

•  This	is	also	because	critical	enzyme	proteins	in	the	cells	of	
most	plants	become	denaturized	around	104-113˚F.		

•  Denatured	proteins	lose	their	3D	structure	by	folding	
incorrectly	and	therefore	cannot	function.	



97%	of	Plants	Fix	Carbon	through	a	type	of	
Photosynthesis	known	as	C3.		
In	these,	High	Heat		Leads	To:		

•  Wilting,		
•  Followed	by	leaf	browning,	and		
•  Then	leaf	drop.	
Continuous	High	Heat		Leads	To		
•  Declining	photosynthesis,		
•  Higher	respiration,		
•  A	slow	down	in	transpiration,		
•  Earlier,	smaller	harvests,			
•  Increased	Pest	Problems	



Some	Plants	Can	Fix	Carbon	At	Higher	
Temperatures		

•  Corn/maize,	sorghum,	sugarcane,	and	millet	
are	among	the	3%	of	plants	that	use	a	different,	
slightly	more	efficient	type	of	photosynthesis	
(C4)	

•  Many	desert	plants	such	as	cacti	and	succulents	
have	another	coping	mechanism	called	CAM	
photosynthesis.	They	take	in	carbon	dioxide	at	
night	and	keep	their	stomata	closed	during	the	
day.		

•  In	addition,	some	plants	like	agave	may	have	
fats	in	their	cells	which	allow	them	to	tolerate	
high	temperatures.	



In	Many	Plants,	Fruit	and	Seed	Harvests		
Are	Reduced	by	Heat	Stress	

•  Pollination	in	grains	and	peas,	beans	and	other	
legumes,	is	reduced	by	heat	stress	during	pollination.		

•  Also,	the	reproductive	phase	of	the	plant	happens	
earlier	in	plant	development	before	the	plant	can	
support	a	lot	of	crop.	

•  In	several	crop	species,	heat	stress	causes	quality	
reductions	in	starch,	protein,	and	total	oil	yield.		

•  So	seeds	are	less	productive	and	harvests	smaller.	



Under	heat	stress	
•  In	tomatoes,	even	moderate	heat	stress	reduces	plant	
carbohydrates	at	crucial	stages	of	development	leading	to	
lower	yields.		

•  In	the	African	couscous	grain	and	animal	feed	sorghum	
(milo),	heat	stress	interferes	with	both	carbohydrates	and	
phosphorous	in	pollen	production.	

•  In	wheat,	high	temperatures	during	the	grain	production	
phase	reduce	photosynthesis,	leaf	area,	shoot	length,	
grain	weight,	and	sugar	content.	This	results	in	altered	
nutritional	quality.	

•  Corn	pollination	declines	above	95˚F.	Corn	prefers	85˚days	
and	nights	below	50˚F.	



Temperatures	affect	Nitrogen	Availability		

•  50-86˚F	Soil:	Significant	nitrogen	is	released	in	the	soil	
•  86˚-95˚F	Soil:		The	maximum	nitrogen	release	point	is	
reached	in	the	soil	

•  90˚-95˚F	Air:	The	pollination	process	begins	to	decrease	in	
most	plants	

•  95˚-104˚F	Soil:	A	significant	decrease	in	nitrogen	release	
occurs	in	the	soil	

•  131˚F	Soil:	Nitrogen	release	ceases.	

Yikes	

Yikes	

Yikes	
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	As	you	may	have	
heard,	the	
weather	is	
changing.	

	



Unfortunately		As	We	Know,	Carbon	Dioxide	and	
other	Greenhouse	Gases	are	Warming	the	Planet	so	

Weather	Probably	won’t	stay	Normal	

	The	temperatures	in	the	Arctic	and	Antarctic	are	warming	

rapidly.	

	 		

	This	warming	is	destabilizing	the	weather	systems	of	the	
entire	planet		



			

	This	will	lead	to	major	changes	in	

weather	that	will	be		

	very	hard	to	predict	or	pay	for!	

Especially	if	you	like	to	eat.	



Drought	&	Fire	
Oct	2015	
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Big	Spring	TX	1930’s	

Drought	



Big	Spring	TX	1930’s	

Drought	
Topsoil	



Lost	
Investment	
in	Texas	

Agriculture	
and	Possible	

Failure	

Lake	Travis	Feeder	



Lake	Conroe
—The	City	of	
Houston’s	

Backup	Water	
Supply	
2011	





Harvey	August	2017	

Lake	Conroe	August	2017	







Heat	

Dead	Peanuts	



Global	Top	
12	Warmest	
	Years	(Jan-
Dec)	>1880	

Hobby	Airport	10	
Warmest/Coldest	Years	

(Jan-Dec)	>1931 		



Years	are	Getting	Hotter	



Months	Are	Getting	Hotter	



Of	all	COMMON	Supermarket	veggies:		
•  61%	stop	growing	above	75˚F;	our	area	has	5	months	in	
the	year	when	average	highs	are	below	this	

•  83%	stop	growing	above	85˚;	our	area	has	7	months	in	the	
year	when	average	highs	are	below	this.		

•  But	some	of	these	months	have	temperatures	that	are	too	
cold	for	growth.	

•  92%	stop	growing	above	95˚.	The	south	of	I-10	area	has	12	
months	in	the	year	when	average	highs	are	below	this.	
IAH	11	months,	College	Station	10,	Crockett	9.	

•  100%	stop	growing	above	105˚.	The	Houston	area	so	far	
has	average	highs	below	this	all	year.	But	areas	north	of	
Harris	average	one	high	this	hot	each	August.	





US	Climate	Extremes	Index	(NOAA)	



Special	Climate	Problems	for	Food	Industry	

•  Like	all	of	us,	farmers,	ranchers,	restaurants	and	food	
markets	must	anticipate	weather	variation	because	they	
also	invest	in	building	maintenance,	insurance,	
transportation,	storm	protection,	heating,	and	cooling.	

•  But	since	their	livelihoods	depend	on	plants	and	animals,	
they	have	special	problems	also.	



		•  Plants	and	animals	already	need	more	water	and	are	
under	more	summer	stress.		

•  This	costs	farmers,	ranchers,	businesses	&	homeowners	

•  AC,	electric	&	insulation	systems	already	need	to	be	more	
robust	&	costly	to	get	the	same	result	

•  Higher	temps	produce	more	ozone,	and	ozone	damages	
plants	

•  Increased	evaporation	is	putting	more	stress	on	
agricultural	water	systems,	aquifers,	and	irrigation	costs.	



Ike’s	Ag	Damage	

•  Hurricane	Ike	killed	large	
numbers	of	cattle	

•  And	salted	much	of	Chambers	
&	Galveston	Counties	just	east	
of	Houston.	

•  Not	just	killing	crops	and	fruit	
trees,	but	making	the	land	
unusable	for	a	year	or	more.	



Bankrupt	Farms	

•  Unanticipated	heat,	cold,	rain,	wind,	hail,	hurricanes,	
storm	surges,	and	irrigation	costs,	can	make	investments	
such	as	fruit	trees	or	a	row	crops	worthless.	

•  Then	multi-million	dollar	equipment	can	be	worthless,	
and	ultimately	the	land	too.		

•  Resultant	shortages	in	supply	then	affect	the	supply	of	
feed	and	this	affects	ranchers,	fish	farming,	and	poultry	
operations.	



	Cascading	Affects	

•  And	all	of	this	then	affects	food	costs	to	restaurants	and	
food	markets	which	affects	in	a	major	way	consumer	cost	
of	living.	

•  And	that	affects	other	purchases.	

•  Most	especially,	it	affects	the	quality	of	food	for	
everyone,	and	the	quantity	for	the	poorest	5%	who	
sometimes	are	forced	to	skip	meals.	



No	Plan	B	

•  There	are	no	back-up	plans	to	feed	people	if	food	prices	
for	most	items	soar	beyond	their	reach	due	to	climate	
change…	

•  If	the	Walmart—McDonald’s—Kroger’s	system	can’t	
function	at	a	profit,	sells	out	and	goes	into	real	estate…	

•  Or	if	energy	prices	soar	or	the	dollar	collapses.	

•  Because there are no government agencies 
at any level that are planning 
contingencies.	
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35	plant	Montgomery	County		
Vegetable	Planting	Calendar	ca.	2003	





Traditional	Vegetable	Planting	Schedules	&	Fruit	
Tree	Lists	Are	Too	Static	For	Use	in	a	Time	of	Climate	

Change	
They	Result	in	Massive	Errors		
In	Food	Growing	Decisions	

– NOW	THAT	TEMPERATURES	ARE	RISING,	WHAT	SORT	
OF	Dynamic	PLANTING	SCHEDULE	DO	WE	NEED?	

•  How	do	we	offer	a	dynamic	fruit	or	vegetable	guide	that	
can	be	adjusted	as	temperatures	rise	or	change	from	one	
location	to	the	next?	



Quick	Survey	of	Declared	Research	
Specialties	in	Major	Horticultural	
Research	Universities	(11/2017)	



What	We	Need	to	Grow	Plants	in	a	Time	of	
Temperature	Change	

•  Master	tables	that	list	all	possibilities	for	different	
Southeast	Texas	temperature	gradients--	warmest	
to	coldest	areas.	

•  Help	for	gardeners	and	farmers	to	know	what	their	
temperatures	are	likely	to	be	based	on	what	the	
plant	requires	and	recent	weather.	



What	We	Need	

Simplified	schedules	and	recommendation	lists	that	
help	match		

1.   Particular	parts	of	counties		

2.   Their	temperatures	in	recent	years,	

3.   The	temperature	requirements	of	particular	plants.	

4.   The	length	of	time	they	will	need	these	

temperatures.	



Cool	Season	
Southeast	TX	
Temperatures	



Warm	Season	
Southeast	TX	
Temperatures	



Warmer	Southeast	TX	Planting	Zones	



Colder	Southeast	TX	Planting	Zones	

Colder	Zones	

40	 57	56	 71	 95	



Draft	of	Schedule	that	Can	Be	Created	for	One	Zone	
(Winter	Zone	B)	Using	Recent	Weather	Data.			

Conroe	is	in	Winter	Zone	F	



Weather	Summary	(1992-2012)	
•  Very	Low	Chill	Zone--	Galveston	Island,	Freeport,	
Matagorda,	Aransas,	and	other	coastal	areas.	Purchase/
Get	100-400	chill	unit	(CU)	trees.	Yearly	low	averages	34˚	
and	yearly	high	95-98.	

•  Low	Chill	Zone--	dense	urban	Houston	south	of	downtown	
out	to	Hobby,	Pearland,	and	Port	of	Houston.	Get	trees	
with	400	CU	or	less.	Yearly	low	averages	28-31˚	and	yearly	
high	100-101.	

•  Medium	Low	Chill	Zone--Angleton/Lake	Jackson,	Sugar	
Land,	Richmond,	Wharton	County,	and	both	rural	
southern	and	rural	eastern	Harris	County.	Get	trees	with	
500	CU	or	less.	Yearly	low	averages	24-26˚	and	yearly	high	
99-101.	



Weather	Summary	

•  Medium	Chill	Zone--Intercontinental	Airport	and	urban	
north	Harris,	Liberty,	Anahuac,	Beaumont,	and	Port	
Arthur.	Get	trees	with	500	CU	or	less.	Yearly	low	averages	
25-26˚	and	yearly	high	100.	

•  Medium	High	Chill	Zone--	Spring,	Tomball,	La	Grange,	San	
Antonio,	and	Fayette	County.	Get	trees	with	600	CU.	Get	
700	CU	trees	if	there	are	a	lot	of	late	freezes.	Yearly	low	
averages	25˚	and	yearly	high	102.	



		

•  High	Chill	Zone--Conroe,	Columbus,	Bellville,	Sealy,	
Brenham,	College	Station,	Huntsville	Airport,	&	urban	
parts	of	Austin.	Get	700	CU.	Yearly	low	averages	23-26˚	
and	yearly	high	averages	101-104.	

•  Very	High	Chill	Zone--rural	Huntsville,	Cleveland,	
Coldspring,	Madisonville,	Washington	County,	and	rural	
Austin.	Get	800	CU	trees.	Yearly	low	averages	18-20˚	and	
yearly	high	104-106.		

•  Highest	Chill	Zone--	Livingston,	Crockett,	Centerville,	and	
Somerville	Dam.	Get	800	CU	or	higher	trees.	5-10%	of	the	
time,	this	zone	gets	1200	or	more	CU!	Yearly	low	averages	
22˚	and	yearly	high	105˚.	

Weather	Summary	



November	
Master	

Vegetable	Planting	
Schedule	for	Zones	
in	Southeast	TX	

		
(Arugula	to	Salsify)	

	
Based	on	

2007-2017	Climate		



Fruits	
Rated	by	
Quality	
and	Cold	
Tolerance	
Akebia	to	
Kumquat	
(A-K)	
	



Fruits	Rated	by	Quality	&	Cold	Tolerance		
Etrog	to	Kumquat	(E-K)	

	



83	

Something	More	Needs	to	Be	Done!	
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Geotherapy	

•  “There	is	therefore	no	technical	nor	economic	barrier	to	
solve	the	excess	CO2	problem	in	a	timely	fashion,	and	
there	are	incalculable	economic	and	environmental	
benefits	that	will	reward	current	and	future	generations.	

•  The	problem	is	only	lack	of	understanding	and	lack	of	
political	will	by	policymakers	and	funding	agencies	to	
solve	the	problem	as	fast	as	possible	so	as	to	minimize	
the	costs	and	maximize	the	benefits.”	

From	Thomas	Goreau,	
Global	Biogeochemical	Restoration	to	Stabilize	CO2	at	Safe	

Levels	in	Time	to	Avoid	Severe	Climate	Change		
p.39,	Geotherapy		



There	Are	Many	Things	that	Could	be	Done	
and	Like	Renewable	Energy	in	the	1990’s	are	
Well	Proven	and	Beyond	Fantasy,	But	Won’t	

Happen	Without	Investment,	Organized	Effort,	
and	Political	Support	

•  Move	Carbon	Dioxide	from	the	Atmosphere	to	Longer	
Lasting	Living	Carbon	
–  Increase	The	World’s	Forests.	
–  Increase	Soil	Carbon	through	regenerative	methods	in	
farming	and	animal	management.	

•  Sequester	carbon	using	biochar	(agricultural	charcoal)	



Forests	

260	hectares	per	year	=	1	square	ml	per	
year	



---Africa--		Asia-------	

Europe	
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•  According	to	a	recent	study,	our	planet	has	about	15	
trillion	(15,000	billion)	trees.		

•  About	3	trillion	have	diameters	of	4	inches	or	more	
at	chest	height.	

•  We	lose	about	15	billion	trees	a	year	net.	
•  There	were	about	30	trillion	trees	worldwide	7000	

years	ago.	



Tropical	Forests	
•  Is	there	enough	land	available	to	
absorb	global	fossil	fuel	CO2	
production	using	the	productivity	
of	typical	replanted	tropical	
forests?	

•  If	the	polluter	were	to	pay	a	carbon	
tax	used	directly	for	the	replanting,	
what	would	it	cost	them	using	
typical	forest	replanting	costs?	

They	found	that	there	is	more	than	enough	abandoned,	
economically	useless	deforested	land	in	Brazil	alone	.	
Costs	for	poor	countries	would	be	$2-$3	per	ton	CO2	while	
for	rich	countries	maybe	$10-$15	per	ton	

Geotherapy	p.32	



Boreal	Forests	

•  Tropical	forests	grow	faster	than	others,	labor	is	cheaper	
there,	and	degraded		land	is	very	cheap.	

•  But	cold	boreal	forests	in	Canada	and	Siberia	although	
growing	slower	also	respire	much	less	because	of	cold,	
and	degrade	much	slower,	so	hold	on	to	carbon	much	
longer.	

•  Tropical	forests	store	20%	of	their	photosynthesis	as	living	
biomass	while	boreal	ones	store	70%.	



Biochar	

•  We	can	produce	and	place	in	the	soil	a	beneficial	
agricultural	amendment	called	biochar.	

•  It	can	be	made	by	controlled	low	burning	of	almost	any	
biomass.	

•  If	done	right,	the	result	is	a	multi-century	storage	of	
carbon	in	the	earth,	provides	usable	renewable	cooking	or	
heating	gas	as	a	byproduct,	and	substantially	improves	
many	soils.	

•  The	evidence	is	that	it	can	be	large	--very	large—as	large	
as	the	entire	fossil	fuel	industry.		



Carbon	Farming	&	Regenerative	Ag	

•  If	managed	correctly,	good	soil	management	alone	could	
do	the	job.		

•  Replacing	the	50%	destroyed	by	industrial	agriculture	
would	help	enormously,	but	just	a	10%	increase	would	
alleviate	a	lot	of	GHG	forcing	stress.	

•  Soil	alone	still	holds	4	times	the	carbon	of	the	atmosphere	
or	the	biosphere.	

•  It	is	easy	to	build	organic	matter	rather	than	destroy	it	in	
plant	farming	and	prairie	livestock	management	if	you	try.	

•  There	are	proven	systems	in	permaculture	for	changing	
arid	mountains	into	forests.	

•  Peat	wetlands	should	never	be	drained.	



Encourage	Moving	Away		
From	High	GHG	Food	Systems	

•  Reduce	food	waste	in	handling,	processing,	&	
consumption	

•  Move	toward	a	plant-rich	diet.	
•  Dis-incentivize	non-local	food	production.	
•  Eliminate	high	GHG	Rice	Systems	
•  Stop	using	non-renewable	inputs	like	distant		
fertilizers	and	petrol.	



In	general	people	will	be	healthier	if		

•  They eat varieties of 
vegetables and fruits 
selected for flavor and 
nutrition  

•  Rather	than	shelf	life,		
•  Shipping	qualities,		
•  Ability	to	grow	in	saline	soils			
•  Harvest	all	at	once.	
•  Be	pesticided	from	the	air	
•  Or	grown	with	bad	labor	
conditions	



Leveling The Playing Field  

•  Good news: today, the best tasting and most 
nutritious locally produced foods can compete on 
price with high end products! 

•  Shipped high end products need to be air-
freighted, specially handled, and usually 
refrigerated because they ship poorly and rot 
quickly 

•   This drives up cost and these costs will likely 
worsen as GHG costs go up. 



  •  As	well,	distant	farm	businesses	can’t	do	their	own	

marketing.	

•  So	produce	is	sold	and	resold	to	businesses	that	move	

tons	of	a	single	product	long	distances	quickly	and	

cheaply.	

•  To	make	this	profitable	for	the	distant	grower,	the	

product	needs	to	be	produced	and	sold	in	large	amounts.	

•  That	requires	using	large	acreages,	expensive	equipment	

and	often	large	bank	loans	with	interest	costs.		



Long	Distance	Food	Strategies	
•  The	common	solution	to	the	“long	distance	food	tastes	
bad”	problem	is	to	airfreight	the	tastiest	produce	from	
distant	places,		

•  but	this	increases	costs	and	carbon	emissions	a	lot,	and	
many	can’t	afford	it.	

•  So	instead,	the	cheaper	solution	for	the	distance-
shipped	less-tasty	foods	is	just		to	add	cheap	fats,	
sugars,	salt	or	chemicals	to	make	them	tasty.	



Grow	Growers	

•  So	people	need	to	eat	the	best	tasting	and	freshest	
varieties	since	these	need	the	least	salt,	sugar	and	fat.	

•  But	how	do	they	do	that	if	they	are	expensive	shipped	in	
by	air	and	wrecking	the	planet?	

•  Obviously	we	need	to	grow	them	locally.	

•  How	do	we	encourage	that?	



Metro Houston’s Productive Potential 

•  Year round growing season,  

•  Balanced rainfall,  

•  Large amounts of potentially productive land.  

•  Can raise nearly any type of food most people 

have ever eaten (temperate and tropical foods) 

•  Including: highest quality vegetables, fruits, 

culinary herbs, livestock, fish and dairy animals. 
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Nutritional Benefits of Local Production  
•  Generally, tastiest fruits, vegetables and edible 

herbs ship poorly and spoil quickly 
•  And have higher nutrient levels  
•  By contrast, distance-shipped, less tasty foods 

often need to have fats, sugars, salt or chemicals 
added to make them tasty. 

•  Blackberry jelly donuts instead  
of fresh blackberries 

•  Leads to many chronic diseases including heart 
disease, stroke, diabetes, and more. 



Obvious?	



		•  So	people	eat	blackberry	
jelly	donuts	instead		

of	fresh	blackberries;	Pizza	
Hut	rather	than	fresh	

tomatoes	

•  This leads to many 
chronic diseases 
including heart 
disease, stroke, 
diabetes, cancers 
and more. 



Making	Food	Production	Economic	for	Rural	&	
Urban	Farmers	

•  Much	food	marketed	locally	is	produced	in	nations	that	
have	much	cheaper	labor	or	

•  Produced	in	other	states	using	inputs	from	nations	with	
very	cheap	labor.		

•  Just	a	day	south	by	truck,	Mexican	agriculture	labor	
averages	85	cents	an	hour.	Many	nations	pay		ag	labor	
even	less.	

•  Many	soap	products	here	use	coconut	derivatives	where	
prices	for	farm	labor	are	less	than	1	cent	per	hour.	



How to Foster Local Small Farm Growth 
•  Support major expansion of both urban and rural 

workforce training for new and existing small 
farmers. 

•  Do this through community colleges, NGO’s,  
Agricultural Extension satellite programs, online, 
and with small farm apprenticeship grants 

•  Support the development of direct marketing 
opportunities like farmers’ markets. 

•  Reduce impediments to small farm development 
such as outmoded raw milk regulations and 
organic certification backlogs. 



Economic Benefits 
•  With local production, profits go to local 

businesses.  
•  Income is spent locally and often spent yet again 

(high multiplier effect). 
•  And by reducing imports, the dollar is stronger  

•  In rural and urban areas without good jobs, young 
adults typically move away because there are few 
opportunities. 

•  Local food production could reduce this and 
stimulate small business growth. 



		•  Farmers	here	have	less	shipping	costs,		

•  But	generally	cannot	sell	at	the	same	price	as	the	

cheapest	food		

•  Who	can	work	for	85	cents	an	hour?	

•  But	what	of	the	year	2020	or	2030	when	fuel	may	be	

much	more	expensive		

•  or	the	dollar	much	weaker		

•  or	greenhouse	gases	prohibited?	

•  To	be	secure,	our	area	needs	to	grow	farmers	now.	



Enterprise Incubation 
•  Teens would have part-time jobs as helpers & 

could train to be farmers themselves 
•  Value added--make something from local produce. 

•  Local businesses buying from local businesses   
•  Bakers common.  Candlestick makers? 

•  Musicians at a farmers’ market got more in tips 
there than at most of the clubs they sang at!  

•  Tourism benefits 



Other Benefits 
•  Tasty ingredients make tasty cuisine! 
•  By reconnecting food consumers to food 

producers, food production becomes interactive.  
•  Everyone has a say and everyone gets educated 

about food choices. 
•  Fake food has competition 

•  And farmers’ markets and other farmer consumer 
venues give people a sense of place and build 
community  



Some Ways for Farmers to Sell Direct 

•  Selling directly to restaurants  

•  Or someday perhaps schools 

•  Roadside stands 

•  Community Supported Agriculture--various ways 
for consumers to pay for a share of a farm’s 
produce 

•  Farm to house deliveries 

•  Food Co-ops 

•  Farmers’ Markets 



Farmers’ Markets 

•  All of the above are valuable  

•  But the easiest way to increase production metro-

wide though is to increase the number of farmers’ 

markets  

•  In farmers’ markets, someone verifies the claims 

to being local and self-produced.  



  •  Many crops grown on huge farms provide tiny 

profits per acre. 

•  With a single crop, weather and market price 

fluctuations create huge risks 

•  So starting a large farm is prohibitively expensive 

for a newcomer  

•  And operating an old one is financially risky 



Houston • Spring 
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•  Local organic food could slow climate change by 
reducing carbon emissions  

•  Encourage soil sequestration of carbon   

•  And reduce other greenhouse gasses related to 
fertilizer and animals. 

•  But none of this will help much in the next 
decades unless we stop temperature increases 
and reduce them.  

Keeping Weather Predictable  
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How	You	Can	Help	Green	Food	
•  Learn	Permaculture,	Fruits	and	Vegetables	though	
www.urbanharvest.org	

•  Get	practical	training	in	a	community	garden	near	you.	Or	
start	one!		

•  Whatever	you	don’t	learn	to	grow,	buy	preferably	organic	
at	a	farmers’	market.	

•  Get	involved	in	Urban	Harvest	as	a	volunteer.	For	
example,	the	annual	fruit	tree	sale,	classes,	school	
gardens,	or	farmers’	market.	

•  If	you	are	the	right	age,	consider	a	career	working	on	
these	issues.	

•  Help	push	the	universities	and	policy	makers	toward	
more	awareness	



Live	in	Lovely	Antarctica!	

Moss	is	tasty	unless	you	crave	
agave.	

If	These	Efforts	
Don’t	Work		We	
Can	Always…	

“Climate	is	an	angry	beast	we	are	poking	at	with	
sticks”	--	 	 	 	 	 	W.	Broeker	

	



	
	

Comments,	advice,	
questions?	


