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The Evolution of Agrometeorological Research in Canada: Emphasis on Mitigating Climate Change.

Our speaker today is Dr. Raymond Desjardins, emeritus scientist at the Ottawa Research & Development Centre,
Science & Technology Branch, Agriculture & Agri-Food Canada. He has an HBSc in Physics (Ottawa U), an MSc
in Meteorology (U Toronto), & a PhD in Agronomy (Cornell U). He is renowned for his innovative techniques to
guantify greenhouse gas emissions & has worked with national & international teams on the role of terrestrial
ecosystems in North America on climate change. He also worked with scientists, producers, & consumers to help
minimize the impact of the agriculture sector on the environment.

DESCRIPTION: Dr. Desjardins here reviews research done in Agricultural Meteorology in Canada in the last 70
years. He describes the techniques that he & his research colleagues developed to quantify greenhouse gas
emissions. He presents estimates of the carbon footprint of the main agricultural products in Canada &
demonstrates the potential role of producers & consumers to help reduce agricultural greenhouse gas emissions.
He discusses the positive or negative feedbacks on the earth’s energy budget associated with biogeochemical &
biogeophysical effects from a whole series of management practices. He presents pathways in agriculture that
could help mitigate climate change.

The presentation will be followed by a conversation, questions, & observations from the participants.

CACOR acknowledges that we all benefit from sharing Website: canadiancor.com

the traditional territories of local Indigenous peoples Twitter: @cacor1968

(First Nations, Métis, & Inuit in Canada) and their YouTube: Canadian Association for the Club of Rome
descendants. 2024 Jan 17 Zoom #180
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History of agrometeorology in Canada
Measurements of mass and energy exchange
over North America terrestrial ecosystems

Measurements and estimates of GHG emissions
from agricultural sources

Estimates of the carbon footprint of agricultural
products

Discuss the impact of agriculture on climate

Present potential Natural Climate Solutions for
agroecosystems

. Concluding remarks and acknowledgements
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* Crop development and weather

* Project- An investigation of the growth and development of the
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main crops in relationship to their meteorological environments
for eight locations

“A Biometeorological Time Scale for Cereal Crop Involving Day and —
Night Temperatures and Photoperiod” by George W. Robertson,
International Journal of Biometeorology (1968) 12:191-223

http://cmosarchives.ca/History/History Agrometeroloqgy Robertson 1989.pdf |



http://cmosarchives.ca/History/History_Agrometerology_Robertson_1989.pdf
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| Top Commodities by Province and Territory

Morthwest Territories

WHAT

do we produce?
Top commodites by province and termiory

64.8 million hectares of farmland 40 mha intensively cultivated
Crops and livestock are regionally concentrated - reflecting
Canada’s different landscapes, soils, climates, and history..
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Smith et al. 2013. Assegsing the effects of climate
change on crop production and GHG emissions in

Canada, Agriculture, Ecosystems and Environment,
179, pp. 139-150.

At temperatures over 32.8 degrees Celsius, important
enzymes in wheat start to break down.

Kaharabata, S., and R.L. Desjardins (2021). An indicator of freeze-
kill damages to fruit trees during flowering. Int. J. of
Biometeorology 65, 813-825.
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1965 — 2023 Research )Wlth re§ egt to mitigating cllmate change
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Measured and estimated mass and energy exchange
associated with some of the major ecosystems in
North America

Measured and estimated GHG emissions associated
with the agriculture sector and other sectors

Estimated the carbon footprint of most agricultural
products and the differences in radiative forcing
associated with several management practices

Quantified the impact of agriculture on climate and
identified ways to reduce It.

10
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2. Measured the instantaneous rate of photosynthe3|s at the field scale using the EC technique |

1.5 g of CO2=1 g of dry plant material

6 CO,+ 6 H,O + light energy = C;H,,0; + 6 O,

Desjardins, R.L. 1972. A study of carbon dioxide and sensible heat fluxes using the eddy
correlation technique. Ph.D. Thesis, Cornell University, Ithaca, N.Y. 175 pp.

Chahuneau, F., Desjardins, R.L., Brach, E.J. and Verdon, R. 1989. A micrometeorological facility
for eddy flux measurements of CO, and H,O. J. Atmosp. & Oceanic Tech. 6: 193-200..




— vertical wind velocity
— scalar

10 20 30 40

vertical wind velocity

o

Time (with tower) or distance (with aircraft)

Reynolds: X=X+X, X' =0, Xy =Xy +XYy’

Flux: F= ﬁ =

W

e

EC technique is a useful tool because it permits to quantify fluxes for an entire ecosystem without 12
disturbing it. It is based on assumptions of stationarity and horizontal homogeneity.
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Measured gas exchange aya regione;%le using aircraft-based EC technology
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14 May 1982 « Vol. 216 « No, 4547 $2.50

SCIENCE

AMERICAN ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE
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OoDal positioning ozone analyzer

s (Teco and LO
system antenna

Computer system

Console, keyboard & navigation

system controls — Litton 90 inertial
reference system
Data display Upward radiometer angs
greenness index
Dew point sensor
N)
Nose LI-COR Laser altimeter
CO2/H20 analyzer ®\
Side-looking video camera
Rosemount 858

(o, B, airspeed, altitude) Greenness index

Downward radiometer
PRT-5 surface temperature

Video camera

Attitude gyro Accelerometer?

Radio altimeter rate gyros LI-COR gas analyzer (CO2/H20)
\

Rosemount Temperature DAT recorder -

Probes (2 port, 1 starboard) Satellite simulator
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http://www.agr.gc.ca/eng/abstract/?id=38017000000168
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198/7-1989 FIFE

First International Satellite Land Surface Climatology Project
Field Experiment whose main objective was to investigate the
role of biology in controlling the interactions between a
grassland ecosystem and the atmosphere.
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FIFE project provided flux measurerynts ata w?e» range of scales using a multldlscplmary approach
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Satellite 10m-8km
Airborne Flux 15km

Airborne Radiometry
10m-15km

Flux Site
10m-1km

Canopy, Leaf Physiology

1cm-10m 4 COZ Fluxes (kg Coz ha1 h-l)

Carbon dioxide exchange measured over a 15 km x
15 km grassland area using the Canadian aircraft,
flying a grid pattern at 90 m above the surface. The

Carbon, energy, and water fluxes from leaf to regional scales data iS Superimposed on a Satellite image Of N|R/|R

Desjardins, R.L., etal. 1992. J. Geophys. Res. 97: 18467-18476.



3 - % ‘- g ‘ ‘ S classified / Non classifié
2 2d using the Twin Otter aircraft Gver

7

th :i hza Prai[ies .-,ﬂ




Unclassified / Non classifié

Northern WetlariLH§:~Study (1990)

s

. *Roulet, N., Reeberg, W. AIperln M., Desjardins, R L., Galchenko, V., Glooschenko, W., Lassiter, R., Lassey, K:, Moore, T., Schiff, H S nsson,B., I
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It is clear from this graph that air temperature is one of the dominant
factor controlling the carbon dioxide exchange over these wetlands
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Desjardins et al. 1994. Airborne flux measurements of CO, and H,O over the Hudson Bay Lowlands. J. Geophys. Res. 99: 1551-1561
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Land Cover within a 15 x 15 km
grid in the BOREAS SSA

Lakes Black Rock  Jack  Aspen Fen
Spruce Pine

02% 97.6% 12% 185% 154% 6.4%

Region
" 1000 x 1000 km
'

rea
130 km wide \9[)

I’\SA 100 km wide

‘ §
Desjardins et al. (1997)
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ICa ayt|me conv ve Schuepp, et al. 1990. Footprint prediction of scalar fluxes from analytical
solutions of the diffusion equation. Boundary Layer Meteorol. J. 50: 355-373.
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CO, Flux (mg m2s-1)
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Desjardins, R. L., Worth, D.E., Dyer, J.A., Verge, X.P.C. & McConkey, B.G. (2020). The Carbon Footprints of Agricultural Products in Canada pp
1-34 S.S. Muthu (ed.), Carbon Footprints, Environmental Footprints and Eco-design of Products and Processes, http://doi.org/10.1007/978-

981-13-7916-1 1



http://doi.org/10.1007/978-981-13-7916-1_1
http://doi.org/10.1007/978-981-13-7916-1_1
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Chambers are the most commonly used technique to
measure GHG emissions from agricultural solls

Automated

. 8100-102 8100-103

e.g. LI-COR survey
chambers

*Rochette et al. 1993. Can. J. Soil Sci. 72: 591-603.

*Pennock et al. 2005. Canadian Journal of Soil Science 85: 113-125

26



Method developments highly transferable to other sectors (Oil & Gas)
WindTrax can be downloaded from:
http://www.thunderbeachscientific.com/windtrax.html

VanderZaag et al. 2018. Environmental
Technology. 39 (7), 851-858. DOI:
10.1080/09593330.2017.1313317

Upwind Downwind
Concentration Concentration
Open-Path Lasers 3D Sonic
CHa or NH3
» ( )
- >
O RO

Flesch et al. 2013. J. of Animal Science. 93: 1-14.



Diurnal Cycle in CH, emissions,
corresponding with feeding times
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Van Haarlem et al. 2008. Canadian Journal of Animal Science. 88: 641-649.
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Desjardins, R.L., et al. 1992. J. Geophys. Res. 97: 18467-18476.
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AAFC, NRC and EC worked across biome borders
of wetlands and agriculture on GHG emissions.

Legend

Land Use Type
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- Open Water
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Flight Tracks
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kg CH, yr'
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30,000 - 40,000
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Desjardins et al. (2018). Agricultural and Forest Meteorology, 248: 48-59.
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Lafleche Environmental, Waste
Treatment and Composting Facility

Vankleek Hill."
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Cai et al. 2020. Methane emissions from a waste treatment site:
Numerical analysis of aircraft-based data. Agriculture and Forest
Meteorology, 292-293, 2020,108102.

We measured emissions of 2393 kg methane per hour which is
equivalent to the emissions from about 130,000 dairy cows.

Methane emissions escaping from Alberta oil wells were recently
reported to be 50 percent underestimated. (Matthew Johnson,
Carleton Univ.)

Flesch et al. 2011. Fugitive methane emissions from an agricultural

. biodigester. Biomass and Bioenergy J. 35: 3927-3935.

34



LEGEND
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pasture/grass
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forest
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Pattey E., Edwards, G.C., Desjardins, R.L., Pennock, D., Smith W., Grant B., MacPherson, J.1., 2007. Tools
for quantifying N,O emissions from Agroecosystems. Agric. Forest Meteorol.142(2-4): 103-119.
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Desjardins, R.L., Pattey, E., Smith, W.N., Worth, D., Grant, B., Srinivasan, R., MacPherson, J.l., and Mauder, M., 2010. Multiscale estimates of
N,O emissions from agricultural lands. Agric. Forest Meteorol., 150: 817-824.
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Agricultural
Management

Nutrient, Crop, Tillage,
Residue, Drainage,

Smith, Grant et al. 2010. A tool to link agricultural activity data with the DNDC model to estimate
GHG emission factors in Canada. Agriculture, Ecosystems and Environment 136 (3-4), 301-309.



90
80

Gg N,O-N

O Estimated direct annual N,O-N emissions

I Estimated direct spring N,O-N emissions

1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 1998

Year

On average, in Canada, spring emissions represent 30% of annual emissions.
The contribution of freeze-thaw cycles to annual emissions ranged from 8 to
81% in northern countries (Wang et al. 2008).

Smith, W.N., B. Grant, R.L. Desjardins, R. Lemke, and C. Li. 2004. Estimates of the interannual variations of N,O emissions from agricultural soils
in Canada Nutrient Cycling in Agroecosystems. 68: 37-45.
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Farm fieldwork fuel
(GHG emissions
Fossil fuel (D) "(D)" = farmer decisions
choice that affect fuel consumption.
Cultivate Tillage Seed & Harvest & truck Spread Harvest
or spray practices fertilize annual crops manure forage
) ) ) )
Weed Prepare Yields Livestock: Hay
control seed bed -type harvest
-number system
D)
Area in Area in Crop types Area in
summer annual -annuals perennial
fallow crops forage
(D) Total area (D)
of cropland

Schematic diagram of controlling resources and activities of fossil fuel use for farm
fieldwork that affect the GHG emissions from fossil fuel on a typical farm in Canada.

Dyer J. and R.L. Desjardins. 2005. J. of Sustainable Agriculture 27(1): 71-90.

41
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Machine
Electricit | k Management,
ectricity Supply, [ "
Supply, | 17% SRk 13%
6%

32%
Heating Fuel,«—

% / Field Work,
On-Farm »— 25% CO; (Fossil
Transport, Fuel),

Enteric Fermentation,
7% ;

87%

Agricultural Soils
Indirect Emissions,
14% °

Agricultural Soils
Direct Emissions,
68%
Desjardins et al. 2019. The carbon footprint of
agricultural products in Canada. Springer publication
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FOOD CROPS
Drypeas
Chackepeas

Y C02e )0 {DN)

E

On an area basis, crops that are heavily fertilizer (e.g. corn) tend to have a
high carbon footprint, whereas crops that can fix nitrogen and are not fertilized

(e.g. soybean and alfalfa) tend to have a small carbon footprint.

Sprg Vieat
QILSEEDS

F

|

On a dry matter production basis, the heauvily fertilized crops do not have the
highest carbon footprint, as they are also highly productive crops. Algorithms

used to calculate GHG emissions are frequently being refined.
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Group Averages Oilseeds
Oilseeds Pulses Roots Forages Cereals Canola Flaxseed Soybeans Sunflower
Atlantic Provinces 0.78 3.22 1.36 1.95 0.78
Québec 1.72 3.28 1.53 2.42 2.45 0.99
Ontario 1.69 1.07 2.60 1.48 2.04 2.45 0.93
Manitoba 0.95 0.62 1.78 0.93 1.28 1.28 0.93 0.42 1.19
Saskatchewan 0.91 0.60 1.21 0.33 0.67 1.04 0.78
Alberta 1.18 0.83 1.63 0.87 1.06 1.30 1.07
British Columbia 1.68 2.48 1.29 1.27 1.68
Canada 1.06 0.68 2.01 1.27 1.45 1.36 0.85 0.84 1.19
Pulses and Roots Forages
Chickpeas Dry Peas Beans Lentils Potatoes Sugar Beets Alfalfa Tame Hay Corn Silage
Atlantic Provinces 3.22 0.30 1.24 2.53
Québec 3.28 0.33 0.99 3.28
Ontario 1.07 2.60 0.31 1.02 3.10
Manitoba 0.74 0.51 1.78 0.16 0.79 1.83
Saskatchewan 0.53 0.69 0.57 1.21 0.13 0.54
Alberta 0.72 0.99 0.76 1.85 1.40 0.16 0.68 1.77
British Columbia 2.48 0.24 0.95 2.70
Canada 0.58 0.78 0.79 0.57 2.62 1.40 0.21 0.86 2.74
Cereals
Barley Grain Corn Mixed Grains Oats Spring Wheat Winter Wheat Durum Wheat Fall Rye
Atlantic Provinces 1.57 2.70 1.57 1.88 1.94 2.05
Québec 2.00 3.38 2.02 2.34 2.36 2.45
Ontario 1.64 3.19 1.65 1.95 1.81 2.16 1.91
Manitoba 1.11 1.83 1.18 1.17 1.23 1.16
Saskatchewan 0.69 0.71 0.68 0.67 0.65 0.64
Alberta 0.98 1.72 1.04 0.98 0.98 0.93 0.92 0.89
British Columbia 1.24 1.28 1.31
Canada 1.12 3.03 1.58 1.24 1.12 1.72 0.73 1.03
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Method
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Population - Dairy cows

: . Inputs
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Verge et al. 2013. Carbon footprint of Canadian dairy products: calculations and issues. J. Dairy Sci.96. 6091e6104




Prmcnple

Wheat 50
Oats 30
Barley 870
Corn 440
Dry peas 5
Soybean 90
Canola 125
Straw-Silage Census
Pasture

“Crop Complex”

Verge et al. 2013. Carbon footprint of Canadian dairy products: calculations
and issues. J. Dairy Sci.96. 60916104
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Dairy products (GHG per kg of product)

Cradle-to-gate Carbon Footprint of Canadian Dairy Products - 2006
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Figure 5: Carbon footprint for several Canadian dairy products in 2006

Verge et al. 2013. Carbon footprint of
Canadian dairy products: calculations and
issues. J. Dairy Sci.96. 6091e6104
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 Estimate GHG
emissions of any
farm in Canada

* Look for ways to
reduce emissions

export

l...

import
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Management practices, GHG
Conditions, etc. Calculator

GHG
emissions

Janzen, H.H., Angers, D.A., Boehm, M., Bolinder, M., Desjardins, R.L., Dyer, J.A., Ellert, B.H., Gibb, D.J., Gregorich,
E.G., Helgason, B.L., Lemke, R., Massé, D., McGinn, S.M., McAllister, T.A., Newlands, N., Pattey, E., Rochette, P.,
Smith, W., VandenBygaart, A.J., and Wang, H. 2006. A proposed approach to estimate and reduce net greirgouse gas
emissions from whole farms. Canadian Journal of Soil Science. 86: 401-418.
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Planting Use of |
windbreaks biodigesters

Numerous agricultural practices result in less GHG
emissions and an increase in soil C sequestration
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Desjardins., and D. Greenhouse Gas Sinks: A Science Assessment. Eds. Hengeveld, H. Bourbonniere, R.
Braithwaite, L., Chen, W.Worth 2008. Moving canadian agricultural landscapes from GHG source to sink.
In Enhancement of Desjardins, R.L., and P. Hall. Chapter 2 pp 19-33. 50




Comparing the carbon footprint between agricultural products is not
necessarily fair, because they are functionally different in terms of
the energy, nutrient content, etc.

However, one of the primary functions of agricultural
products is to provide protein for growth. Therefore,
expressing the carbon footprint per unit of protein is
one way to compare greenhouse gas emissions

associated with agricultural products.




Since the primary functions of animal products is to
provide protein for growth, expressing the carbon
footprint per unit of protein is the best way to compare
GHG emissions between animal products.
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Protein Sources: tCOy/ha Kg (protein)/ha tCQ
Animal: East West  East Woest
Ruminants 15.17 11.33 263 103
Non-ruminants 3.13 1.82 167 83
Plant: East West East West
Soybeans 0.30 0.26 1077 630
Other legumes 0.41 0.34 207 139

Source: Dyer and Verge (2015)

Pulses and soybeans represent a far less carbon intensive method of producing
protein, as compared to ruminant and non-ruminant sources. For example, the amount
of feed input for ruminants equate to 15 to 30 times the mass of the final meat product.

V'erge, et al. (2018). Journal of Cleaner Production, 200: 858-865.
https://doi.org/10.1016/j.jclepro.2018.08.016
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Protein (Pn) and Red Meat (RM) Boundary Conditions 391 kt proteins/yr

(a or b = beef:pork RM ratios) Reducing RM C by 24%
250 50-50 split of red meat
Protein Bounda 4 MT CO2e
200 D Split pork 75%-beef 25%
2 9 Mt CO2e
> 130 https://scitube.io/jam
m
= 100 RV Boundary es-c_lyer_—raympnd-
2 desjardins-using-
030 protein-as-a-
0.00 B | unifying-
Pn{C} RM{C} Pn{a} 50:50 Pn{b} 25:75

measurement-of-
livestock-carbon-
footprints/

Dyer, J.A., Desjardins, R.L (2020). Protein as a unifying metric for carbon footprinting livestock.
Earth & Environment Research Outreach Connecting Science with Society Issue 118 pp 142-144.

mBeef  mPork Protein
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Dyer, et al. (2011). Energy for Sustainable Development, 15(4), pp. 451-459. doi : 10.1016/j.esd.2011.08.004.

Dyer, J. A., & Desjardins, R. L. (2018). Energy for Sustainable Development, 47: 23-33. https://doi.org/10.1016/j.esd.2018.08.006
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The Greenhouse Effect

SHwmn Eambh's sariacs
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Lo e o Eoreyae rad e oo s

* Earth receives approximately 342 W m-2 of solar energy (mean over seasons,
surface area)

* ~31% reflected away, remaining 235 W m-2 absorbed

* Surface emits 390 W m2 as long-wave radiation, 90% is absorbed & re-emitted
by atmospheric greenhouse gases, with 235 W m2 emerge from the top of the
atmosphere

* Radiative forcing or climate forcing is the change in the energy flux in the
atmosphere, measured in watts per meter square, caused by either natural or
anthropogenic factors affecting climate change

* note: 1 W m2 extra forcing — ~0.5° C mean temp increase
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Practices Biogeophysical Biogeochemical Net Effect
forcing forcing
Reduced tillage — - ——
Afforestation + + __
Deforestation ——

Planting forage crops — —— ——
Irrigation — — 4 —
Biochar + S _

Leaf albedo bio- — — ——
geoengineering

Production of biofuel - — + _

Reduce RM — - -
consumption

Reduced fallow — —— —
Cover crops — — -

Leave long stubble for — — -
snow trapping
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Betts, Desjardins and Worth. 2007. Impact
of agriculture, forest and cloud feedback
on the surface energy budget in BOREAS.
Agricultural and Forest Meteorology. 142:
156-169.
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Cumulative net effect (nW,/m2 wyr)

0.8

0.6
0.4
0.2
0.0

Two forest growth scenarios %
High carbon capacity 5 tons C/halyr.
Low carbon capacity 2 tons C/halyr

-0.2

NEP (keg-C /m2 / Yr)

-0.4

-0.6
-0.8
-1.0

Bernier, P. Y., R.L. Desjardins, Y.
Karimi-Zindashty, D. Worth, A.
Beaudoin, Y. Luo and S. Wang
2011. Boreal lichen woodlands: A
possible negative feedback to
climate change in eastern North

Year

America. Agriculture and Forest
Meteorology 151: 521-528.
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Identify fields with known crop type and management, estimate annual albedo
from satellite imagery and scale up to national scale using crop/management
distribution
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Therefore, knowing the radiative forcing impact of a management
practice on albedo (da), the carbon equivalent impact (da.q,)
can be calculated as follows:

B, = Co (eXpLS%S_l)

Where, C, is atmospheric CO, concentration.
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Acreage of canola mcrea%@ from 2.9 to 8.4 Mha whife "
wheat decreased from 11.6 to 5.7 Mha. |
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AAFC scientists with a team from Nature United have
proposed 11 ‘Natural Climate Solutions’ through
agricultural pathways that could result in a reduction of
76 Mt CO.elyr by 2030 (Drever et al. 2021)

These pathways include:

. reduced tillage « avoided conversion of
’ shelterbelts,

 cover crops, . .
* tree intercropping,

 |egume crops, o i
g P - riparian afforestation,

 |egumes in pasture, .
J P  biochar,

« silvopasture,

°* manure management

e nutrient management,

68



11 Agricultural patHways ' "‘ u(g%g/r'g'a'é T}yl'-' -

<$10/t < $50it < $100/t

0 5 10 Mt CO.elyr

Cover Crops | [ ]

Biochar |||

Nutrient Management I I

Tree Intercropping I I I I

Manure Management I
co-benefits climate mitigation

Sieastrs ]|
Legume Crops ||| I — E:;diversity = :::E;:E;::Q
Reduced Tillage | ||| : :c:ler B <=550 CAD/Mg

Riparian Afforestation || ||| m— social Bl =510 CAD/Mg

Legumes in Pasture I I I I
Avoided Conversion of Shelterbelts |||

*Drever et al. 2021. Natural climate solutions for Canada. Science Advances, 2021, 7(23),
https://advances.sciencemag.org/content/7/23/eabd6034

-
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Avoided methane emissions from reduced methanogenesis through
acidification of manure in handling facilities of dairy and swine farms

Drever et al. 2021. Science Advances, 2021, 7(23), https://advances.sciencemag.org/content/7/23/eabd6034

Per head Total Mitigation
mitigation Potential
@1.1 t CO.elyr @ 0.4 Mt CO.elyr

by 2030

by 2030

@ 0.2t CO.elyr @2.6 Mt CO,elyr
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7 Conclud ﬁg remarks

— -—v—ﬂw "‘F"‘W‘

Considerable progress has been achieved in agricultural meteorology in Canada during
the last seventy years.

The multidisciplinary approach of measuring mass and energy exchange has greatly
helped improved our understanding the biosphere-atmosphere interactions at the
ecosystem scale.

We made considerable progress in quantifying GHG emissions from a wide range of
sources and in estimating the carbon footprint of agricultural products.

We showed how producers and consumers could help reduce GHG emissions from the
agriculture sector.

Pathways that could reduce the agricultural GHG emissions by more than the current
agricultural GHG emissions in Canada have been identified.

Agroecosystems represent only 7% of the terrestrial biosphere in Canada, it is then
Important to understand the role of all major ecosystems with respect to climate change.

Estimates of radiative forcing/ climate forcing need to be greatly improved.
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Thank you for your attention

Any gquestions or comments
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