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IPCC Summary Report, 2023

¤ Every increment of warming will intensify multiple and concurrent 
hazards (high confidence) 

¤ Vulnerable communities who have historically contributed the least to 
current climate change are disproportionately affected

¤ Adaptation planning and implementation has progressed across all 
sectors and regions. Despite progress, adaptation gaps and 
maladaptation exist

¤ Adaptation options that are feasible and effective today will become 
constrained and less effective with increasing warming. Holistic 
approaches with co-benefits is a key

¤ Accelerated implementation of adaptation actions in this decade 
would reduce projected losses and damages for humans and 
ecosystems (very high confidence)



IPCC Summary Report, 2023



Changes in California Temperatures



Precipitation Trends

Ref: Cal-Adapt.Org

Precipitation trends - California



Ref: Cal-Adapt.org

Frequency of Extreme Heat Days



Timing of Extreme Heat Days

Reference: cal-adapt.org



Snowpack

• A loss of 48% 
and 65% of 
the snowpack 
is projected 
under low and 
high emission 
scenarios, 
respectively

• By 2081–2100, 
average 
temperatures 
in the Sierra 
Nevada are 
projected to 
increase by 
about 7–10 
degrees F 
(UCLA study)

Source: CA DWR



Impacts on Agriculture



Climate change impacts –
Farmers views

It's going to be hotter, already we 
harvest our crops much earlier than 30 
years ago because of hotter summers

“Our crops may have to 
change which also means that 
our markets may also change.”

I feel water be feast or 
famine, more extremely wet 
or dry years

Too hot for too long during 
growing season

Due to these climate condition 
changes that are taking place, 
water districts are having to raise 
water rates.

Yield losses

When you really see so much difference in a short amount of time 
…. we would have to look at that and say, well, we're going to 
have to adopt varieties because this is a 20- or 25-year planning 
and we're going to have to find crops or varieties that will adapt



Impacts on Crop Yield
• Expected yield reductions 

by 2097: cotton (≈ 29%) > 
sunflower (≈ 26%) > 
wheat (≈ 15%) > maize 
(12%) > rice (≈ 10%) > 
tomato (≈ 9%) 

• These yield decreases 
were mainly because high 
temperatures under 
climate change shorten 
the duration of 
phenological phases 

• Limitations related to 
water supply to irrigated 
croplands

• Adaptation measures such 
as management practices 
and improved cultivars 
may alleviate some of the 
impacts



Impacts on Crop Growing Season

Pathak and Stoddard, 2018 
https://link.springer.com/article/10.1007/s40808-018-0460-y

Photo credit: California Tomato Growers Association



Climate change impacts on pests

Pathak et al., 2021 https://www.sciencedirect.com/science/article/pii/S0048969720361866



Potential impacts – Weeds Pests and 
Diseases

¤ Declines in crop due to weeds, diseases, pests, and 
other climate change induced stresses

¤ Frost sensitive pests may survive due to reduced frost 
risks

¤ Increased rate of development and potentially 
northward migration of pests

¤ Increased weed biomass due to elevated 
temperature and CO2, competing with crops for 
water and nutrients



Impacts on chill accumulations

Luedeling et al., 2009
Zhang; Pathak et al., 2021



Reduced frost risk under future climate
Lauren Parker; Tapan Pathak, Steven Ostoja, 

https://doi.org/10.1016/j.scitotenv.2020.143971

https://doi.org/10.1016/j.scitotenv.2020.143971


Length of the growing season

Lauren E. Parker; Ning Zhang; John T. Abatzoglou; Steven M. Ostoja; Tapan B. 
Pathak. 2022.  



Agroclimatic Indicators



UC ANR Resources



Prakash Jha
Project Scientist

https://calagroclimate.org/

https://calagroclimate.org/


High-Resolution PRISM Data

800 meter 4 kilometers



Crop Phenology Tool

https://calagroclimate.org/

https://calagroclimate.org/


Agroclimatic Indicators

https://calagroclimate.org/

https://calagroclimate.org/


Multifaceted pathways to climate-smart agriculture

Tapan Pathak, Project Director



Climate-smart regional workshop

https://www.youtube.com/playlist?list=PLLjlfxpbNglYEOEhMN_Ic-TbkRCxAA7ML

https://www.youtube.com/playlist?list=PLLjlfxpbNglYEOEhMN_Ic-TbkRCxAA7ML


UCANR/CDFA Climate-Smart 
Agriculture programs

https://ciwr.ucanr.edu/Programs/ClimateSmartAg/

https://ciwr.ucanr.edu/Programs/ClimateSmartAg/


UC ANR Water and Drought Seminar

https://www.youtube.com/playlist?list=PLLjlfxpbNglYQxsSCr0TFtk2hUr_p1LDv

https://www.youtube.com/playlist?list=PLLjlfxpbNglYQxsSCr0TFtk2hUr_p1LDv


Adaptation Resource Workbook



SAREP Cover Crops Database

https://sarep.ucdavis.edu/covercrop



SAREP other resources



Crop Manage

https://cropmanage.ucanr.edu/



Thank You!
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Email: tpathak@ucmerced.edu

Twitter: @Ag_Climate
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