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Weather variability is reducing Maine crop yields

Have you experienced yield loss
in the past five years (2015 - 2019), and in 20207

potatoe

Survey responses are from
BEFORE the very difficult
weather for farmers in 2023
mall fruit < (May freeze, abundant and
frequent rains in July and
W ,_ August, rainy weekends
" September and October that
reduced PYO customer
turnout.)

tree frunt
vegetables

poulitry

Percent of respondents who answered “YES"



Observed and Projected Shift in Annual Minimum Temperature
“Year” = middle of 30-year period. Projections based on SSP5-8.5 scenario
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Future Shift in Maine Annual Minimum Temperatures
“Year” = middle of 30-year period. Projections based on SSP5-8.5 scenario.
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New opportunities for Maine
agriculture are likely with warmer
temperatures and longer growing
seasons.
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USDA Plant Hardiness Zones (average annual minimum
temperature) are only one measure of agricultural climatic
suitability, but they correlate with other measures
(e.g. horticultural heat zone)



Global and national food production, supply, and pricing are threatened by climate change.

Keane and Neal (2020): Technical progress and adaptation
without global greenhouse gas emissions reductions will
generate yield growth that lags far behind population
growth. An optimistic projection of technical change,
combined with moderate to substantial emissions
reductions and adaptation could in combination achieve
yield growth roughly in line with population growth

However, this scenario deteriorated quickly under even slightly less optimistic
technology projections. A striking feature was the wide variability of projections
across climate models. Even the more optimistic emission / technology /
adaptation scenarios pointed to adverse outcomes.
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Maine Agricultural Greenhouse Gas Emissions Summary 2019
1,000 metric tons carbon dioxide equivalent
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Data: Knapp, S. (2023). Maine Agriculture Emissions Summary, USEPA State Inventory Tool. Maine Department of Environmental Protection,
Maine 2019:
Livestock vs. other Agricultural Sources of Greenhouse Gas Emissions
1,000 metric tons carbon dioxide equivalent
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Data: Knapp, S. (2023). Maine Agriculture Emissions Summary, USEPA State Inventory Tool. Maine Department of Environmental Protection.

Livestock (primary dairy cows) are the
primary source of Maine agricultural
GHG emissions. Beef and milk are cited
as the foods with the highest GHG
emissions (e.g. Poore and Nemecek
2018). An alternate perspective is that
ruminant methane emissions are
converted to carbon dioxide within 12
years and are part of a biogenic carbon
cycle whereby the carbon released is

taken up by the plants used as livestock
feed (Mufoz and Schmidt, 2016).

In this perspective livestock emissions
do not add carbon to the atmosphere
but simply recycle it. In addition, an
alternate method to calculate the effect
of livestock methane on global
temperature has been developed that
estimates much lower impact (Cain et
al. 2019).



Relative Freshwater
Unit |%of Greenh Terrestrial Aquatic withdrawal
(NU) acrossallS | gas Land use | acidificati {1000 gals per NU) vs.
Food C dity | for wei L i (kg CO2 ea/NU) | (m*2/NU) | (2502 eq/NU) {2 P04 eq./NU) local water scarcity
Average of 42 foods " 10.2% 35 10 24 22 6.2
Median of 42 foods " 4.0% 14 22 8.6 5.4 2.8
0.50 kg fat-free, bone-
Beef (beef herd) | free meat. 100grams 74% 46
peotein.
0.50 kg fat-free, bone-
Beef (dairy herd) | fee meat. 100gcams 56% 17 22 16
protein.
0.50 kg fat-free, bone- |
Lamb & Mutton | fee mest. 100 grams a9% 20 69 49 19
protein.
Shrimp & other
crustaceans Bile b aa% 18 20 %0 23
(farmed)
063 kg fat-free, bone-
Pork (pig meat) free meat. 100 grams 24% 7.6 1 88 47 11
protein.
0.44 kg editile fish.
Fish (farmed) 100 gans groaa 19% 6.0 37 29 3 4.8
0.59 kg fat-free, bone-
Poultry meat free meat, 100 grams 14% 5.7 7 59 28 2.2
protein.
Eggs i 12% 42 57 48 20 43
Cheese bt donl 31% 11 40 75 45 22
Cow Milk 1liter, 300 grams
(pasteurized, 4% fat) proteln, 19% e i 20 el B2
soymilk 1% A Jcw 1.0% 1.0 0.7 26 1.1 03
Tree Nuts (almond, St imse
Brazil nut, cashew, [, o wamworea]  21% 03 7.9 28 12
pecan, walnut)
""'"”“:""’u:'" B eiiiendd RS 12 35 86 5.4 6.2
Dry Beans (chickpea, | .48 kg dred wahaut
fava bean, lentils) [Pod- 100 grams protein. 4.4% 0.8 73 10 8.0 28
Peas bt daig 2.8% 0.4 34 38 34 33
Tofu (soybean curd) | ****¢ e 2.3% 20 22 42 39 0.8
Rice (flooded) ST lg g 4.0% 1.2 0.8 7.4 9.5 3.6
Wheat & Rye (bread)| 027k 1000kt 2.7% 0.6 1.4 5.0 2.7 33
Oatmeal 2% 039 k. 2000 keal 2.4% 1.0 2.9 a1 4.3 19
Potatoes 143 kg 2000 kesl, 1.9% 0.6 1.2 5.3 4.8 1.0




Relative Freshwater
Nutritional Unit | % ©f maximum| Greenhouse Terrestrial Aquatic withdrawal
(NY) acrossall5 | gas emissions | Land use | acidification | eutrophication | (1000 gals per NU) vs.
Food Ci d for weighting impacts. (kg CO2 0a./NU) | (m*2 V) | (8 502 ea/NU) (& PO4 0a./NU) Tocal water scarcity
Average of 42 foods " 10.2% 35 10 24 22 6.2
Median of 42 foods ~ 4.0% 14 2.2 8.6 5.4 28
Corn (cornmeal) | 022k 1000 kest 0.9% 0.4 0.7 26 0.9 0.6
Cassava 1 kg 1000 keal. 1.2% 14 19 35 0.7 0.0
Tomatoes 1hg 4.3% 21 0.8 17 7.5 14
Brassicas (broccoli,
kale, Brussel sprout, 1ig 2.7% 0.5 0.6 8.2 5.0 2.2
cabbage, cauliflower)
Other Vegetables
(cucumber, green beans, 1ig 1.8% 0.5 0.4 6.4 23 13
green peas, lettuce)
Onions & Leeks 1 1.1% 0.5 04 3.6 32 03
Root Vegetables
(beet, carrot, onion, ™ 0.8% 0.4 03 29 16 0.3
rutab., sw.pot., turnip)
Berries and Grapes 1 5.3% 15 24 12 6.1 5.6
Apples 1 2.3% 0.4 0.6 35 15 34
Bananas 1k 1.7% 0.9 19 6.4 33 0.2
Citrus fruit 1k 1.5% 0.4 0.9 4.0 22
Olive oil 10 liter refined oll 33% 5.4 26 38 37
sunflower oil 10 liter refined all 16% 3.6 18 28 51
Canola oil (rapeseed)| 10 liter refinedoll 9.2% 3.8 1 29 19
Soybean oil 10 liter refined ol 8.4% 6.3 11 16 12
Palm oil 10 liter refined oll 6.4% 73 2.4 18 11 0.0
Cane sugar 1k 7.3% 3.2 2.0 18 17 43
Beet sugar 1k 4.0% 18 18 13 5.4 25
Dark Chocolate 50 grams 21% 23 3.5 23 4.4 0.0
1.cup from 15 g
Coffee ool ot 0.5% 0.4 0.3 13 1.7 0.0
Doar (3% alcohc, 200w 0.3% 0.2 02 13 05 00
barley)
Wine (12.5% alcohol) 0m 0.2% 0.1 0.1 1.0 0.4 0.0




Maine dairy farmers have adopted feed additives for methane reduction

Anaerobic manure digesters can also serve to reduce GHG emissions
from livestock manure AND food waste.

Does promotion of anaerobic manure digesters act as a disincentive
against a more plant-based diet? (if that is an objective)
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New technology may allow for reduced GHG emission from synthetic N fertilizer
production



Efficacy of Intervention Responses on Climate, Food system, Ecosystem, & Development Goals:
Impact score for each response: 0= None/Not rated/Variable, +/- 1=Low, 2=Medium, 3=High positive or negative Impact.
Potential score range =-105 to +105. Paired numbers show total positive and negative scores.

Agro-forestry

Water management

Biodiversity conservation

Urban sprawl management

Forest sustainable management
Coastal wetland restoration & preservation
Soil organic carbon content increase
Post-harvest loss reduction

Disaster risk management

Local seed use

Urban food systems enhancement
Cropland management

Forest loss & degradation reduction
Forest restoration

Dietary change

Agricultural productivity

Grazing land management

Soil erosion reduction

Fire management

Agricultural diversification

Food supply chain

Peatiand restoration & preservation
Sustainable sourcing

Food waste reduction (consumer and retail)
Livestock management

Pollution & acidification reduction
Soil compaction reduction

Soil salinization reduction

Invasive species management
Livelihood diversification

Food processing & retail operations
Landslide & natural hazard reduction
Biochar addition to soil

Afforestation

Grassland to cropland conversion avoidance
Food system energy efficiency
Mineral weathering

Material substitution

Bioenergy & bioener

49:0
49:0
50:-1
49:1
45:0
44:0
41:0
41:0
40:0
37:1
39:-3
34:0
35:-2
36:-3
353
32:1
30:0
30:0
30:0
28:0
29:-2
347
26:0
27:-2
23:0
23:0
22:0
22:0
191
17:0
18:-2
16:0
18:-5
20:-7
144
10:0
10:-2
12:4

I - Asricultural methods

I - Food system changes

I - Natural resource

& economic policy

~10 ® < totlal scor;;)'
w/ carbon capture _ [FEEEYII] <~ total score below 0 | | \
T T T /
10 “ = 2% 30 40

Adapted from: McElwee P, Calvin K, Campbell D, et al. 2020.

Bio energy carbon
capture and
sequestration (BECCS)
creates negative
consequences for land
use and food supply.

It may have utility
within defined
geographic or economic
domains (and possibly
Maine agriculture) but
at the global level it
appears to be an
ineffective and
deleterious response
for climate change
mitigation or
adaptation.



Other topics, Opportunities, Constraints, Information gaps on soil
each with complexities carbon sequestration
and trade-offs Multiple benefits from biochar
Crushed rock mineralization
Renewable Energy On Farms
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